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Eff ects of omega-3 enriched enteral feeding 
in mechanically ventilated septic patients

Nikolina Marić, Mirjana Čubrilo-Turek, Ivana Mikačić, Nikolina Tolj Karaula, 
Maja Mačković, Ninoslav Budinski

ABSTRACT - Enteral nutrition containing eicosapentaenoic acid (EPA), gamma-linolenic acid (GLA) and 

antioxidants can improve gas exchange, oxygenation and cardiopulmonary function by modulating infl am-

matory response. Current studies have shown the benefi cial eff ects of enteral diet enriched with EPA+GLA 

in patients with acute respiratory distress syndrome (ARDS) (1,2). In our prospective cohort study which is 

still in progress, EPA+GLA formulation (Oxepa, Abbott Nutrition) is compared with standard high-fat, low-

carbohydrate enteral formulation (Pulmocare, Abbott Nutrition). So far 12 mechanically ventilated septic 

patients tolerating enteral nutrition were included in the study. paO2/FiO2 ratio was determined on days 1, 

4 and 7. Current results showed there was no statistically signifi cant diff erence between two groups under 

observation regarding age, BMI, APACHE II score and total daily calorie intake (Table 1). Th e two groups 

did not diff er in paO2/FiO2 ratio on day 1, but on days 4 and 7 the EPA+GLA group had statistically signifi -

cant increase in paO2/FiO2 (Table 2). EPA+GLA enteral diet may provide benefi cial eff ect on respiratory 

function of mechanically ventilated septic patients. Further investigations with more participants and longer 

follow-up period are needed to confi rm the role of EPA+GLA enteral nutrition in these patients.

Key words: enteral nutrition, sepsis, mechanical ventilation

Sveti Duh University Hospital, Department of Emer-
gency and Intensive Care Medicine, Zagreb, Croatia

INTRODUCTION

Nutritional support was formerly not considered 
an important part of critical care management in 
an ICU. Nowadays it is known that nutritional sta-
tus and clinical outcome are linked (3). Critically 
ill patients with poor nutritional status commonly 
experience immune dysfunction, weakened respi-
ratory muscles and reduced gastrointestinal toler-

ance leading to wide range of complication (4,5). 
Th e aim of modern critical care is to optimize nu-
trition for each patient. Enteral nutrition is pre-
ferred over parenteral for most patients in inten-
sive care unit (3,6). Enteral feeds are now for-
mulated with active nutrients that may modulate 
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infl ammation, reduce oxidative damage and im-
prove feeding tolerance. Th anks to these benefi cial 
characteristics of new enteral formulas, the term 
“supportive nutrition” can be replaced with “thera-
peutic nutrition” (7). Fish oil-supplemented enteral 
formulas containing eicosapentaenoic acid (EPA), 
gamma-linolenic acid (GLA) and antioxidants can 
improve gas exchange, oxygenation and cardio-
pulmonary function by modulating infl ammatory 
response. Th ese positive respiratory eff ects can be 
crucial in septic patients with respiratory failure. 
Current studies have shown the benefi cial eff ects of 
enteral diet enriched with EPA+GLA in patients 
with acute respiratory distress syndrome (ARDS) 
(1,2).

Th e aim of our study was to assess eff ects of enteral 
feeding formulation enriched with EPA+GLA on 
respiratory function of mechanically ventilated 
septic patients.

PATIENTS AND METHODS

In our prospective cohort study which is still in 
progress, EPA+GLA formulation (Oxepa, Abbott 
Nutrition) was compared with standard high-fat, 
low-carbohydrate enteral formulation (Pulmocare, 

Abbott Nutrition) in mechanically ventilated sep-
tic patients. Th e study started on November 2011 
and is still in progress. Mechanically ventilated 
 patients with the diagnosis of severe sepsis and 
septic shock with enteral access and no contraindi-
cation to enteral feeding were enroled in the study. 
Patients were randomized in 1:1 ratio in a blinded 
way into study group (EPA+GLA) and control 
group (Standard). So far 12 mechanically ventilat-
ed septic patients tolerating enteral nutrition were 
included in the study. Enteral feeding is delivered 
to achieve minimum caloric delivery of 75% of 
 basal energy expenditure (BEE, determined by 
Harris-Benedict equation) X 1.3. Th e day this BEE 
is achieved is considered day 1 of the study. Oxy-
genation status of a patient is determined as paO2/
FiO2 ratio on days 1, 4 and 7.

RESULTS

Current results showed there was no statistically 
signifi cant diff erence between two study groups re-
garding age, BMI, APACHE II score and total daily 
calorie intake (Table 1). Two groups did not diff er 
in paO2/FiO2 ratio on day 1, but there was statisti-
cally signifi cant increase in paO2/FiO2 ratio in the 

Table 2. Gas exchange variations expressed as paO2/fi O2 ratio in two study groups

Standard formulation EPA+GLA formulation
p Signifi cance

Mean SD Mean SD

Day 1 109.6 30.1 116 24.6 0.730 NS

Day 4 165 33.3 215.8 21.5 0.036 S

Day 7 198 31.45 241.7 16 0.012 S

EPA – eicosapentaenoic acid; GLA – gamma-linolenic acid; SD – standard deviation
S – signifi cant ; NS – nonsignifi cant

Table 1. Baseline patient characteristics

Standard formulation EPA+GLA formulation
p Signifi cance

Mean SD Mean SD

Age (years) 61.3 7.97 67.1 4.71 0.2959 NS

APACHE II score 24.8 1.83 25.3 1.75 0.6396 NS

BMI (kg/m2) 26.4 4.68 25.3 5.67 0.7055 NS

Total daily caloric intake (kcal/day) 1408.3 140.53 1485 128.13 0.1767 NS

EPA – eicosapentaenoic acid; GLA – gamma-linolenic acid
APACHE II – Acute Physiology and Chronic Health Evaluation II; BMI – body mass index
SD – standard deviation; NS – nonsignifi cant



5

Su
p

p
l. 2

, 2
0

1
2

Neurol Croat Vol. 61, Suppl. 2, 2012 N. Marić et al. Enteral nutrition in sepsis

EPA+GLA group on day 4 (p=0.036) and day 7 
(p=0.012) (Table 2).

DISCUSSION AND CONCLUSION

Early enteral nutrition (within 24 to 48 hours of 
arrival at ICU) has become the recommended 
standard of care for majority of ICU patients. Early 
introduction of nutrition maintains gut barrier 
function and supports immune responses. Feeding 
of ICU patients consists of several steps: choosing 
the right feeding route and composition of feeding 
formula, rate and caloric density (3,7). Enteral 
 formulas supplemented with specifi c pharmaconu-
trients like infl ammation-moderating fats (EPA 
and GLA) and antioxidants have been recognized 
in evidence-based guidelines to reduce infl amma-
tory responses and protect against free radical 
damage. Results of clinical studies have verifi ed the 
benefi t of an enteral diet enriched wih EPA and 
GLA in ventilated patients with ALI/ARDS. Th e 
use of this diet in this category of patients is associ-
ated with improvement in oxygenation status, re-
duced mechanical ventilation time, fewer days in 
ICU, less new organ dysfunction and reduction in 
mortality rate (1,2). Based on these results, all gui-
delines specifi cally recommend the use of EPA and 
GLA in ALI/ARDS patients (3,4,7).

Th e role of nutrition as therapy for ICU patients is 
based on specifi c composition of feeding formulas 
containing pharmaconutrients with a potential to 
enhance natural recovery process of the body, pre-
vent and reduce disease-related complications, and 
provide vital energy with macro- and micronutri-
ents. Th is combination of macro- and micronu-
trient support and pharmaconutrients off ers new 
hope for better outcome in ICU patients (7).

Th e results of our current study show positive ef-
fects of enteral nutrition formula enriched with 
EPA, GLA and antioxidants on oxygenation status 
of mechanically ventilated septic patients. More 
participants and longer follow-up period are need-
ed to confi rm this positive role of specialized en-
teral nutrition formulas with EPA+GLA. Th e ef-
fects of nutrition on critically ill patients and their 
outcome requires further investigation.
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Učinci enteralne prehrane obogaćene s EPA+GLA 
kod mehanički ventiliranih septičnih bolesnika

SAŽETAK - Enteralna prehrana koja sadržava eikozapentaenoičnu kiselinu (EPA), gama-linoleinsku kiseli-

nu (GLA) i antioksidanse može moduliranjem upalnog odgovora poboljšati izmjenu plinova, oksigenaciju i 

kardiopulmonalnu funkciju. Dosadašnje su studije pokazale povoljno djelovanje enteralne prehrane 

obogaćene s EPA+GLA u bolesnika sa sindromom akutnog zatajenja disanja (ARDS) (1,2). U našoj prospek-

tivnoj kohortnoj studiji koja je u tijeku, pripravak EPA+GLA (Oxepa, Abbott Nutrition) uspoređuje se sa 

standardnim enteralnim pripravkom s visokim udjelom masti i niskim udjelom ugljikohidrata (Pulmocare, 

Abbott Nutrition). Do sada je u studiju uključeno 12 mehanički ventiliranih septičnih bolesnika koji su 

 podnosili enteralnu prehranu. Omjer paO2/FiO2 određuje se prvoga, četvrtoga i sedmog dana. Dosadašnji 

su rezultati pokazali da nije bilo statistički značajne razlike među ispitivanim skupinama za dob, BMI, 

 APACHE II i ukupni dnevni unos kalorija (tablica 1). U prvome danu nije bilo statistički značajne razlike u 

omjeru paO2/FiO2 između ispitivanih skupina, dok je ovaj omjer u četvrtom i sedmom danu bio statistički 

značajno viši u skupini EPA+GLA (tablica 2). Enteralna prehrana s EPA+GLA može imati poželjne učinke 

na respiracijsku funkciju mehanički ventiliranih septičnih bolesnika. Potrebna su daljnja istraživanja s više 

ispitanika i duljim razdobljem praćenja kako bi se potvrdila djelotvornost enteralne prehrane s EPA+GLA u 

ovih bolesnika.

Ključne riječi: enteralna prehrana, sepsa, mehanička ventilacija



7

Neurol. Croat. Vol. 61, Suppl. 2, 2012

Su
p

p
l. 2

, 2
0

1
2

Perioperative evaluation of total leukocyte 
count in neck dissection: a retrospective 
analysis at a single hospital center

Tatjana Goranović, Irena Pirkl1, Boris Filipović1, Dinko Tonković, Višnja Nesek Adam, 

Marica Žižić Mitrečić1, Miran Martinac2, Branka Maldini3, Boris Šimunjak1

ABSTRACT - Perioperative prognostic signifi cance of total leukocyte count (TLC) has been confi rmed in 

general and abdominal surgery. However, there is no data about the specifi c value of TLC during periopera-

tive period in patients with head and neck cancer who underwent surgical procedure that involved any type 

of dissection of the neck. Th e aim of this study was to fi nd out if the TLC has prognostic meaning in terms of 

predicting possible complications in the immediate postoperative course or delay the discharge of this spe-

cifi c population from intensive care unit or hospital.

We retrospectively reviewed medical charts for characteristics of patients with head and neck cancer at our 

hospital who underwent surgical procedures that involved any type of the neck dissection and who were 

postoperatively admitted to surgical intensive care unit. Th e fi nal analysis included 36 patients. Th ere was a 

statistically signifi cant diff erence in TLC depending on sample collection time related to surgery (P < 0.000). 

Statistically signifi cant increase in TLC was showed intraoperatively compared to preoperative TLC values 

(Z= -3.201, P =0.001), on postoperative day 0 compared to preoperative (Z= -5.232, P= 0.000), and on post-

operative day 1 compared to preoperative values (Z= -5.185, P=0.000). Th ere was strong positive correlation 

between intraoperative TLC and hospital stay that was statistically signifi cant (r
s
= 0.701, P=0.001). In addi-

tion, there was positive, statistically signifi cant correlation between TLC postoperative day 0 and hospital 

stay (r
s
= 0.428, P=0.009). Our study demonstrated that intraoperative and early postoperative TLCs have 

Department of Anaesthesiology and Intensive Care Unit, Sveti Duh University Hospital, Zagreb, Croatia
1Department of Otorhinolaryngology and Head and Neck Surgery, Sveti Duh University Hospital, Zagreb, Croatia
2Department of Surgery, Sveti Duh University Hospital, Zagreb, Croatia
3Department of Anaesthesiology and Intensive Care Unit, Sestre milosrdnice University Hospital Centre, Zagreb, 
Croatia
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prognostic value for predicting prolonged hospital stay of patients with head and neck cancer undergoing 

neck dissection.

Key words:  leukocyte count; head and neck neoplasms; perioperative period; neck dissection; 
hospitalization, length of stay

lized data from our own experience in surgical 
treatment of patients with head and neck cancers.

METHODS AND PATIENTS

Th is study was designed as a retrospective analysis 
of data on patients who underwent neck dissec-
tions for the surgical treatment of head and neck 
cancer at Department of Otorhinolaryngology and 
Head and Neck Surgery, University Hospital Sveti 
Duh, Zagreb, Croatia. Between June 2007 and July 
2011, 78 adult patients underwent 83 uncontami-
nated neck dissections. We retrospectively re-
viewed medical charts on patients’ characteristics 
(age, gender, preoperative American Society of 
Anesthesiologists (ASA) status, preoperative leu-
kocyte values, primary tumor location), operative 
details (type of surgery, type of neck dissection, 
duration of surgery, duration of anesthesia, in-
traoperative leukocytes) and postoperative data 
(postoperative leukocytes on postoperative day 0 
(POD 0) and day 1 (POD 1), duration of the ICU 
stay, wound healing complications, wound in-
fection, time of drain removal, hospital stay). As 
wound healing complications, we noted any delay 
in wound healing including minor delay or major 
delay with the development of fi stula, with or with-
out evidenced infection. As wound infection, we 
registered only those for which we found written 
microbiology fi nding in a medical chart. Patients 
who were not admitted to ICU for any reason aft er 
surgery, or for whom the required data were miss-
ing in their medical charts, were excluded from the 
study. Th erefore the fi nal analysis included a total 
of 36 patients.

Statistical analysis

Statistical analysis was performed with SPSS soft -
ware for Windows, version 9.0 (SPSS Inc., Chicago, 
IL, USA). Categorical data (gender, ASA, primary 
tumor location, type of surgery, type of dissection) 
were expressed as frequencies and presented nu-
merically. Distribution of numerical data was de-
termined with the Kolmogorov-Smirnov test and 
the Shapiro Wilk test of normality. Normally dis-

INTRODUCTION

Although there are nowadays more specifi c and 
sensitive laboratory parameters, total leukocyte 
 count (TLC) is still used as a rough indicator of 
 infl ammatory processes during initial diagnostic 
procedures (eg. acute appendicitis) [1,2,3], it may 
provide useful information about patients whose 
diagnosis of infection is uncertain [4], and it is also 
used for a rough estimation of response to thera-
peutic procedures (e.g. antibiotic treatment) in 
various clinical specialties. TLC is an integral part 
of the criteria for systemic infl ammatory response 
(SIRS) [5] and is, as a single component, included 
in diff erent scoring scales used to assess patients 
in intensive care units (ICU) , such as APACHE 
score [6].

In combination with other parameters, the TLC 
has proven perioperative prognostic signifi cance 
in general and abdominal surgery [7]. In gynecol-
ogy, it is a useful guide in selecting female patients 
with pain in their right illiac fossa for diagnostic 
laparoscopic procedures [8]. Recently it was pub-
lished that leukocyte count was strongly associated 
with development of thrombotic complications in 
patients undergoing intensive cytoreductive treat-
ment for hematological malignancy [9].

Suresh et al. showed that the number of leukocytes 
<3 represented a risk factor for the occurrence of 
mucositis aft er chemoradiotherapy in patients with 
head and neck cancers [10]. However, the litera-
ture has no information about the specifi c value of 
TLC during perioperative period in patients with 
head and neck cancer who underwent surgical 
procedure that involved any type of dissection of 
the neck.

Th e aim of this study was to fi nd out if TLC has a 
prognostic meaning in terms of predicting possible 
complications in the immediate perioperative pe-
riod in patients with head and neck cancer under-
going surgical procedure that involves neck dissec-
tion. We hypothesized that the patients with high 
postoperative white blood cell count have pro-
longed stay in the ICU and prolonged hospitaliza-
tion. In order to confi rm this hypothesis we uti-
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tributed data were expressed as mean ± standard 
deviation (SD), whereas not normally distributed 
data were presented as median with interquartile 
range (IQR). Friedman’s test was used for compari-
son of intragroup diff erences in leukocyte levels. 
Rank correlation analysis was performed to cor-
relate leukocyte values with the length of stay in 
ICU and hospital and the time of drain removal. 
P < 0.05 was considered statistically signifi cant.

RESULTS

Table 1 shows demographic and clinical patient 
data. Table 2 shows total leukocyte count preopera-
tively, intraoperatively, on postoperative day 0 
(POD0), and on postoperative day 1 (POD1) in pa-
tients with head and neck cancer with diff erent 
types of neck dissection.

Th ere was no statistically signifi cant diff erence in 
TLC depending on blood sampling time related to 
surgery within the group of patients with selective 
dissection (n=7), χ2(3)=4.895, P=0.180.

However, there was a statistically signifi cant diff er-
ence in TLC depending on blood sampling time 
related to surgery in the group of patients with rad-

ical dissection (n=29), χ2(3)=25.264, P<0.000. Post-
hoc analysis with Wilcoxon Signed-Rank.

Th e tests were conducted with a Bonferroni cor-
rection applied, resulting in a signifi cance level set 
at P<0.008. Th ere was no signifi cant diff erence 
 between POD0 TLC and intraoperative TLC (Z= 
-1.758, P=0.079), or between POD1 TLC and in-
traoperative TLC (Z=-1.655, P=0.98), or between 
POD0 and POD 1 TLC (Z=-0.182, P=0.855). How-
ever, there was a statistically signifi cant increase in 
TLC intraoperatively compared to pre operative 
values (Z=-2.896, P=0.004), at POD 0 compared to 
preoperative (Z=-4.703, P=0.000) and at POD1 
compared to preoperative values (Z=-4.638, P=
0.000)

Similarly to the selected group of patients with rad-
ical dissection, there was a statistically signifi cant 
diff erence in TLC depending on the time to sur-
gery when the total group of patients were analyzed 
(χ2 (3)=28.770, P<0.000). Post-hoc analysis with 
Wilcoxon Signed-Rank Tests showed again statisti-
cally signifi cant increase in TLC intraoperatively 
compared to preoperative values (Z=-3.201, P=
0.001), at POD 0 compared to preoperative (Z= 
-5.232, P=0.000), and at POD1 compared to pre-
operative values (Z=-5.185, P=0.000). Th ere was 

Table 1. Demographic and clinical patient data

N / mean±SD/ median (IQR) %

Gender (male/female) 30/6 83.3% /16.7%

Age 62.72 ±9.61 n/a

ASA 1/2/3 1/20/15 2.8%/55.6%/41.7%

Primary tumor site 
(larynx/ pharynx/ skin/oral cavity/ 
not known)

20/8/1/6/1 55.6%/ 22.2%/ 
2.8%/16.7%/2.8%

Type of surgery (primary tumor 
extraction+neck dissection/ neck 
dissection only)

30/6 83.3% /16.7%

Type of neck dissection 
(radical/ selective)

29/7 80.6%/19.4%

Duration of surgery (min) 427.22 ±100.53 n/a

Duration of anesthesia (min) 462.50 ±97.47 n/a

Postoperative ICU stay 36 100%

Wound healing complication 5 13.9%

Wound infection 0 0%

Timing of drain removal (days) 7 (4) n/a

ICU stay (days) 1 (0.25) n/a

Hospital stay (days) 33 (34.5) n/a

n/a-not applicable; SD- standard deviation; IQR- interquartile range
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no signifi cant diff erence between POD0 TLC and 
intraoperative TLC (Z=-1.965, P=0.049), or be-
tween POD1 TLC and intraoperative TLC (Z=
-1.590, P=0.112), or between POD0 and POD 1 
TLC (Z=-0.556, P=0.578).

A Spearman’s Rank Order correlation was run to 
determine the relationship between TLC and the 
length of ICU or hospital stay and the time of drain 
removal. Th ere was strong positive correlation be-
tween intraoperative TLC and hospital stay that 
was statistically signifi cant (rs=0.701, P=0.001). In 
addition, there was positive, statistically signifi cant 
correlation between postoperative POD 0 TLC and 
hospital stay (r

s
=0.428, P=0.009). Other correla-

tion analyses were positive, but not statistically sig-
nifi cant.

DISCUSSION

In this study we reviewed perioperative data of our 
patients with head and neck cancer undergoing 
neck dissection and found that TLC increased si-
gnifi cantly in the early perioperative period. Th is 
was not surprising as TLC is a part of infl amma-
tory response related to surgical tissue injury [11]. 
In addition, we demonstrated a signifi cant TLC in-
crease in patients with radical neck dissection, and 
not in those with selective neck dissection. Th is 
might also be expected since radical neck dissecti-
on means a rather extensive tissue injury by its de-
fi nition.

However, the positive news that we demonstrated 
was that intraoperative and early postoperative in-
crease in TLC was associated with prolonged hos-
pitalization of the studied population. Th is defi ni-
tely sheds diff erent light on our routine blood sam-
pling practice. To be honest, no matter how much 

we know and care about surgical tissue injury, ane-
sthesiologists and intensivists collect and send blo-
od for testing primarily during elective surgery and 
early in the postoperative period because they want 
to get information on whether they should manage 
bleeding and electrolyte and/or pH imbalance. Le-
ukocytes are counted only by chance because of 
technological possibilities of modern laboratory 
machines. Th e results of our study showed that in-
traoperative leukocytes shold not be treated as ad-
ditional fi nding during routine blood testing, but 
can be considered useful information for further 
clinical decision making. Moreover, we can suggest 
that intraoperative leukocytes can be useful tool 
for predicting the duration of hospital stay in pati-
ents with head and neck cancer undergoing neck 
dissection.

Unfortunately, we are aware that our study has 
some obvious methodological limitations: it was 
designed as retrospective, with a small number of 
fi nally included patients. In addition, we could not 
demonstrate if the timing of blood sampling, that 
may be performed in diff erent stages of surgery, 
may also infl uence results. Also, hospital stay may 
be infl uenced by diff erent factors (eg. local hospital 
policy; family and social circumstances; e.g. most 
of our patients live alone in poor environment) and 
none of these were evaluated in our study. All these 
may represent potential bias. However, since the 
laboratory tests used in this study are perfomed as 
routine in most hospital settings or can be easily 
reproducible, we encourage others to reevalute 
their own data or to perform a similar study in or-
der to complement our clinical observation.

CONCLUSIONS

Our study demonstrated that intraoperative and 
early postoperative TLCs have prognostic value for 

Table 2. Perioperative total leukocyte count (TLC) in patients with head and neck tumor 
aft er radical and selective neck dissection

Median with interquartile range (IQR) in patients with

Selective dissection 
(n=7)

Radical dissection 
(n=29)

All types of dissection 
(n=36)

Preoperative TLC 7.14 (2.00) 8.38 (2.36) 8.04 (2.39)

Intraoperative TLC 11.16 (-) 11.06 (5.45)* 11.06 (4.14)*

Postoperative day 0 TLC 11.03 (4.81) 11.15 (7.09)* 11.15 (7.38) *

Postoperative day 1 TLC 11.03 (3.95) 12.64 (5.25)* 12.64 (5.45) *

TLC- total leukocyte count; IQR- interquartile range
* signifi cant diff erence compared to preoperative TLC; comparison within each group, 
Friedman’s test with post-hoc analysis
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predicting prolonged hospital stay of patients with 
head and neck cancer undergoing neck dissection. 
Th is result shows that routine determination of 
TLC intraoperatively and postoperatively can be 
be useful for clinicians and other heath care provi-
ders involved in planning surgical patients’ hospi-
talization.

List of abbreviations

TLC - total leukocyte count; SIRS - systemic in-
fl ammatory response

APACHE - Acute Physiology and Chronic Health 
Evaluation; ICU- intensive care unit

POD - postoperative day
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Perioperacijska evaluacija ukupnog broja leukocita 
kod disekcije vrata: retrospektivna analiza u jednom 
bolničkom centru

SAŽETAK - Ukupni broj leukocita ima dokazano prognostičko značenje u općoj i abdominalnoj kirurgiji. 

Međutim, ne postoje podaci o njihovom specifi čnom značenju u perioperacijskom razdobolju u populaciji 

bolesnika s tumorima glave i vrata koji su podvrgnuti operacijskom zahvatu koji obuhvaća disekciju vrata. 

Cilj ovog istraživanja je utvrditi ima li ukupni broj leukocita prognostičko značenje u predviđanju mogućih 

komplikacija u neposrednom poslijeoperacijskom tijeku ili u odgađanju otpusta iz jedinice intenzivnog 

liječenja ili bolnice. Retrospektivno smo pregledali medicinsku dokumentaciju bolesnika s tumorima glave i 

vrata koji su bili podvrgnuti operacijskom zahvatu koji je uključivao disekciju vrata i koji su poslijeopera-

cijski bili zaprimljeni u jedinicu intenzivnog liječenja kirurških bolesnika. Završna je analiza uključivala 36 

bolesnika. Pokazana je statistički značajna razlika u ukupnom broj leukocita ovisno o vremenu uzimanja 

uzorka u odnosu na operacijski zahvat (P < 0,000). Pokazali smo statistički značajan porast ukupnog boja 

leukocita intraoperacijski u odnosu na prijeoperacijske vrijednosti (Z= -3,201, P =0,001), nulti poslijeopera-

cijski dan u odnosu na prijeoperacijske vrijednosti (Z= -5,232, P=0,000) i prvi poslijeoperacijski dan u od-

nosu na prijeoperacijske vrijednosti (Z= -5,185, P=0,000). Dokazali smo jaku pozitivnu i statistički značajnu 

korelaciju između intraoperacijskog ukupnog broja leukocita i duljine boravka u bolnici (r
s
= 0,701, P=0,001). 

Dodatno, dobili smo pozitivnu, statistički značajnu korelaciju između ukupnog broja leukocita prvoga po-

slijeoperacijskog dana i duljine boravka u bolnici (r
s
= 0,428, P=0,009). Naše je istraživanje pokazalo da intra-

operacijski i rani poslijeoperacijski ukupni broj leukocita ima prognostičko značenje u predviđanju produ-

ženog trajanja hospitalizacije u bolesnika s tumorima glave i vrata koji su podvrgnuti disekciji vrata.

Ključne riječi: broj leukocita; tumori glave i vrata; perioperacijsko razdoblje; disekcija vrata; hospitalizacija, 
duljina boravka
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Pulmonary vascular permeability index 
as an indicator of acute lung injury 
in patients with sepsis

Željko Drvar, Dinko Tonković1, Mario Pavlek, Mladen Perić

ABSTRACT - Pulmonary vascular permeability index (PVPI) is becoming interesting as a potentially valu-

able indicator of acute lung injury (ALI) in patients with sepsis. Underlying acute lung injury in sepsis is 

leakage of capillary membrane which is increasingly permeable due to ongoing infl ammatory process. Ob-

jective of the study was assessment of pulmonary vascular permeability index (PVPI) as an indicator of acute 

lung injury (ALI) in patients with sepsis. Patients in ICU were monitored for 7 days aft er undergoing major 

abdominal surgery, during a period of 2 years (2008-2010). Th ere were 38 (25 male, 13 female) patients in 

the tested group, aged 57.68±9.68 years with clinical evidence of acute lung injury and sepsis. Th ere were 39 

(19 male, 20 female) patients in the control group, aged 45.23±10.53 years without clinical evidence of infec-

tion nor acute lung injury. International criteria for sepsis and acute lung injury were applied. Tested varia-

bles: pulmonary vascular permeability index (obtained through PiCCO system), PaO
2
, PaO

2
/FiO

2
, SaO

2
, 

lung compliance, lung resistance, serum albumin level (regarded as an indirect measure of oncotic pressure). 

Patients were evaluated by both APACHE II score (Acute Physiologic And Chronic Health Evaluation) and 

LIS (Lung Injury Score). Th e APACHE II score in the tested group was 34.87±7.5, in contrast to that in the 

control group which was 22.23±1.94. Statistical analysis showed that the tested group patients consistently 

had signifi cantly higher PVPI, lung resistance and LIS score, with lower PaO
2
, PaO

2
/FiO

2
, lung compliance 

and serum albumin levels. Th e acquired data suggests that pulmonary vascular permeability index could be 

a valuable indicator of acute lung injury in patients with sepsis as well as have a potential prognostic value.

Key words: pulmonary vascular permeability index, acute lung injury, sepsis, serum albumin level

Zagreb University Hospital Center, Zagreb, Croatia
1Sveti Duh University Hospital, Zagreb, Croatia

INTRODUCTION

Acute lung injury and ARDS are examples of organ 

failure in sepsis. Despite modern antibiotics, clini-
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cal monitoring, prevention and prophylaxis, intra-
hospital mortality due to sepsis (30.8%) remains 
high (1). In regard to the latter, there is an ongoing 
search for new indicators of organ damage and fail-
ure in sepsis (the lungs in this case).

Certain data, like pulmonary vascular permeability 
index, are nowadays accessible by applying existing 
mathematical and physical models and calculus. 
Specifi cally, it is within the grasp of PiCCO tech-
nology which combines transpulmonary thermo-
dilution and pulse contour analysis (2,3).

Sepsis is defi ned as a systemic infl ammatory re-
sponse of the body to an infection by a certain bio-
logical agent. Without the known biological agent, 
ie. microorganism, it is referred to as SIRS (Sys-
temic Infl ammatory Response Syndrome). Diag-
nosis of SIRS is made by meeting at least two of the 
criteria listed in Table 1.

able due to ongoing infl ammatory process (4). 
Connections of extravascular lung water (EVLW) 
to acute lung injury (ALI) have already been en-
compassed within scientifi c literature (5-7).

As of recent years, pulmonary vascular permeabil-
ity index has become increasingly interesting to 
clinicians as an indicator of lung injury (7,8). It is 
stated as a ratio of EVLW and pulmonary blood 
volume.

Pulmonary vascular permeability index is obtained 
by using PiCCO Pulsion technology that combines 
transpulmonary thermodilution and pulse contour 
analysis. Basically, it is based on Stewart-Hamilton 
equation 

which states that cardiac output is refl ected by the 
rate at which the indicator is being diluted in circu-
lation. Th e indicator is injected into vena cava by a 
central venous catheter and its rate of dilution is 
measured in aorta by an arterial thermodilution 
catheter (PiCCO Pulsiocath).

Two time components are crucial in thermodilu-
tion curve analysis: MTt – Mean Transition time 
and DSt – Down Slope time.

Table 1. SIRS criteria (American College of Chest 
Physicians and Society of Critical Care Medicine)

Temperature <36°C or >38°C

Pulse >90/min

Respiratory rate >20/min or PaCO
2
<4.3kPa 

(32mmHg)

WBC <4×109/L or >12×109/L or >10% 
immature band

Table 2. Acute lung injury/ARDS criteria (American-
European Consensus Conference on Acute Respiratory 
Distress Syndrome).

Acute onset

Predisposing condition (ie. sepsis…)

Bilateral chest X-ray infi ltrates

PaO
2
/FiO

2
 <200mmHg for ARDS, 

PaO
2
/FiO

2
 <300 mm Hg for acute lung injury

No evidence of left  heart failure or PAOP≤18 mm Hg

Acute lung injury most commonly occurs due to 
sepsis. It is characterized by hypoxemia, noncar-
diogenic pulmonary edema, low lung compliance 
and capilary leakage. ARDS (Acute Respiratory 
Distress Syndrome) is a more severe form of acute 
lung injury. Diagnostic criteria for acute lung in-
jury/ARDS are listed in Table 2.

Underlying acute lung injury in sepsis is leakage of 
capillary membrane which is increasingly perme-

Fig. 1. Illustration of MTt (Mean Transition time) 
and DSt (Down Slope time).

By knowing MTt and DSt, it is possible to calculate 
IntraTh oracic Th ermal Volume

ITTV = MTt × CO

(CO – Cardiac Output), and the volume of the 
‘chamber’ in thorax where indicator mixes with 
blood, which is called Pulmonary Th ermal Vol-
ume

PTV = DSt × CO.

Global End Diastolic Volume equals

GEDV = ITTV – PTV.
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Experimentally a connection between ITTV an 
GEDV has been established (3) and is as follows

ITBV = 1.25 × GEDV – 28.4ml.

Extravascular Lung Water equals

EVLW = ITTV – ITBV.

Pulmonary Blood Volume equals

PBV = ITBV – GEDV.

Finally, there is pulmonary vascular permeability 
index

While EVLW is used to quantify water outside lung 
parenchyma and is therefore used as a fl uid bal-
ance guidance indicator, it is already known that 
PVPI refl ects the cause of pulmonary edema (9). 
Further, high pulmonary vascular permeability in-
dex suggests a capillary leak due to infl ammatory 
process.

By reviewing the facts mentioned above, the tested 
group of patients (with acute lung injury due to 
sepsis) was expected to have higher PVPI and lung 
resistance, while PaO

2
, PaO

2
/FiO

2
, lung compli-

ance and serum albumin level was expected to be 
low in respect to control group of patients.

METHODS

Patients in ICU were monitored for 7 days aft er 
undergoing major abdominal surgery, during a pe-
riod of 2 years (2008-2010). Th ere were 38 (25 
male, 13 female) patients in the patient group, aged 
57.68±9.68 years with clinical evidence of acute 
lung injury and sepsis. Th ere were 39 (19 male, 20 
female) patients in the control group, aged 45.23±
10.53 years without clinical evidence of infection 
nor acute lung injury. International criteria for sep-
sis and acute lung injury were applied.

All patients were mechanically ventilated and had 
invasive monitoring of hemodynamics (Dräger In-
fi nity R PiCCO Smart Pod TM 2005 system with 
Pulsiocath 4F arterial catheter placed in femoral 
artery). Hemodynamically instable patients were 
on vasoactive/inotropic support.

Tested variables: pulmonary vascular permeability 
index (PiCCO system), PaO

2
, PaO

2
/FiO

2
, SaO

2
, lung 

compliance, lung resistance, serum albumin level 
(regarded as an indirect measure of oncotic pres-
sure). Variables were measured simultaneously 
twice daily.

Patients were evaluated by both APACHE II score 
(Acute Physiologic And Chronic Health Evalua-
tion) and LIS (Lung Injury Score). APACHE II 

Table 3. Characteristics of patient groups

Group Mean SD Min Max
Percentile

P
25th 50th (Median) 75th

Age (years)
Tested 57.68 9.68 43.00 78.00 51.00 56.00 62.50

<0.001
Control 45.23 10.53 24.00 6900 37.00 44.00 53.00

APACHE II / d 1
Tested 34.87 7.50 22.00 48.00 28.00 37.50 41.00

<0.001
Control 22.23 1.94 18.00 26.00 21.00 22.00 24.00

Duration in ICU 
(days)

Tested 6.29 1.09 3.00 7.00 6.00 7.00 7.00
<0.001

Control 7.00 0.00 7.00 7.00 7.00 7.00 7.00

PaO
2
 / FiO

2

Tested 121.36 53.97 63.10 225.00 74.63 87.50 177.75
<0.001

Control 587.23 39.24 431.00 634.00 576.00 597.00 612.00

Lung compliance
Tested 49.34 23.44 18.00 92.00 28.00 40.00 72.25

<0.001
Control 97.87 13.64 79.00 137.00 89.00 93.00 105.00

Lung resistance
Tested 12.14 3.26 6.90 18.40 8.85 12.60 15.00

<0.001
Control 8.62 2.23 5.00 14.00 7.00 9.00 10.00

LIS score
Tested 3.24 1.49 1.00 7.00 2.50 2.50 3.50

<0.001
Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 4. Pulmonary vascular permeability index through days in ICU

Group Min Max Mean SD
Percentile

P
25th 50th (Median) 75th

PVPI 1
Tested 2.0 4.5 3.1 0.5 2.8 3.1 3.5

<0.001
Control 1.2 2.2 1.6 0.2 1.5 1.6 1.8

PVPI 2
Tested 2.1 5.0 3.4 0.6 2.9 3.3 3.8

<0.001
Control 1.3 2.3 1.7 0.2 1.6 1.7 1.8

PVPI 3
Tested 2.5 8.5 3.9 1.0 3.3 3.6 4.1

<0.001
Control 1.4 2.2 1.8 0.2 1.6 1.8 1.9

PVPI 4
Tested 2.7 6.0 4.0 0.6 3.7 4.0 4.4

<0.001
Control 1.4 2.8 1.9 0.3 1.7 1.9 2.0

PVPI 5
Tested 2.6 5.3 4.1 0.6 3.7 4.1 4.7

<0.001
Control 1.5 2.9 2.0 0.4 1.8 2.0 2.1

PVPI 6
Tested 2.4 6.1 4.2 0.8 3.7 4.3 4.8

<0.001
Control 1.5 3.0 2.1 0.4 1.8 2.0 2.2

PVPI 7
Tested 2.3 6.2 3.7 0.9 3.2 3.6 3.8

<0.001
Control 1.5 2.8 2.0 0.3 1.7 2.0 2.2

Table 5. Partial pressure of oxygen in arterial blood

Group Min Max Mean SD
Percentile

P
25th 50th (Median) 75th

PaO2 1
Tested 10.1 31.1 15.0 4.9 11.3 13.0 16.3 <0.001

Control 27.3 33.9 30.9 1.6 29.9 30.7 32.1

PaO2 2
Tested 9.0 28.2 14.2 4.8 10.9 12.6 14.7 <0.001

Control 20.0 31.7 26.7 3.0 24.3 26.3 28.7

PaO2 3
Tested 8.6 31.0 13.5 4.8 10.9 12.1 13.4 <0.001

Control 18.5 32.5 23.1 3.8 20.3 21.5 26.3

PaO2 4
Tested 8.4 25.2 12.6 3.3 10.9 11.7 13.4 <0.001

Control 15.1 29.8 20.3 4.1 16.9 19.5 21.6

PaO2 5
Tested 9.7 19.6 11.8 1.9 10.6 11.4 12.6 <0.001

Control 13.2 28.6 17.9 4.2 14.8 16.5 18.6

PaO2 6
Tested 8.1 13.7 10.9 1.5 10.1 10.6 11.9 <0.001

Control 12.3 27.5 16.5 4.1 13.7 14.8 17.3

PaO2 7
Tested 8.7 13.2 11.0 1.2 10.1 10.8 12.1 <0.001

Control 11.4 26.4 15.0 3.8 12.5 13.6 16.2

score in the tested group was 34.87±7.5, in contrast 

to the control group where it was 22.23±1.94.

Data were shown in tables and fi gures. Both meas-

ured and calculated data were statistically proc-

essed by independent t-test (quantitative values) 
and hi-square-test with Yates correction (categoric 
values), and by ANCOVA for repeated measures 
controlled for age, gender and APACHE II score 
with regard to the time of measurement.
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Table 6. Oxygen saturation of arterial blood

Group Min Max Mean SD
Percentile

P
25th 50th (Median) 75th

SaO2 1
Tested 0.9 1.0 1.0 0.0 1.0 1.0 1.0 0.556

Control 1.0 1.0 1.0 0.0 1.0 1.0 1.0

SaO2 2
Tested 0.8 1.0 1.0 0.0 1.0 1.0 1.0 0.368

Control 1.0 1.0 1.0 0.0 1.0 1.0 1.0

SaO2 3
Tested 0.8 1.0 1.0 0.0 1.0 1.0 1.0 0.081

Control 1.0 1.0 1.0 0.0 1.0 1.0 1.0

SaO2 4
Tested 0.0 1.0 0.9 0.2 1.0 1.0 1.0 0.078

Control 1.0 1.0 1.0 0.0 1.0 1.0 1.0

SaO2 5
Tested 0.0 1.0 0.9 0.3 0.9 1.0 1.0 0.023

Control 1.0 1.0 1.0 0.0 1.0 1.0 1.0

SaO2 6
Tested 0.0 1.0 0.8 0.4 0.9 0.9 1.0 0.001

Control 1.0 1.0 1.0 0.0 1.0 1.0 1.0

SaO2 7
Tested 0.0 1.0 0.6 0.5 0.0 0.9 1.0 <0.001

Control 1.0 1.0 1.0 0.0 1.0 1.0 1.0

Table 7. Serum albumin levels

Group Min Max Mean SD
Percentile

p
25th 50th (Median) 75th

Albumin 1
Tested 12.3 27.1 17.3 3.5 14.2 17.1 19.7 <0.001

Control 38.7 49.4 44.4 3.1 41.7 43.9 47.2

Albumin 2
Tested 11.4 23.2 16.4 3.1 13.8 15.8 19.2 0.001

Control 38.3 442.7 54.0 63.9 41.3 43.5 46.4

Albumin 3
Tested 10.3 20.4 15.7 2.8 13.4 15.4 18.4 <0.001

Control 38.1 48.5 43.3 2.9 40.7 42.8 45.6

Albumin 4
Tested 10.2 20.1 15.4 2.7 13.1 14.8 18.0 <0.001

Control 37.4 48.2 43.0 3.0 40.9 42.7 45.2

Albumin 5
Tested 10.1 20.1 15.0 2.6 12.8 14.3 17.8 <0.001

Control 37.1 48.4 42.7 3.0 40.6 42.9 44.7

Albumin 6
Tested 11.5 20.2 15.0 2.6 13.0 13.9 17.8 <0.001

Control 36.4 48.3 42.4 3.1 40.2 42.6 44.6

Albumin 7
Tested 12.6 20.3 16.0 2.5 13.4 16.5 18.2 <0.001

Control 35.4 48.4 42.0 3.1 39.5 42.1 44.3

RESULTS

Table 3 shows that the tested group was signifi cant-
ly older and had a higher APACHE II score with 
regard to controls. Likewise, in accordance to LIS 

score, the tested group had lower PaO
2
/FiO

2
, lung 

compliance, and higher lung resistance compared 
to controls.

Table 4 shows pulmonary vascular permeability 
index through days in ICU that was consistently 
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higher in the tested group. Also, PVPI shows a dis-
tinct elevation in the tested group as of day 3.

Table 5 shows partial pressure of oxygen in arterial 
blood; lower values were observed in the tested 
group.

Table 6 shows oxygen saturation of arterial blood; 
lower values were observed in the tested group.

Table 7 shows serum albumin levels; lower values 
were observed in the tested group.

CONCLUSION

Th e data obtained in the study suggests, and is in 
accord with current scientifi c literature, that capil-
lary leak is a leading event in sepsis and sepsis-as-
sociated acute lung injury. As expected, and ex-
plained by leakage of albumin (major proponent 
among other constituents of plasma and indirect 
measure of oncotic pressure) into interstitial and 

intraalveolar space, serum albumin levels were sig-
nifi cantly lower in the tested group.

Accordingly, data shows signifi cant diff erence in 
pulmonary vascular permeability index that was 
higher in the tested group. Th ere is also a signifi -
cant increase in PVPI as of day 3 in ICU, which 
should suggest its possible usefulness as an indica-
tor of severity of acute lung injury in patients with 
sepsis.

Lower values of PaO
2
, PaO

2
/FiO

2
, SaO

2
, lung com-

pliance, and higher values of lung resistance in the 
tested group aditionally help depict variables that 
were observed in the fi rst place: PVPI and serum 
albumin level in patients with acute lung injury 
due to sepsis.
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Pokazatelj plućne vaskularne propusnosti 
kao indikator akutne plućne ozljede u bolesnika 
sa sepsom

SAŽETAK - Kao pokazatelj plućne ozljede posljednjih godina sve zanimljiviji postaje indeks plućne vasku-

larne propusnosti (omjer ekstravaskularne plućne vode i plućnog volumena krvi). U podlozi akutne plućne 

ozljede uzrokovane sepsom ponajprije je upalnim procesima promijenjena kapilarna membrana koja postaje 

izrazito propusna. Promatran je indeks plućne vaskularne propusnosti (PVPI) kao pokazatelj akutne plućne 

ozljede (ALI) u bolesnika sa sepsom. Praćeni su bolesnici nakon velikih abdominalnih operacija, koji su 

tijekom 7 dana boravili u jedinici intenzivnog liječenja u razdoblju od 2008. do 2010. godine. Ispitivana sku-

pina (38 bolesnika, 57,68 ± 9,68 godina – 25 muškaraca i 13 žena) bili su bolesnici s kliničkim i laborato-

rijskim pokazateljima sepse i akutne plućne ozljede (prema međunarodnim odrednicama). Kontrolna skupi-

na (39 bolesnika, 45,23 ± 10,53 godina – 19 muškaraca i 20 žena) bili su bolesnici bez klinički i laboratorijski 

utvrđenog infekta koji nisu imali akutnu plućnu ozljedu. Ispitivane su varijable: indeks plućne vaskularne 

propusnosti (mjeren metodom PiCCO), PaO
2
, PaO

2
/FiO

2
, SaO

2
, propusnost pluća, otpor pluća, koncentra-

cija albumina u serumu - kao neizravni pokazatelj onkotskog tlaka u krvnim žilama). Svi su bolesnici evalui-

rani prema bodovnim ljestvicama APACHE II (Acute Physiologic And Chronic Health Evaluation) i LIS (Lung 

Injury Score). Zbroj bodova prema ljestvici APACHE II bio je 34,87 ± 7,5 u ispitivanoj skupini, a 22,23 ± 1,94 

u kontrolnoj skupini. Utvrđeno je da ispitivana skupina bolesnika ima dosljedno statistički značajno više 

vrijednosti indeksa plućne vaskularne propusnosti, plućnog otpora i zbroja bodova prema ljestvici LIS, uz 

statistički značajno niže vrijednosti PaO
2
, PaO

2
/FiO

2
, plućne propusnosti i koncentracije albumina u seru-

mu. Iz navedenog se može zaključiti da bi indeks plućne vaskularne propusnosti mogao biti pokazatelj akut-

ne plućne ozljede (ALI) u bolesnika sa sepsom, odnosno pokazatelj terapijskog djelovanja u liječenju akutne 

plućne ozljede u bolesnika sa sepsom.

Ključne riječi:  indeks plućne vaskularne propusnosti, akutna plućna ozljeda, sepsa, serumska koncentracija 
albumina
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Th e use of hypertonic-hyperoncotic solution 
for hypovolemic shock in trauma patients 
in prehospital setting

Maja Grba-Bujević, Ingrid Bošan-Kilibarda, Nedjeljko Strikić1

ABSTRACT - Trauma is the leading cause of mortality in young population of developed countries. Trauma 

frequently leads to the development of hypovolemic shock, including hemorrhagic shock, characterized by 

massive loss of the circulating volume below the level of vascular system adjustability. Vital organ perfusion 

is reduced with a blood loss greater than 35% because perfusion pressure cannot be maintained even with 

maximum vascular wall contraction. Th e aim of the study was assess the eff ect of hypertonic-hyperoncotic 

solution on changes in hemodynamic and respiratory parameters and scores (GCS, rTS) in trauma patients 

during management of hypovolemic-hemorrhagic shock in prehospital setting. Th e study included 50 in-

jured subjects aged 18 - 60 years who met hypovolemic-hemorrhagic shock criteria, with defi nitive signs of 

external or internal hemorrhage, managed in prehospital conditions, and randomly divided into two groups 

of 25 subjects. Group 1 was administered 7.5% sodium chloride solution (4 mL/kg), followed by 500 mL col-

loid solution of 10% hydroxyethyl starch; and group 2 was administered 2000 mL crystalloid. Statistical 

analysis of study parameters yielded a statistically signifi cant diff erence in the increase recorded in the mean 

values of systolic, diastolic and mean arterial blood pressure and peripheral oxygen saturation, as well as in 

the decrease recorded in the mean values of pulse rate and respiration rate in group 1. Comparison of the 

GCS and rTS values showed no statistically signifi cant between-group diff erences. Results of the study pro-

vided a basis for additional clinical studies that should clarify controversies about the type of intravenous 

solution to be used for hypovolemic shock in prehospital setting.

Key words: hypovolemic shock, hypertonic-hyperoncotic solution, prehospital setting

Croatian Institute of Emergency Medicine, Zagreb, Croatia
1Department of Surgery, Karlovac General Hospital, Karlovac, Croatia



22

Su
p

p
l.

 2
, 2

0
1

2

M. Grba-Bujević et al. Hypertonic–hyperoncotic solution for hypovolemic shock Neurol Croat Vol. 61, Suppl. 2, 2012

INTRODUCTION

Trauma is the leading cause of mortality in young 
population of developed countries. In prehospital 
settings, trauma results in hypovolemic shock due 
to macrovascular hemorrhage, gastrointestinal ble-
eding, traumatic lesions of the spleen or liver, ab-
dominal aorta rupture, and plasma loss in burns. 
Th e loss of circulating volume below the level of 
vascular system adjustability is a major character-
istic of hypovolemic shock, including hemorrhagic 
shock and its subtypes. Perfusion of vital organs is 
reduced with blood loss exceeding 35% because 
perfusion pressure cannot be maintained even with 
maximum vascular wall contraction. Th erefore, at-
tention is increasingly focused on prehospital man-
agement of hypovolemia and hypotension in order 
to reduce mortality due to hypovolemic shock.

Th e aim of the study was to assess the eff ect of us-
ing hypertonic - hyperoncotic solution on changes 
in hemodynamic and respiratory parameters, and 
on the Glasgow Coma Scale (GCS) and revised 
Trauma Scale (rTS) scores during management of 
hypovolemic-hemorrhagic shock in trauma pa-
tients in prehospital setting.

PATIENTS AND METHODS

Th is prospective study included trauma patients 
who met the criteria for hemorrhagic-hypovolemic 
shock, with defi nitive signs of external or internal 
hemorrhage in a prehospital setting. Th e Protocol 
for Use of Resuscitation Solutions in Prehospital 
Setting was applied. Th e Protocol implies systolic 
blood pressure ≤90 mm Hg (SAP <90 mm Hg) and 
placement of two broad-lumen peripheral vein 
cannulas (14-16 G).

Study patients aged 18 - 60 were randomly divided 
into two groups of 25 subjects. In group 1, volume 
replacement was initiated with the administration 
of 7.5% sodium chloride (NaCl) solution at a dose 
of 4 mL/kg body weight, followed by 500 mL col-
loid solution of 10% hydroxyethyl starch. In group 
2, volume replacement was initiated with 200 mL 
of 0.9% NaCl solution. Th e following parameters 
were measured: blood pressure, pulse rate, periph-
eral oxygen saturation, and respiration rate on fi ve 
measurements: 1) initial measurement; 2) at infu-
sion introduction; 3) 10 minutes of infusion intro-
duction; 4) 20 minutes of infusion introduction; 
and 5) on arrival to hospital. Th ese parameters 
were measured automatically on a Lifepak 12 
(Medtronic Physiocontrol) device, while GCS and 

rTS were calculated on two occasions, i.e. initially 
and on arrival to hospital. Transport to hospital 
took more than 30 minutes.

Th e Statistica, version 6.0 soft ware (StatSoft , Inc., 
Tulsa, OK, USA) using the Basic Statistics and Ta-
ble modules, nonparametric statistics and ANOVA 
were employed for statistical analysis.

RESULTS

Th e study included 50 patients aged 18 - 60, ran-
domly divided into two groups of 25 subjects. 
Group 1 patients were administered 7.5% NaCl 
 solution (4 mL/kg) followed by 500 mL colloid so-
lution of 10% hydroxyethyl starch. Group 2 pa-
tients were administered 2000 mL crystalloid.

Th e analysis included mean values of systolic, di-
astolic and mean arterial pressure, peripheral oxy-
gen saturation, pulse rate and respiration rate re-
corded on fi ve occasions, and mean values of GCS 
and rTS recorded on two occasions in both patient 
groups. Th e mean values of the study parameters 
were compared between the two groups in order to 
identify which therapeutic option proved more ef-
fi cient in the given conditions.

Statistical analysis of the study parameters yielded 
a statistically signifi cant diff erence in the increase 
of systolic, diastolic and mean arterial pressure and 
peripheral oxygen saturation, as well as in the de-
crease of pulse rate and respiration rate in group 1. 
Comparison of the GCS and rTS values showed no 
statistically signifi cant between-group diff erence.

DISCUSSION

Th e use of low volume hypertonic NaCl solu-
tion (3%-7.5%) is a relatively new clinical approach 
in the management of hemorrhagic-hypovolemic 
shock in prehospital setting. Th e basic mechanism 
of action of the hypertonic NaCl solution (1.5%-
24%) is abrupt increase in sodium concentration 
and transmembrane osmotic gradient, resulting in 
fast mobilization of endogenous water from en-
dothelium, corpuscular blood elements and inter-
stitium, which in turn leads to rapid expansion of 
intravascular volume through the eff ect of osmo-
sis. A major role is probably also played by direct 
stimulation of the myocardium and central nerv-
ous system, neurogenic refl ex mechanism, increa-
sed sympathetic activity, hormone release, normal-
ization of the vascular smooth muscle function, 
eicosanoids, and other mechanisms. Th is is accom-
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panied by a direct vasodilatatory eff ect upon sys-
temic and pulmonary circulation, with a favorable 
inotropic eff ect. Th e endothelial and red blood cell 
edema is reduced, thus improving capillary blood 
fl ow. Reperfusion of the previously ischemic areas 
is driven by vasodilatation, so that reduction can 
be expected in the adverse eff ects of the ischemia-
reperfusion process. A number of eff ects of hyper-
tonic preparations on the immune system have 
been gradually discovered (1,2).

Because of its hypertonic nature, the solution is ad-
ministered fast and in a small volume (4 mL/kg 
body weight) via peripheral vein. Th at is why this 
therapeutic option is called ‘low volume resuscita-
tion’. Th e pharmacodynamic eff ect of hypertonic 
NaCl solution is transient due to its short intravas-
cular half-life. In our patients, the administration 
of 7.5% NaCl solution was followed by the infusion 
of hyperoncotic solution (dextran or hydroxyethyl 
starch) to prolong and maintain the desired eff ect 
of blood pressure increase induced by hypertonic 
solution. Th e administration of hypertonic NaCl 
solution results in plasma volume increase by 600 
to 1000 mL, which corresponds to the use of 3 L 
crystalloid of which two-thirds enter tissues and 
cause tissue edema. Th e increased intravascular 
volume leads to an increased venous fl ow to the 
heart. Upon administration of 4 mL/kg body 
weight of 2400 mOsm/L NaCl and NaCl/6% dex-
tran, blood volume increases by 8-12 mL/kg (3,4).

Th e cardiac minute volume and nutritive blood 
fl ow during hemorrhagic shock are restored by the 
addition of the colloid (dextran, hydroxyethyl 
starch). Nutritive blood fl ow increases signifi cantly 
as early as fi ve minutes aft er hypertonic-hyper-
oncotic solution administration, while peripheral 
shunt is reduced to values below those recorded 
before hemorrhagic shock. Full recovery of the nu-
tritive blood fl ow was recorded in the kidneys, gas-
tric mucosa, pancreas, small intestine, colon and 
myocardium (4,5). Global hemodynamic para-
meters remained unchanged in spite of adding 
dextran to hypertonic NaCl solution. However, re-
gional fl ow was considerably lower aft er the use of 
hypertonic NaCl solution alone, without colloid, 
than aft er the use of both hypertonic solution and 
colloid. Accordingly, the addition of colloid does 
not only improve and prolong the overall and re-
gional hemodynamic eff ects, but also has a major 
impact on microcirculation. High colloid concen-
trations increase plasma volume and blood vis-
cosity. Th e ideal colloid concentration in the prep-
aration is not known. Cellular and organ dysfunc-
tion is consequential to impaired microcirculation. 

Th ese solutions improve blood fl ow through non-
perfused ischemic tissues, as well as oxygen supply 
and oxygen consumption (5). Reversible changes 
of cell organelles were also observed aft er the use 
of hypertonic-hyperoncotic solutions. Pathologic 
leukocyte-endothelial interaction is also reduced, 
thus decreasing degranulation and cascade activa-
tion. Th ese interactions result in endothelial dam-
age due to free radical formation, with increased 
oxygen consumption as the end result (6,7). Hy-
peroncotic solution preparations with dextran and 
hydroxyethyl starch are currently used in clinical 
practice.

CONCLUSION

Maintaining circulating volume is essential in the 
management of uncompensated irreversible shock 
in severely hypovolemic patients. In these patients, 
prolonged and inadequate volume replacement 
leads to fatal consequences for organ function, i.e. 
multiorgan dysfunction. Th erefore, the aim is to 
maintain macro- and micro-hemodynamics, while 
avoiding excessive fl uid accumulation in the inter-
stitium.

Th e type of intravenous solution to be adminis-
tered to hypovolemic patient remains controver-
sial. In practice, it is usually initiated with 1500-
2000 mL crystalloid, followed by volume replace-
ment with colloid solutions. Hypotonic solutions 
are not given due to the risk of interstitial volume 
overload. Clinical signs and noninvasive monitor-
ing of vital functions are used as endpoints for 
ideal volume replacement.

Th e results of this study may serve as a basis for 
additional clinical studies that should clarify con-
troversies about the type of intravenous solution to 
be used in the management of hypovolemic shock 
in prehospital setting.
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Upotreba hipertoničke-hiperonkotske tekućine 
za hipovolemički šok ozlijeđenih osoba 
u izvanbolničkim uvjetima

SAŽETAK - U osoba mlađe životne dobi u razvijenim zemljama traumatizam je vodeći uzrok mortaliteta. 

Posljedica traume često je razvoj hipovolemičkog šoka, u koji pripada i hemoragijski, za koji je značajan gu-

bitak cirkulirajućeg volumena ispod razine prilagodbe krvožilnog sustava. Perfuzija vitalnih organa smanjuje 

se ako je gubitak krvi veći od 35% jer se tada niti uz maksimalnu kontrakciju stijenke krvnih žila ne može 

održati perfuzijski tlak. Cilj istraživanja je neinvazivnim metodama utvrditi utjecaj primjene hipertonično 

– hiperonkotske tekućine na promjene hemodinamskih i respiracijskih parametara te vrijednosti ljestvica 

(GCS, rTS) u ozlijeđenih osoba tijekom liječenja hipovolemičko-hemoragijskog šoka u izvanbolničkim uvje-

tima. Prospektivnom studijom obuhvaćeno je 50 ispitanika (ozljeđenika) životne dobi od 18 do 60 godina 

koji su, u izvanbolničkim uvjetima, udovoljavali kriterijima hemoragijsko - hipovolemičkog šoka sa sigur-

nim znakovima vanjskog ili unutarnjeg krvarenja. Ispitanici su randomizacijom bili podijeljeni u dvije sku-

pine po 25 pojedinaca. Jedna skupina (skupina 1.) bila je liječena primjenom 7,5%-tnog NaCl (4 mL/kg) 

poslije koje je primijenjeno i 500 mL koloidne otopine 10%-tnog hidroksietilnog škroba. Druga je skupina 

(skupina 2.) liječena primjenom 2000 mL kristaloida. Statističkom analizom praćenih parametara utvrđena 

je statistički značajna razlika u porastu vrijednosti sistoličkoga, dijastoličkoga, srednjeg arterijskoga krvnog 

tlaka i perifernog zasićenja kisikom te statistički značajna razlika u padu vrijednosti pulsa i učestalosti di-

sanja u skupini 1. Usporedba dobivenih vrijednosti GCS i rTS nije pokazala statistički značajne razlike 

između ispitivanih skupina. Rezultati ove studije dobra su osnova za daljnja klinička istraživanja s ciljem 

rješavanja prijepora o vrsti intravenske otopine koju valja primijeniti kod hipovolemičkog šoka u izvan-

bolničkim uvjetima.

Ključne riječi: hipovolemički šok, hipertonično-hiperonkotska otopina, izvanbolnički uvjeti
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Eff ects of restrictive and standard 
perioperative fl uid balance on central venous 
saturation and lactate concentration

Robert Baronica, Dinko Tonković1, Željko Drvar, Daniela Bandić Pavlović, 
Tajana Zah, Koraljka Bačić Baronica2

ABSTRACT - Purpose of this study was comparison of restrictive and standard fl uid management during 

and aft er major abdominal surgery, and estimation of their eff ects on central venous oxygen saturation 

(ScVO2) and lactate concentration. Th e study was prospective and randomized and 50 American Society of 

Anesthesiologists (ASA) Class I and II patients were allocated into Standard (S) or Restrictive (R) group. 

Volume administration in two groups was adjusted according to restrictive and standard protocol. ScVO2 

and lactic acid concentrations were recorded before surgical incision, at the end of the procedure and on the 

following day. Patients in the R - group received lower amount of cristalloid and total fl uid volume during the 

procedure (p<0.01) and the fi rst operative day (p<0.05). Oxygen saturation of hemoglobin in arterial blood 

(SaO
2
) showed no statistically signifi cant diff erences in three measurements. ScVO2 was higher in R - group 

at the beginning of the procedure (p<0.05). At the end of the procedure and aft er the fi rst operative day, sta-

tistical diff erences in ScVO2 was not found. Concentration of lactate was higher in the S - group at the end 

of the procedure (p<0.05). Both fl uid regimens showed comparable global and tissue oxygenation. Th e diff e-

rences found in ScVO2 and lactate concentration may be of clinical value because they were within normal 

physiologic limits.

Key words: fl uid management, major abdominal surgery, global and tissue oxygenation

Department of Anesthesiology, Reanimatology and In-
tensive Care, Zagreb University Hospital Centre, Za-
greb, Croatia
1University Department of Anesthesiology, Sveti Duh 
University Hospital, Zagreb, Croatia
2University Department of Neurology, Sveti Duh Uni-
versity Hospital, Zagreb, Croatia

INTRODUCTION

Major abdominal surgery is related to long and 

complicated procedures with large fl uid changes 

between body compartments. In such procedures, 
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appropriate fl uid management is one of the most 
important goals (1,2). Standard fl uid management 
protocols include large fl uid volumes to avoid 
dehydration and keep normal circulatory volume, 
blood pressure, tissue perfusion and organ func-
tion (2,3). Th ese protocols rely on studies concer-
ning reduction in a functional extracellular com-
partment related to the degree of surgical trauma 
and to clinical experience with traumatized pati-
ents (4,5).

Better understanding of body fl uid physiology in 
the last decade has revealed the negative eff ects of 
perioperative fl uid excess and suggests a positive 
outcome of fl uid restriction during major surgery 
(6,9). Th e routine administration of large fl uid vo-
lumes due to the ‘third space’ concept, insensible 
perspiration and usual fasting became questiona-
ble issues (10). Negative eff ects of fl uid excess in-
clude increased demands on cardiac function, fl uid 
accumulation in the lungs, increased excretory de-
mands of the kidney, urinary retention, inhibited 
gastrointestinal motility, decreased tissue oxygena-
tion and enhanced coagulation (11).

Th e blood sample taken from the superior vena 
cava through central venous catheter represents 
oxygen saturation from the upper parts of the body 
and the brain. Th e blood sample taken from the 
pulmonary artery by pulmonary artery catheter re-
presents mixed oxygen saturation (SVO

2
) from the 

lower parts of the body, hepatosplahnic region and 
kidneys. Th ere is a close agreement between ScVO

2 

and SVO
2
 (12,13). In healthy subjects, ScVO

2 
is sli-

ghtly lower (76.8%) compared to SVO
2 
(78.4%) be-

cause of higher oxygen levels in inferior vena cava.

In hemodinamically unstable patients, SVO
2
 was 

lower in comparison to ScVO
2 
because of reduced 

fl ow in renal and hepatosplanchnic circulation. 
Due to lower costs and morbidity, the monitoring 
of the ScVO

2
 has gained popularity over monito-

ring of the SVO
2
 in evaluation of the global balance 

between systemic oxygen delivery (DO
2
) and sy-

stemic oxygen uptake (VO
2
) (14). Lower values of 

the ScVO
2
/SVO

2 
can be found in conditions of 

lower cardiac output (CO), hemoglobin concen-
tration, SaO

2
 and higher VO

2
. Higher values of the 

ScVO
2
/SVO

2 
can be found in conditions of higher 

CO, lower systemic vascular resistance and distri-
butional changes in periferal blood (sepsis) (12,14). 
Th e monitoring of blood lactate levels is the most 
widely used method of evaluating tissue oxygen 
balance and detecting global tissue dysoxia. Incre-
ased lactate concentrations may be a sign of dysoxia 
and anerobic metabolism (14).

PATIENTS AND METHODS

Patients

Study protocol and patients’ informed consent 
form were approved by the Ethics Committee of 
University Hospital Centre Zagreb. 50 patients 
were prospectively included in the study aft er si-
gned informed consent and allocated into S or R 
group using the Excel computer program. Inclusi-
on criteria were: ASA Class I and II patients, su-
bjected to elective, major, abdominal procedures, 
ages over 18 and under 75 years. Exclusion criteria 
were ASA Class III and IV patients; adipose with 
body mass index >40 kg/m2; patients with chronic 
renal dysfunction, cardiac arrhythmias and coagu-
lation disorders.

Anesthesia procedure

In the preoperative period, patients did not receive 
bowel preparation and were encouraged to drink a 
large amount of clear fl uids. Th ey received low mo-
lecular heparin thromboprophylaxis, sedation with 
midazolam or diazepam and antibiotic prophylaxis. 
General anesthesia was induced with thiopental or 
propofol, sufentanyl and vecuronium in usual re-
commended doses. Anesthesia was maintained 
with mixture of oxygen, air and isofl urane or sevo-
fl urane at the value of 1 minimal alveolar concen-
tration. Inspired oxygen fraction (FiO

2
) was 1 be-

fore endotracheal intubation. Aft er endotracheal 
intubation, FiO

2
 was reduced to 0.5 and returned 

to 1 before extubation. In most patients, Drager 
Zeus anesthesia machine with closed system and 
automatic fl ow was used. Low fl ow anesthesia with 
Drager Primus anesthesia machine was used in 
some patients. Ventilation was maintained at the 
end-tidal carbon dioxide between 30 and 40 mmHg. 
Boluses of sufentanyl and vecuronium were admi-
nistered on a regular basis. Catheterization of an 
internal jugular or subclavian vein was performed 
aft er the induction of anesthesia. Most patients 
were extubated in the operating room. All patients 
were admitted to the Intensive Care Unit (ICU) in 
the postoperative period.

Volume protocols and hemodynamic stability

During the surgical procedure, Ringer’s solution, 
lactated Ringer’s solution, 6% hydroxyethyl starch 
(6% HAES) and Voluven were administered in 
both groups according to fl uid management proto-
cols. In the S-group, basal metabolic needs, third 
space losses, and insensible perspiration initiated 
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infusion of 11.5 mL/kg/h of cristalloids. In the R-
group, initial infusion amount of 1.5 mL/kg/h of 
cristalloids did not suffi  ce for third space losses 
and insensible perspiration. In both groups, diure-
sis was replaced by cristalloid solution on a volu-
me-to-volume basis, and blood losses were repla-
ced by coloid solution on a volume-to-volume 
 basis. Hemoglobin concentration of 80 - 85 g/L in-
dicated blood transfusion on a volume-to-volume 
basis. Fresh frozen plasma was administered in a 
case of uncontrolled, diff use bleeding. Sistolic blo-
od pressure below 90 mmHg or mean arterial pres-
sure below 60 mmHg indicated administration of 
additional cristalloid boluses of 250 mL. If blood 
pressure could not be corrected with 1500 mL of 
cristalloids, colloid infusion was started simultane-
ously. Aft er 1000 mL of colloids, vasoactive phar-
macologic therapy with ephedrine or norepine-
phrine was administered. High blood pressure and 
tachycardia were regulated by increased concen-
trations of inhalational anesthetic or by antihyper-
tensive drugs such as urapidil and nitroglycerine. 
A cristalloid bolus of 250 mL was administered for 
every hour of decreased urine output (< 0.5 mL/
kg/h). Postoperative volume administration in 
both groups was managed by a physician blinded 
to which group a patient was randomized.

Measurements

ScVO2 and lactic acid concentration were recor-
ded fi rst time aft er the endotracheal intubation and 
before surgical incision. Th ey were recorded se-
cond time at the end of the procedure, aft er the 
surgical skin closure, and third time in the mor-
ning of the following day.

Statistical analysis

Descriptive statistic was used for the description of 
the total investigated population. T-test was used 
for testing diff erences between groups where their 
data distributions have fulfi lled the rough criteria 
of normal distribution. Median test was used for 
testing diff erences between groups whose variables 
were asymmetric and who stood out from normal 
distribution severely. Th e signifi cance level of 5% 
was set up. Analysis was performed by using Excel.

RESULTS AND DISCUSSION

Demographic data concerning age, gender, sex and 
ASA status were similar in both groups. Duration 
of the surgical procedures was longer in the S-gro-

up (p < 0.05). Surgical complications in some pati-
ents in the S-group could have contributed to the 
statistically longer duration of the procedures. We 
cannot link longer surgery procedures in the S-
group with the volume management (Table 1).

Table 1. Characteristics of patients and surgical 
procedures 

Variables S-group n=25 R-group n=25

Patients

Age, years 63.4±12 62±10.8

Sex, / (%)
ASA (n)

12/13 (48/52)
II (25)

8/17(32/68)
I (4), II (21)

Height, cm 168.8±10.4 172.6±10.2

Weight, kg
Duration of 
surgery, min

75±14.6
257±87, M 240

78.6±13.7
224±57, M 210†

Data are presented as a mean ±SD, median (M) 
or numbers (n) and percentages (%). ASA, American 
Society of Anesthesiologists; †p<0.05

Th e total amount of fl uid volume administered in 
the S-group during the procedure was higher than 
in the R-group (p < 0.01). More cristalloids were 
administered in the S-group compared to the R-
group (p < 0.01). Th ere were no statistically signifi -
cant diff erences in the administration of colloids. 
Fluid volume administered in the S-group during 
the procedure corresponds to standard, recom-
mended clinical practice which suggests 10 - 15 
mL/kg/h for major abdominal surgery (2). Fluid 
volumes administered in the R-group correspond 
to the volumes used in studies with restrictive pro-
tocols (6,9). During the early postoperative period 
in ICU, there were no statistically signifi cant diff e-
rences in the volume of administered fl uids. At the 
end of the fi rst operative day, a diff erence in the 
total amount of administered fl uids, including cri-
stalloids and colloids, still existed (p<0.05). Increa-
sed amount of fl uids in both groups on the fi rst 
operative day in our study, compared to similar 
studies, was primarily the result of the larger and 
uniformed postoperative fl uid administration (Ta-
ble 2).

Th ere were no statistically signifi cant diff erences 
between the two groups in the SaO

2 
aft er three me-

asurements. At the beginning of the procedure, 
ScVO

2
 was higher in the R-group (p<0.05). At the 

end of the procedure and aft er the fi rst operative 
day, this diff erence was not found. SaO

2 
and ScVO

2 

values were slightly higher in both groups at the 
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beginning and at the end of the procedure primari-
ly because of the higher FiO

2 
during the induction 

of anesthesia and awakening from anesthesia. Sta-
tistically higher ScVO

2
 value (p<0.05) found in the 

R-group at the beginning of the procedure was 
probably related to the FiO

2 
changes from 100% to 

50% during sample collection (possibly higher 
FiO

2 
was present in some patients). We believe that 

this diff erence has no clinical value.
 
Diff erences in 

the ScVO
2 
were not found at the end of the proce-

dure and at the end of the fi rst operative day, which 
leads to the conclusion that global oxygenation ba-
lance was similar in both groups. At the end of the 
procedure, statistically signifi cant diff erence was 
found in the concentration of the blood lactic acid, 
with higher values in the S-group (p < 0.05). It is 
not likely that such result is clinically important 
because the levels in both groups were within nor-
mal range, and we cannot conclude that tissue oxy-
genation was impaired (Table 3).

Th e main objection in this study is related to the 
absence of strict fl uid management protocol in the 
postoperative period. Changes in FiO

2 
during in-

duction and awakening from anesthesia could af-
fect results. Investigated population was relatively 
healthy. Patients with more comorbidities may be 
more sensitive to volume alterations and diff erent 
fl uid management regimes.

CONCLUSION

Both fl uid management regimens maintained com-
parable global and tissue oxygenation. Studies with 
precise fl uid management protocols during the en-
tire perioperative period, larger number and diff er-
ent category of patients are required for defi nitive 
recommendations concerning optimization of glo-
bal and tissue oxygen balance.

List of abbreviations

American Society of Anesthesiologists – ASA, Ar-
terial oxygen saturation – SaO

2
, Central venous 

oxygen saturation - ScVO2, Cardiac output – CO, 
Inspired oxygen fraction - FiO

2
, Intensive Care 

Unit – ICU, Restrictive group – R-group, Standard 
group – S-group , Systemic oxygen delivery - DO

2
, 

Systemic oxygen uptake -VO
2
, Mixed oxygen satu-

ration - SVO
2
, 6% hydroxyethyl starch - 6% HAES
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Učinci restriktivnog i standardnog načina 
perioperativne volumne nadoknade na središnju 
vensku zasićenost i koncentraciju laktata

SAŽETAK - U istraživanju su se usporedili učinci restriktivnog i standardnog načina volumne nadoknade 

tijekom velikih abdominalnih operacijskih zahvata na središnju vensku zasićenost hemoglobina kisikom 

(ScVO2) i koncentraciju laktata. Provedeno je prospektivno i randomizirano istraživanje u kojem je uključeno 

50 bolesnika, čiji je stupanj operacijskog rizika, prema Američkom društvu anesteziologa (ASA), procjenjen 

kao ASA I i ASA II. Bolesnici su raspoređeni u Standardnu (S) i Restriktivnu (R) skupinu, a volumna na-

doknada u svakoj skupini primjenjivana je prema unaprijed utvrđenom protokolu. ScVO2 i koncentracija 

laktata zabilježeni su prije kirurške incizije, na kraju operacijskog zahvata i slijedeći dan ujutro. Bolesnici u R 

– skupini primili su manju količinu kristaloidnih otopina i manju ukupnu količinu otopina tijekom zahvata 

(p<0,01) i tijekom prvog operacijskog dana (p<0,05). Zasićenost hemoglobina kisikom u arterijskoj krvi 

(SaO
2
) nije pokazala statistički značajne razlike u tri mjerenja između skupina. ScVO2 je bila veća u R – sku-

pini na početku zahvata (p<0,05). Na kraju zahvata i nakon prvog operacijskog dana statistički značajne 

razlike u ScVO2 nisu nađene. Koncentracija laktata bila je veća u S – skupini na kraju zahvata (p<0,05). Oba 

načina volumne nadoknade imala su slične učinke na globalnu i tkivnu oksigenaciju. Razlike koje su nađene 

u ScVO2 i koncentraciji laktata vjerojatno nemaju kliničke učinke budući da su bile unutar normalnih 

fi zioloških granica.

Ključne riječi: nadoknada tekućine, veliki abdominalni kirurški zahvati, globalna i tkivna oksigenacija
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Toxic epidermal necrolysis due to 
lamotrigine

Marin Pavlov, Željko Vučičević, Luka Rotkvić, Vesna Degoricija1

ABSTRACT - Th e authors present a case of toxic epidermal necrolysis due to treatment with lamotrigine. 

Among other known adverse eff ects of lamotrigine, toxic epidermal necrolysis is potentially the most severe. 

A 49-year-old male was admitted to medical intensive care unit for treatment of severe necrolysis. Beside 

supportive measures, withdrawal of culprit drug and topical dermatologic treatment, intravenous immu-

noglobulins and cyclophosphamide were initiated. A lesion swab and one blood culture were positive for 

Staphylococcus aureus, and therefore ex juvantibus treatment with cephazoline was continued. Th e course of 

the disease was preferrable, no major complications occurred. Th e authors would like to stress several con-

siderations that evolved during treatment. Although not completely advisable, the treatmet of toxic epider-

mal necrolysis within medical intensive care unit can be safe and without additional complications, if guide-

lines for preventing hospital infections are strictly adhered to. Th ere is scarce amount of evidence-based 

recommendations for toxic epidermal necrolysis treatment, with intravenous immunoglobulins and cy-

closporin being most commonly documented. When considering lamotrigine treatment, slow dose escala-

tion and low initial dose should be obligatory. Any cutaneous reaction during lamotrigine treatment should 

be evaluated and toxic epidermal necrolysis excluded. Treatment of such cases should include multidiscipli-

nary approach.

Key words:  toxic epidermal necrolysis; lamotrigine; intravenous immunoglobulins; cyclosporine; 
cyclophosphamide

INTRODUCTION

Toxic epidermal necrolysis (TEN) is a specifi c drug 
hypersensitivity reaction with mucocutaneous in-
volvement. Recently it has been classifi ed as the 
most developed form of the disease with epidermal 

Department of Medicine, Division of Emergency and 
Intensive Care Medicine, Sestre milosrdnice University 
Hospital Center, Zagreb, Croatia
1University of Zagreb, School of Medicine and Depart-
ment of Medicine, Division of Emergency and Intensive 
Care Medicine, Sestre milosrdnice University Hospital 
Center, Zagreb, Croatia
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detachment aff ecting over 30% of the skin area; 
other two forms with < 10% and 10-30% of the skin 
area involved are Stevens-Johnsons syndrome (SJS) 
and SJS/TEN overlap syndrome (1). Th e disease is 
rare with combined incidence (together with SJS 
and SJS/TEN overlap) just under 2 cases per mil-
lion inhabitants per year (2). It is, however, charac-
terized with rapid onset, fast development and 
mortality exceeding 25-35% even under optimal 
treatment. Th e pathogenesis involves extreme cel-
lular immune reaction with cytotoxic T-lympho-
cyte reaction against skin (3). Th e role of a secre-
tory protein granulysis in induction of keratinocyte 
death in patients with TEN has been defi ned re-
cently. Drugs are almost exclusive cause of TEN, 
the most common culprit drugs being allopurinol, 
antibiotics (sulfonamide-antibiotics, aminopeni-
cillins, quinolons, cephalosporins) and anti-epi-
leptics (carbamazepine, lamotrigine, valproic acid, 
phenobarbital). Th e typical skin presentation is 
large confl uating erythematous or livid macules, 
with bullae formation and subsequent develop-
ment of epidermal detachment (4). Initial sites of 
appearance are trunk and face. Almost all mucous 
membranes can be aff ected, but involvement of bu-
cal, genital and oral mucosa occurs most common-
ly. Around 50% of survivors suff er from some form 
of chronic sequelae (1,5). Treatment options in-
clude immediate exclusion of incriminated drug, 
supportive care and immunomodulating agents. 
Th e largest amount of evidence supports the use of 
high dose intravenous immunoglobulins (IVIG) 
and cyclosporine (1,6). Other treatment options 
include corticosteroids, cyclophosphamide, plas-
mapheresis, anti TNF alpha (1).

Lamotrigine is a widely used anti-epileptic drug 
with indication in bipolar disorder and in trigemi-
nal neuralgia. Its known adverse eff ects include 
blood discrasias (most commonly leukopenia), 
dermatologic eruptions (erythema multiforme, 
SJS, TEN) and hepatic failure. Skin eruptions tend 
to be more serious when lamotrigine is adminis-
tered with valproate (7). It is mostly excreted via 
kidneys, the elimination half-life being 1-3 days. 
We present a case of TEN due to the use of lamot-
rigine.

CASE PRESENTATION

MO, a male aged 49 was admitted to local psychi-
atric in-patient clinic aft er attempting suicide with 
a large amount of drugs, predominantly benzodi-
azepines. His medical history included chronic al-
coholism, and wartime post traumatic stress disor-

der unsuccessfully treated for several years. He 
used no regular drugs although he was prescribed 
5 mg diazepam daily. He is a smoker.

Upon admittance he was diagnosed with organic 
psychosis and chronic alcoholism. During treat-
ment at the psychiatric department he was moti-
vated for treatment, with improvement in the psy-
chological aspects and with regression of psychosis 
symptoms under drug treatment. No obvious 
physical problems were observed until end of the 
treatment. During the 3-month treatment period a 
number of psycho-active drugs were initiated: di-
azepam, promazine, lamotrigine, quetiapine, ha-
loperidol, zolpidem. On day 102, lamotrigine was 
started in daily dose of 50 mg a day, which was 
later escalated to 100 mg aft er one week and then 
to 200 mg daily (the maximum daily dose) aft er 
another week. On day 123, a small macular rash 
was observed aff ecting trunk and face. Th e initial 
diagnosis by consulting dermatologist was allergic 
reaction to drug, and antiallergic therapy was in-
troduced: chloropiramin (20 mg intramuscularly 
once a day) and methylprednisolone (80 mg intra-
venously once a day). Th e rash progressed follow-
ing 3-day-treatment regimen, covering an estimat-
ed area of 40% percent of total skin surface. Th e 
macules grew in size and became coalescent, oc-
casionally a detachment of epidermal layer and 
blistering were observed. A preliminary diagnosis 
of toxic epidermal necrolysis was established and 
the patient was referred to Dermatology Division 
of Sestre milosrdnice University Hospital Center 
(SMUHC). A decision was made to transfer the pa-
tient to the medical intensive care unit (ICU).

Upon admittance to the ICU, the patient was alert, 
in adequate verbal contact, with blood pressure 
measuring 140/95 mmHg, heart rate of 87/min, 
normal body temperature, slightly dehydrated, 
central venous pressure (CVP) of 6 cm H

2
O, pros-

trated, with macular lesions aff ecting around 50% 
of skin. Th ere were numerous bullae fi lled with 
bright yellowish liquid and large areas of epidermal 
detachment covering over 30% of total skin area, 
mostly in truncal area and lower extremities (Fig. 
1). His lips were escharotic, there were large defects 
of bucal mucosa and on glans penis, while eyes and 
upper airways were spared (Fig. 2). No hematuria, 
melena, hematochezia, as well as hemoptysis were 
observed.

Blood samples were taken for cultures and labora-
tory data. Methicillin sensitive Staphylococcus au-
reus (MSSA) was isolated from blood, as well as 
from swab of one bullae. Empiric treatment with 4 
g cephalexine divided in 4 doses was thus contin-



33

Su
p

p
l. 2

, 2
0

1
2

Neurol Croat Vol. 61, Suppl. 2, 2012 M. Pavlov et al. Toxic epidermal necrolysis

ued according to antibiogram. Th roughout the 
whole treatment, leukocyte count remained low, 
while C-reactive protein levels gradually increased 
to the maximum level of 74.1 mg/L on the 9th day 
of the ICU treatment. Except for albumin/globulin 
inversion in the serum protein electrophoresis, no 
other laboratory fi nding was beyond the reference 
range. Pathohistologic analysis of one skin lesion 
biopsy showed interface dermatitis, a fi nding com-
patible with clinical diagnosis of TEN.

From ICU day 1, an IVIG treatment (0.4 g/kg of 
body weight once a day) and a low dose of peroral 
cyclophospamide (100 mg once a day) therapy 
were initiated. Skin lesions with epidermal detach-
ment were treated with hydrocellular dressing (Al-
levyn adhesive, Smith & Nephew, London, United 
Kingdom) with patches exchanged every third day. 
Lesions on the face, lips and penal mucosa were 
treated with Cicaplast, La Roche-Posay, Paris, 
France, 3 times a day. All psychoactive medications 
were withdrawn except for low dose diazepam. By 

the fi ft h day of treatment, no new lesions occurred, 
while existing lesions started to improve. Lesions 
with epidermal detachment began to heal. Th e pa-
tient was febrile during fi rst 8 days of ICU treat-
ment with the highest temperature 39.0°C. Except 
for body temperature, other vital parameters were 
normal, including dieresis. Th e patient was hydrat-
ed perorally and parenterally, CVP was targeted at 
12 cm H

2
O. He was fed with liquid oral formula-

tions for 12 days, mainly due to oral mucosa and 
lip lesions which made chewing painful. He was 
treated with IVIG for 5 days and with cyclophos-
phamide for 13 days. On day 16 of ICU treatment, 
the patient was discharged with no major sequae-
lae. Only lesion pigmentation changes persisted. 
All mucosal defects as well as lip lesions and skin 
detachments healed totally.

At control examination aft er 6 weeks patient did 
well, no complications occurred. He regularly vis-
its dermatology offi  ce for pigmentation defects. He 
is under no active medical treatment for TEN. 
Lamotrigine was not reintroduced as suggested 
and so far no other neuroleptic was introduced.

DISCUSSION

Th e authors would like to emphasize a few issues 
that occurred during the treatment period. It is 
well known that patients suff ering from TEN 
should be treated in a dedicated burn unit or der-
matology ICU. As there is no such unit in SMUHC, 
the decision was made to admit the patient to the 
medical ICU. Patient’s need for optimal supportive 
care and treatment of possible complications such 
as secondary lesion infection or sepsis outweighed 
the hazard of acquiring hospital infections. By im-
plementing all available methods of infection con-
trol, the treating staff  managed to spare the patient 
from additional infection despite large necrolytic 
skin areas and immunomodulating therapy. Th ere-
fore, the authors think that despite the perils of 
treating such patients in medical ICU, it is the in-
tensive care that brings the best chances for sur-
vival of patients with TEN.

Given the scarce amount of evidence-based rec-
ommendations for therapy of TEN (1), treatment 
should be combined and driven or changed by dis-
ease development or regression. In the present 
case, the treatment with IVIG was immediately 
initiated but, due to unavailability, cyclosporin was 
not administered. Rather, cyclophosphamide was 
added to IVIG. Prompt improvement was observed 
and thus treatment plan was not changed. Until 

Fig. 1. Truncal distribution of lesions.

Fig. 2. Lip involvement with topical dermatologic 
therapy.
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stronger evidence exist, the authors advise to use 
IVIG and an additional immunomodulating agent 
in treatment of TEN, most preferably cyclosporin.

Th e authors would like to stress several measures for 
avoiding or diminishing TEN. TEN should be in-
cluded in diff erential diagnosis of skin eruption in 
patients using incriminated medications. Early rec-
ognition and prompt treatment provide best chances 
for optimal recovery. Also, most TEN cases occur 
during the fi rst two months of treatment (7). When 
considering lamotrigine, rapid dose escalations or 
large initial doses should be avoided as they have 
been proven to be risk factors for TEN. In addition, 
concomitant use of valproic acid provides additional 
risk for TEN, thus enhanced care should be taken 
when such treatment is unavoidable.

TEN treatment requires multidisciplinary ap-
proach with an intensivist, dermatologist and phar-
macologist involved. Complications such as gas-
trointestinal bleeding, hemoptysis, eye or geni-
tourinary mucosa involvement dictate additional 
subspecialist consultations. It is only such multi-
disciplinary approach that assures best treatment 
options for patients with TEN.

CONCLUSIONS

TEN is severe and potentially life threatening reac-
tion to various drugs mediated via cellular immu-
nity. Many drugs have been incriminated, the most 
common ones being allopurinol, antibiotic and 
anti-epileptic medications. Rapid establishment of 
diagnosis, withdrawal of incriminated drug and 
immunomodulating treatment off er best chances 
for optimal treatment prognosis. Although a rare 
disease, the diff erential diagnosis of TEN should 
always be kept in mind when considering adverse 
cutaneous reaction to incriminated medication.

List of abbreviations

TEN - toxic epidermal necrolysis

SJS - Stevens-Johnsons syndrome

ICU - intensive care unit

SMUHC - Sestre milosrdnice University Hospital 
Center

CVP - central venous pressure

MSSA - methicillin sensitive Staphylococcus au-
reus

IVIG - intravenous immunoglobulins
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Toksična epidermalna nekroliza uzrokovana 
lamotriginom

SAŽETAK - Autori iznose iskustvo liječenja bolesnika s toksičnom epidermalnom nekrolizom uzrokova-

nom lamotriginom. Od svih poznatih nuspojava lamotrigina, toksična epidermalna nekroliza je potencijal-

no najozbiljnija. Bolesnik u dobi od 49 godina hospitaliziran je u internističkoj Jedinici intenzivnog liječenja 

(JIL) zbog teške toksične epidermalne nekrolize. Uz suportivno liječenje, isključivanje lamotrigina iz terapije 

i lokalnu dermatološku terapiju, započeto je i liječenje intravenskim imunoglobulinom i ciklofosfamidom. Iz 

jednog od obriska kožne promjene i iz jedne hemokulture izdvojen je Staphylococcus aureus, zbog čega je 

nastavljena ex juvantibus započeta terapija venskim cefazolinom. Odgovor na terapiju bio je povoljan, nisu 

zabilježene značajnije kronične komplikacije bolesti. Autori žele naglasiti nekoliko zapažanja zabilježenih 

tijekom liječenja ovog bolesnika. Iako nije u potpunosti preporučljivo, liječenje bolesnika s toksičnom epi-

dermalnom nekrolizom može se provesti i u jedinicama intenzivnog liječenja uz strogo pridržavanje smjer-

nica za prevenciju bolničkih infekcija. Ne postoji velik broj na dokazima utemeljenih preporuka za liječenje 

toksične epidermalne nekrolize, ali se prema literaturi može savjetovati upotreba intravenskog imunoglobu-

lina i ciklosporina. Prilikom liječenja lamotriginom početna bi doza trebala biti niska, a svako povišenje doze 

postupno. U slučaju bilo kakvih kožnih reakcija na lamotrigin u diferencijalnu dijagnozu treba svakako 

uključiti i toksičnu epidermalnu nekrolizu. Liječenje tih bolesnika zahtijeva multidisciplinarni pristup.

Ključne riječi:  toksična epidermalna nekroliza; lamotrigin; intravenski imunoglobulini;  ciklosporin; 
ciklofosfamid
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Skin lesions resembling pyoderma 
gangrenosum as fi rst manifestation 
of Wegener’s granulomatosis: a case report

Luka Rotkvić, Željko Vučičević, Marin Pavlov, Vesna Degoricija1

ABSTRACT - Among other symptoms and signs, Wegener’s granulomatosis (WG) might present with vari-

ous types of skin lesions (purpura, papules, subcutaneous nodules, ulcers), but rarely with lesions resembling 

pyoderma gangrenosum. A case report of a 53-year-old Caucasian female hospitalized at the Division of 

Emergency and Intensive Care Medicine, Sestre milosrdnice University Hospital Centre (SMUHC) due to 

the pulmonary embolism (PE) and multiple skin lesions presents a case of the patient with lesions resem-

bling pyoderma gangrenosum as the fi rst manifestation of WG. Antineutrophil cytoplasmic antibodies with 

antigen specifi city for proteinase 3 (PR-3-ANCA) were detected and confi rmed the diagnosis of WG. Th e 

ulcers healed almost completely under treatment with azathioprine and corticosteroids. Diff erential diagno-

sis of necrotic skin ulcers resembling pyoderma gangrenosum should include tests for WG even when there 

are no signs of other organ aff ection specifi c for WG.

Key words: leg ulcers, pyoderma gangrenosum, Wegener’s granulomatosis

Department of Medicine, Division of Emergency and 
Intensive Care Medicine, Sestre milosrdnice University 
Hospital Center, Zagreb, Croatia
1University of Zagreb, School of Medicine and Depart-
ment of Medicine, Division of Emergency and Intensive 
Care Medicine, Sestre milosrdnice University Hospital 
Center, Zagreb, Croatia

INTRODUCTION

Wegener,s granulomatosis (WG) is a rare multisy-
stem autoimmune disease of unknown etiology 
with serious pulmonary and renal manifestations. 
Untreated severe WG is associated with a high 
mortality rate (> 90%), so it is important that the 
disease is diagnosed early. Skin lesions develop in 
up to 50 percent of patients with Wegener’s granu-
lomatosis due to systemic vasculitis (1). Antineu-
trophil cytoplasmic antibodies with antigen spe-

cifi city for proteinase 3 (PR3-ANCA) support the 
diagnosis of Wegener’s granulomatosis (1, 2).

Pyoderma gangrenosum (PG) is an uncommon ul-
cerative cutaneous condition of uncertain etiology. 
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Th e diagnosis is made by excluding other causes of 
similar cutaneous ulcerations, including infection, 
malignancy, vasculitis, collagen vascular diseases, 
diabetes, and trauma (3).

CASE REPORT

A 53-year-old woman was hospitalized at the Divi-
sion of Emergency and Intensive Care Medicine, 
SMUHC, for pulmonary embolism (PE) confi r-
med by multi detector computerized tomography 
(MDCT) angiography in February 2011. Patient 
history revealed several years of arterial hyperten-
sion and acute upper respiratory tract infection fo-
llowed by bilateral inguinal necrotic skin lesions in 
August 2010. Th ere was a spontaneous regression 
of ulcers within a month. In November 2010, she 
was treated for acute tonsilopharingitis with co-
amoxiclav for eight days. During the following two 
weeks, necrotic skin lesions appeared in the ingui-
nal region again and on both lower legs. Th e ulcers 
fi rst showed partial regression but later manifested 
as abscising ulcers and therefore resulted in out-
patient treatment of the patient at the Department 
of Surgery. Th roughout the following three mont-
hs, she suff ered from occasional fevers and hemop-
tysis due to which she was examined in the Emer-
gency room of SMUHC. An infi ltration of the left  
lung was found but etiology remained unknown. 
Ten days before admission, she developed another 
ulcer in the gluteal region.

Physical examination revealed severe necrotic skin 
ulcerations on both lower legs (Fig.1), perianal, sa-
cral region, and the lower abdominal wall. Necrec-
tomy and skin biopsy were performed, the patho-
histological diagnosis (PHD) report fi tted the pyo-
derma gangrenosum. Besides skin ulcerations, 
physical examination revealed tonsil ulcers so that 
biopsy of tonsils was performed, followed with un-
specifi c PHD report. Th orax MDCT angiography, 
besides the diagnosis of pulmonary embolism, re-
vealed infi ltrates in both lungs and necrosis zone in 
bilateral lower lobes. Abdominal CT was normal.

Blood tests revealed anemia of chronic disease 
(erythrocytes 3.9x1012/L; hemoglobin 96 g/L MCV 
76, 9 fL; hematocrit 0, 29; Fe 4 µmol/L, 5; UIBC 
43.8 µmol/L; TIBC 48.3 µmol/L) with mild hypo-
proteinemia (albumin 33 g/L) and elevated acute 
infl ammatory parameters (leukocytes 14.5 x 109/L; 
C- reactive protein 108 mg/L). Arterial blood gas-
es, electrolytes, creatinine, glucose, creatinine ki-
nase, AST, ALT, bilirubin, urine, cholesterol, coag-
ulation parameters and thyroid hormones were 

within normal range. Serratia marcenses was iso-
lated from skin ulcers while blood and urine cul-
ture were sterile. Tumor markers (cytokeratin 19-
fragments, carcinoembryonic antigen, carbohy-
drate antigen (CA) 19-9, CA 15-3 and CA-125), 
fecal occult blood test and antiphospholipid anti-
bodies were negative.

Antineutrophil cytoplasmic antibodies with anti-
gen specifi city for proteinase 3 (PR3-ANCA) were 
highly positive (titer over 1:200 – normal range to 
1:20), with positive circulating imunocomplexes 
(IgG). Myeloperoxidase antibodies, anti-double 
stranded DNA antibody, imunoglobulins and C3 
component of complement were within normal 
range. Duplex scan with Doppler examination of 
lower extremities excluded deep vein thrombosis.

Based on positive PR3-ANCA, pulmonary invol-
vement, oral and skin lesions, the diagnosis of WG 
was established. Besides ceft riaxon in a dose of 2 
grams per day, and low molecular weight heparin 

Fig. 1. Severe necrotic skin ulcers on left  lower leg at 
admission.

Fig.2. Skin ulcer on left  lower leg in process of healing 
aft er six month.



39

Su
p

p
l. 2

, 2
0

1
2

Neurol Croat Vol. 61, Suppl. 2, 2012 L. Rotkvić et al. Wegener’s granulomatosis

and warfarin to maintain INR 2-3, the treatment 
included corticosteroids in a dose of 1 mg/kg and 
azathioprine, 100 mg per day. Two weeks later the 
patient was discharged from hospital. During re-
gular out-patient controls through six months, oral 
and skin ulcerations in gluteal, sacral, inguinal, ab-
dominal region and on the right foot disappeared 
while the severe ulcer on the left  lower leg (Fig. 
2)was in the process of healing.

DISCUSSION

Wegener’s granulomatosis (WG) is one of the anti-
neutrophil cytoplasmic antibody (ANCA)-associa-
ted vasculitides (AAVs) that mostly aff ects the upper 
and lower respiratory tract and kidneys. In Europe-
an populations, WG is slightly more common in 
men, with a male-to-female ratio of 1.5:1 (4).

WG is usually associated with the presence of di-
ff use staining cytoplasmic ANCA (C-ANCA) di-
rected against serine proteinase 3 antigen (PR3-
ANCA), the so-called Wegener autoantigen (4). 
ANCA are detectable in nearly all patients with ac-
tive severe WG, but approximately 1 out of 5 pati-
ents with active limited disease are ANCA negative 
(5). In the study of Daoud et al., fi ndings of c-
ANCA were positive in 81% of patients with cuta-
neous WG, confi rming that C-ANCA is a valuable 
adjunct to diagnosis of WG (6).

According to literature, up to half of the patients 
with WG develop skin lesions due to systemic vas-
culitis. Th e appearance of skin lesions resembling 
pyoderma gangrenosum is extremely rare (1-2,4,7). 
Cutaneous manifestations may be presenting signs 
of the disease in 13% of patients with WG. Findin-
gs are variable and nonspecifi c and usually aff ect 
lower extremities. Purpura, papules, subcutaneous 
nodules, and ulcerations are the most common fi n-
dings. Ulcers and vesicles are associated with more 
severe disease. Histopathologic fi ndings may be 
variable, half of all skin biopsy specimens return 
nonspecifi c fi ndings (5). Skin lesions may be an 
early premonitory sign of renal disease, and they 
usually occur at generalized disease (4-5,9). Cuta-
neous lesions characteristic of WG may correlate 
with the activity, distribution, and the course of the 
disease (8-9).

A study of Patten and Tomecki demonstrate that 
cutaneous or oral mucosal fi ndings may serve as 
valuable diagnostic aid in evaluation of a patient 
suspected for WG (10).

At the beginning of the treatment, we suspected 
our patient had pyoderma gangrenosum with ex-

tracutaneous manifestations. Th e lung aff ection is 
the most common extracutaneous manifestation 
of pyoderma gangrenosum, in which the typical 
fi ndings are interstitial lung disease or unilateral/
bilateral nodules with or without necrosis. Th e 
treatment includes corticosteroids (3, 11-12).

Th ere are only a few cases where pyoderma gan-
grenosum was a presenting sign of WG in the 
present literature (13-15).

CONCLUSION

Untreated severe WG is associated with a high 
mortality rate (> 90%), and therefore it is impor-
tant to establish diagnosis early. Th is case is of in-
terest because fi rst presentation of WG were skin 
lesions. Skin lesions resembling pyoderma gangre-
nosum were present before pulmonary manifesta-
tion, so the diagnosis of WG could be established 
at an earlier stage. Th e goal of this presentation is 
to show that WG needs to be included in diff eren-
tial diagnosis of necrotic skin ulcers because early 
diagnosis may be established before other organs 
are aff ected by WG.
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Kožne lezije slične pioderma gangrenosum 
kao prva manifestacija Wegenerove granulomatoze: 
prikaz bolesnika

SAŽETAK - Wegenerova granulomatoza se, uz ostale simptome, očituje različitim kožnim lezijama (purpu-

rom, papulama, potkožnim čvorovima, ulceracijama), ali rijetko lezijama sličnima piodermi gangrenosum. U 

prikazu slučaja 53-ogodišnje bolesnice hospitalizirane zbog plućne embolije i kožnih lezija u Zavodu za hit-

nu i intezivnu medicinu Klinike za internu medicinu KBC Sestre milosrdnice prikazana je bolesnica s lezija-

ma sličnim piodermi gangrenosum kao prvoj manifestaciji Wegenerove granulomatoze. U serumu bolesnice 

dokazana su antineutrofi lna citoplazmatska antitijela sa specifi čnošću na proteinazu 3 (PR3-ANCA), čime je 

potvrđena dijagnoza Wegenerove granulomatoze. Ulceracije su gotovo u potpunosti zacijelile uz terapiju 

azatioprinom i kortikosteroidima. Diferencijalna dijagnoza kožnih lezija sličnih piodermi gangrenosum tre-

bala bi obuhvaćati i testove za Wegenerovu granulomatozu iako nema znakova zahvaćanja ostalih organa 

tom bolesti.

Ključne riječi: Pioderma gangrenosum, ulceracije nogu, Wegenerova graulomatoza
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Changing nature of endocarditis in critically 
ill patients

Ana Vujaklija-Brajković, Ivan Gornik, Ozrenka Zlopaša, Nina Gubarev-Vrdoljak, 
Radovan Radonić, Vladimir Gašparović

ABSTRACT - We report fourteen patients admitted to the Division of Intensive Care Medicine, University 

Hospital Centre Zagreb because of respiratory insuffi  ciency, septic shock, heart failure and cardiac arrest. 

Th e average APACHE II score at admission was 16.5 (range 8 - 33). All patients were diagnosed infective 

endocarditis (IE) (12 nosocomial, 2 community-acquired) within 24 hours of admission due to prompt 

echocardiographic assessment. Methicillin-resistant S. aureus and E. faecalis were the most common causa-

tive pathogens. Immunocompromised patients had gram negative strains, fungi or polymicrobial pathogens 

isolated from blood cultures. Renal impairment was observed in 10 patients, of which 6 could be associated 

with nephrotoxic antibiotics. Early echocardiography and clinical suspicion are crucial in diagnosing IE 

early as this may reduce mortality rate.

Key words:  endocarditis, Enterococcus faecalis, intensive care unit, immunocompromised host, 
methicillin-resistant Staphylococcus aureus

Division of Intensive Care Medicine, Department of 
Medicine, University Hospital Centre Zagreb, Croatia

INTRODUCTION

Infective endocarditis (IE) is a rather rare condi-
tion, with estimated incidence of 6/100,000 in gen-
eral population (1). IE may be suspected in a pa-
tient with cardiac murmur in the presence of fever, 
anemia, numerous vascular (major arterial emboli, 
septic pulmonary infarcts, mycotic aneurysm, in-
tracranial hemorrhage, conjunctival hemorrhages, 
Janeway lesions) and immunologic phenomena 
(glomerulonephritis, Osler’s nodes, Roth spots). 
Th e diagnosis is based upon a careful history and 
physical examination, blood cultures and labora-

tory results, electrocardiogram (ECG), chest radio-
graph and, most importantly, an echocardiogram. 
A number of factors as prosthetic heart valves, de-
generative valve disease (2) and chronic intrave-
nous access predispose to the development of IE. 
IE can be a complication of invasive diagnostic (3) 

and surgical procedures, especially solid organ 
transplantations (4). Patients with IE are usually 
treated on medical wards. However, complications 
of IE may be life threatening and necessitate ad-
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mission to the intensive care unit (ICU). Admitted 
patients still have high mortality, ranging from 35 
to 85% (4). Classical clinical manifestations of en-
docarditis are usually absent in critically ill pa-
tients.

CASE HISTORY

We report a case series of fourteen patients (11 
male, 3 female, aged 34 to 70 years) admitted to the 
medical ICU who were diagnosed defi nite IE ac-
cording to the modifi ed Duke’s criteria (5). Indica-
tions for admission to the ICU were as follows: res-
piratory insuffi  ciency (7 patients), septic shock (3 
patients), heart failure (2 patients) and cardiac ar-
rest (1 patient). At admission, 8 patients were he-
modynamically unstable, 4 required mechanical 
ventilation and 3 required dialysis. Th e average 
APACHE II score was 16.5 (range 8 - 33).

Eight patients were transferred from regional hos-
pitals or medical wards, four were transferred from 
surgical wards within the hospital and only two pa-
tients were admitted through emergency depart-
ment. Seven patients were taking immunosuppres-
sive therapy (cyclosporine, mycophenolate mofetil, 
cyclophosphamide, azathioprine, corticosteroids) 
because of infl ammatory bowel disease, vasculitis 
and solid organ transplantation. Two of them had 
central venous line (used for TPN) inserted ap-
proximately two weeks before admission. Five 
 patients had recent surgery, namely: aortic valve 
replacement, solid organ transplantation (liver, 
kidney), resection of the rectum due to adenocar-
cinoma and urogenital corrective surgery aft er 
 explosive abdominal injury (a patient was also 
 diagnosed splenic abscess). At disease onset, fi ve 
patients had predisposing cardiac lesion: biopros-
thetic aortic valve, aortic valve stenosis, mitral 
valve regurgitation and congenital heart abnormal-
ity (patent foramen ovale (PFO), quadricuspid 
aortic valve).

Echocardiography was performed in all patients 
within 24 hours aft er admission. TTE was per-
formed in all patients. It revealed vegetations in 
nine patients. For further evaluation, TEE was 
used. Aortic valve was aff ected in ten patients, tri-
cuspid in three, and mitral valve in one patient. 
Right sided endocarditis was diagnosed in patients 
with inserted central venous line and PFO. Clinical 
and laboratory fi ndings at the time of admission 
are presented in Table 1.

Microorganisms isolated from blood cultures are 
presented in Table 1. Culture negative endocarditis 

was present in two patients who were receiving an-
tibiotics prior to the ICU admission.

Aft er taking at least two sets of blood cultures, em-
piric antibiotic therapy was initiated (Table 2). 
Th erapy was later modifi ed according to the blood 
culture results. Empirical therapy was usually a 
combination therapy: penicillin, ceft riaxone, cip-
rofl oxacin or vancomycin in combination with 
aminoglycosides according to current recommen-
dations ([6). Surgical treatment was proposed to 
four patients because of congestive heart failure re-
fractory to therapy, fungal IE and recurrent septic 
emboli (aortic valve replacement in two and tri-

Table 1. Clinical, laboratory and microbiological 
fi ndings.

Clinical and laboratory fi ndings No. of patients

Fever, temperature > 38.5°C 14

Splenomegaly 3

Heart murmur 6

Elevated ESR 10

Elevated C-reactive protein level 10

Elevated white blood cell count 6

Normochromic normocytic anemia 11

Evidence of embolic events
Focal neurologic impairment
Septic pulmonary infarcts
Renal impairment
Splenic abscess

6
2
2
1
1

Impaired renal function 4

Microbiological fi ndings

Staphylococcus aureus (MRSA) 3

Streptococcus viridans 2

Enterococcus faecalis 1

Escherichia coli 1

Polymicrobial
Enterococcus faecalis + MRSA
Enterococcus faecalis + Pseudomonas 
aeruginosa
Enterococcus faecalis + Zygomycosis 
– Mucor
Klebsiella pneumoniae + Candida 
parapsilosis
Escherichia coli + Candida species

4
1
1

1

1

1

Negative culture 2

MRSA = methicillin-resistant Staphylococcus aureus, 
ESR = elevated sedimentation rate
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cuspid valve replacement in two patients). A pa-
tient with the aortic valve IE and the splenic ab-
scess fi rst underwent splenectomy and a week later 
aortic valve replacement. A patient with tricuspid 
valve endocarditis and PFO with septic pulmonary 
infarcts rejected operation.

Renal function impairment was observed in ten 
patients. Four patients had renal failure at admis-
sion, of which three needed dialysis. Increased cre-
atinine levels, not requiring dialysis, were observed 
in six patients during antimicrobial treatment. Re-
nal function tests improved in all six patients aft er 
adjusting antimicrobial therapy.

Th ree patients died - a patient with early prosthetic 
valve endocarditis, a patient admitted aft er cardio-
respiratory arrest and a patient transferred from 
medical ward because of acute respiratory and re-
nal failure (Apache II scores 33, 33 and 22, respec-
tively). Survivors were regularly monitored by TEE 
and blood cultures. No relapse of IE occurred 
within 12 months of fi nishing clinically eff ective 
therapy.

CONCLUSION

In this report, we presented fourteen patients, 
twelve of them were considered having nosocomial 

IE and two community-acquired IE. In this popu-
lation nosocomial IE was associated with surgical 
procedures, central line access and immunosup-
pressive therapy. Methicillin-resistant S. aureus 
and E. faecalis were the most common causative 
pathogens, which is consistent with recently pub-
lished studies (2,4). Immunocompromised patients 
(solid organ transplantation, cancer, long-term 
steroid therapy) had gram negative strains, fungi 
or polymicrobial pathogens isolated from blood 
cultures. It might be possible that certain shift  to-
wards multiresistant strains and polymicrobial 
causative agents was present in critically ill pa-
tients. Data also indicates that recent surgical pro-
cedure might be considered a risk factor of devel-
oping IE caused by gram negative strains or mul-
tiresistant microorganisms that require prolonged 
treatment.

Renal function was impaired in ten patients, and 
this impairment developed in six of them during 
antibiotic treatment. Prescribed antibiotics, espe-
cially aminoglycosides and vancomycin, might 
have contributed to the worsening of the renal 
function. Linezolid was proven as an eff ective drug 
in the treatment of gram-positive bacterial infecti-
ons. Moreover, recent meta-analysis showed line-
zolid is as eff ective as vancomycin, with lower inci-
dence of renal impairment (7). Th erefore, vanco-
mycin was replaced with linezolid in fi ve patients. 
Gentamicin was discontinued in three patients. 
Normalization of the renal function tests was later 
observed in all six patients, which might be ex-
plained with change in the antimicrobial treatment. 
Even though the number of patients included in 
this study is rather small, our results suggest that a 
combination of aminoglycosides and vancomycin 
as the fi rst choice antibiotics in patients already at 
risk of renal impairment should be questioned. 
Perhaps, less nephrotoxic and equally effi  cient 
drugs such as linezolid should be considered as a 
fi rst treatment option in patients with possible 
gram positive infection.

Echocardiography has an important role in assess-
ment of the critically ill patients (8). It is most oft en 
used for evaluation of the left  ventricle function 
and cardiac output. Th is study highlights the use-
fulness of the prompt echocardiographic assess-
ment, transthoracic and transesophageal, in the 
diagnosing of IE in critically ill patient. Due to the 
prompt evaluation of patients, diagnosis of IE was 
established within the 24 hours of ICU admission, 
which enabled rapid treatment. Th is might have 
contributed to the lower mortality compared to 
previous studies (4).

Table 2. Antimicrobial treatment prior to the ICU 
admission and in the ICU.

Antimicrobial treatment

Prior to ICU admission 
(No. of patients)

In the ICU 
(No. of patients)

penicillin (1) penicillin (3)

gentamicin (1) gentamicin (4)

clindamycin (1) clindamycin (1)

metronidazole (2) metronidazole (1)

cefepime (1) cefepime (3)

piperacillin 
+ tazobactam (1)

piperacillin
+tazobactam (2)

vancomycin (1) vancomycin (6)

ciprofl oxacin (4) linezolid (5)

ceft riaxone (1) ceft riaxone (2)

fl uconazole (1) meropenem (5)

rifampin (1)

amikacin (1)

amphotericin B 
(liposomal) (2)
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Diagnosing IE can be diffi  cult in patients hospital-
ized in the ICU because classical manifestations of 
endocarditis are usually not observed. IE should be 
considered in every patient admitted to an ICU 
with heart failure, or cardiogenic or septic shock of 
unknown cause. High clinical suspicion and ade-
quate diagnostic approach can help to diagnose IE 
early and treat it with increased success.
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Promjenljivost endokarditisa pacijenata 
u kritičnom stanju

SAŽETAK - Prikazano je četrnaest bolesnika primljenih u Zavod za intenzivnu medicinu Klinike za unutar-

nje bolesti Kliničkoga bolničkog centra Zagreb. Bolesnici su primljeni zbog respiracijske insufi cijencije, 

septičkog šoka i srčanog zastoja. Prosječna vrijednost APACHE II pri prijemu bila je 16,5 (raspon 8-33). 

Zahvaljujući brzoj ehokardiografskoj analizi svim je pacijentima postavljena dijagnoza infektivnog endokar-

ditisa (12 nozokomijalnih, 2 izvanbolnička) unutar 24 sata od prijema. Meticilin-rezistentni S. aureus i E. 

faecalis bili su najčešće izolirani mikrobiološki uzročnici.

Imunokompromitirani su bolesnici imali infekciju gram-negativnim uzročnicima, gljivama, a često je izoli-

rano i više uzročnika iz hemokultura. Oštećenje bubrežne funkcije zabilježeno je u 10 bolesnika. U 6 se bo-

lesnika oštećenje bubrežne funkcije moglo povezati s uzimanjem nefrotoksičnih antibiotika. Rana ehokar-

diografi ja i klinička sumnja ključne su u ranoj dijagnostici infektivnog endokarditisa u intenzivnoj jedinici. 

Navedeni su postupci bitni jer mogu smanjiti stopu smrtnosti.

Ključne riječi: endokarditis, Enterococcus faecalis, jedinica intenzivne skrbi, MRSA
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Heparin-induced thrombocytopenia

Daniela Bandić Pavlović, Dinko Tonković1, Dragan Korolija-Marinić, Željka Martinović2, 
Željko Drvar, Robert Baronica

ABSTRACT - Heparin-induced thrombocytopenia (HIT) is an immune mediated syndrome induced by 

unfractionated heparin (UFH) and low-molecular weight heparin (LMWH) that results in hypercoagulate 

state with high morbidity and mortality due to venous and arterial thrombosis. Th rombocytopenia is oft en 

observable in patients with HIT. Diff erential diagnosis has a wide spectrum, from non-immunological to 

immunological (induced by medications like heparin, quindine, cephalosporins or autoimmune disorders) 

causes and, in this context, HIT should be considered. In this article, the main characteristics of HIT are re-

viewed, including immune response and pretest probability to diagnosis and treatment.

Key words:  HIT, HITT, thrombosis, HIT-IgG, heparin, low-molecular-weight heparin, direct thrombin 
inhibitors

Zagreb University Hospital Center, Zagreb, Croatia
1Sveti Duh University Hospital, Zagreb, Croatia
2Sestre milosrdnice University Hospital Center, Zagreb, 
Croatia

HISTORY

Heparin was introduced at the beginning of the 
last century (1). It is an anticoagulant with fast on-
set of action, its effi  ciency is monitored through 
measurement of aPTT, and the ability to reverse its 
action entirely with protamine has made heparin a 
drug that is used worldwide. Today it is known that 
heparin is an anticoagulant drug but with a possi-
bility of exerting a prothrombotic eff ect.

Sixty years ago, fi rst femoral artery embolic occlu-
sion was described in a patient who underwent 
heparin therapy due to deep venous thrombosis 
(2). Aft er that, several cases of arterial thrombosis 
were reported in patients treated with heparin. Ten 
years later, Natelson et al. reported on a patient 
with pulmonary embolism who developed severe 

thrombocytopenia aft er heparin administration. 
Th ey introduced the term heparin-induced throm-
bocytopenia (HIT) (3). Venous thromboembolism 
(VTE) due to HIT syndrome was recognized much 
later (4), even though literature has shown that 
VTE is actually four times more frequent than ar-
terial disorder.

INCIDENCE

Patients receiving intravenous unfractionated he-
parin (UFH) or low-molecular-weight heparin 
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(LMWH) develop HIT in 3-5% and 0.5% cases, 
respectively. It should be stressed, however, that 
this low percentage refers to a great number of 
 surgical and medical patients who received hepa-
rin, even if only for catheter fl ushing. Th erefore, 
this ‘rare’ disorder occurs relatively oft en and can 
have life-threatening consequences. HIT without 
thrombosis develops into heparin-induced throm-
bocytopenia with thrombosis (HITT) in 50% of 
patients (5).

INTRODUCTION

Heparin-induced thrombocytopenia is immuno-
logically mediated syndrome induced by UFH and 
LMWH. Despite possible occurrence of severe 
thrombocytopenia, bleeding is very rarely obser-
ved. On the contrary, HIT is characterized with 
increased risk of thrombosis. Platelet activating 
 antibodies cause the activation of platelets and con-
sequently thrombin formation. Th erefore, mana-
gement of HIT is directed against intense throm-
bin activity by using thrombin inhibitors. Without 
adequate and eff ective treatment, limb thrombosis, 
pulmonary embolism, stroke, myocardial infarc-
tion and, in 20% of cases, even death can occur (6).

According to the guidelines issued by Th e Hae-
mostasis and Th rombosis Task Force of the British 
Committee for Standards in Haematology, HIT 
should be suspected in patients with a fall in plate-
let count (by 50% or more, or it drops below the 
reference range), and / or development of new 
thrombosis or skin allergy between days 4 and 14 
of heparin administration (6, 7, 8).

Mostly, aft er 4 to 14 days of instituting heparin 
therapy, platelet count begins to decline. Some-
times, the fall in platelet count is observable several 
days aft er discontinuing heparin therapy. It is called 
late or delayed-onset HIT. On the other hand, some 
patients develop HIT within several hours or min-
utes aft er heparin administration. Th is happens in 
cases where exposure to heparin has occurred 
within 3 months and it is the consequence of the 
action of pre-existing heparin-induced antibodies 
(8,9,10).

Low platelet count is characteristic for HIT. Pla telet 
count mostly falls by 50% or more. Ten to 20% of 
patients with HIT have a platelet count of 20x109/l. 
Yet, such platelet count is more likely to cause se-
vere thrombosis than hemorrhage (9).

Increased propensity to venous or arterial throm-
botic incident is the main corner of HIT (2,4,9).

Skin lesion (skin necrosis, erythematous skin le-
sions) at the site of injection is another sign of HIT 
in patients who underwent subcutaneous adminis-
tration of the drug (8,9,11).

Two types of HIT are described. HIT type II is im-
mune mediated syndrome – also the topic of this 
article (we may call it HIT). On the other hand, 
HIT type I is non-immune reaction with only mild 
thrombocytopenia and without the risk of throm-
bosis, a benign type of HIT. Lately, it has been 
termed non-immune heparin associated thrombo-
cytopenia (9,11).

It has been noticed that patients who underwent 
orthopedic surgery or cardiovascular surgery, and 
also medical patients, have predisposition to deve-
lop HIT (9).

It can be observed even in patients with minimal 
exposure to heparin, such as insertion of intravas-
cular catheter and catheter fl ushes. LMWH cross-
reacts with HIT-IgG in 50% in vivo (12). Th erefore 
it should not be used in HIT patients.

HIT IMMUNE RESPONSE

Activated platelets release platelet-factor 4 (PF-4) 
which binds to the platelet surface. Also, PF-4 
binds heparin and forms a complex which is the 
main antigen for HIT-IgG antibodies. Th is com-
plex of PF-4/heparin/IgG binds to the platelet by 
the platelet Fc receptor, which leads to its activa-
tion and also to generation and release of proco-
agulant microparticles. Furthermore, these micro-
particles cause thrombin generation which can re-
sult in thromboembolic event. Also, it is interesting 
to notice that as many as 70% to 95% of patients in 
whom HIT-IgG antibodies are present do not de-
velop clinical HIT (13).

DIAGNOSIS

Th ere are several tests for determining HIT. How-
ever, when HIT is suspected, waiting for test results 
is wrong. Th e probability of HIT should be decided 
on clinical bases. Warkentin et al. formed a pretest 
probability for HIT based on four T’s: thrombo-
cytopenia (degree of fall in platelet count), timing 
of platelet count fall, development of thrombosis or 
other lesions (for instance skin necrosis or erythe-
matous skin lesions) and also diff erential diagnosis 
of thrombocytopenia. Pretest probability score can 
be high, moderate and low. Decisions about furt-
her management should be made individually. 



49

Su
p

p
l. 2

, 2
0

1
2

Neurol Croat Vol. 61, Suppl. 2, 2012 D. Bandić Pavlović. Heparin-induced thrombocytopenia

When probability score is high (80% of patients 
have HIT Ab), it is advised to wait for laboratory 
test results and treat the patient according to the 
guidelines for HIT. Heparin must be discontinued 
and therapy with thrombin inhibitor should be ini-
tiated. Cessation of heparin administration also 
additionally increases the risk of thrombosis. So, it 
is of great importance to anticoagulate the patient 
with therapeutic, rather than prophylactic, doses 
of anticoagulant. When test results are fi nished, 
the decision should be reevaluated as well as the 
therapy (8).

Two types of tests are used when diagnosing HIT: 
measuring platelet activity and detection of HIT 
antibodies. Platelet activation tests are platelet se-
rotonin release assay (SRA) and heparin induced 
platelet agreggation (HIPA). SRA is based on rele-
ase of serotonin which is radioactively marked and 
is currently considered to be the gold standard for 
detecting HIT. Th is complex test can only be done 
in experienced laboratories where HIT-IgG anti-
bodies can be detected with high sensitivity. On 
the other hand, HIPA is easier to perform and is in 
widespread use but has lower sensitivity. A method 
of HIT antibody detection is used in antigen assays 
with high sensitivity. Th ere are two enzyme-linked 
immunosorbent assays (ELISA test) (on antigen 
PF4/heparin or polyvinilsulphate/PF4) in use, as 
well as commercial enzyme immunoassays (EIA) 
which should detect only IgG antibodies. Results 
of these tests should be considered in regard with 
pretest clinical overview (14).

TREATMENT

If HIT is suspected, treatment should start at once 
with replacing heparin with alternative non-he-
parin anticoagulant. Lepirudin and argatroban are 
direct thrombin inhibitors. Besides, danaparoid is 
used in HIT treatment. Study results in HIT the-
rapy with bivalirudin and fondaparinux are li-
mited. Platelet transfusion is contraindicated de-
spite thrombocytopenia. It should be stressed that 
thrombocytopenia is resolved spontaneously aft er 
termination of heparin administration. Aft er plate-
lets have increased to normal values, transition to 
warfarin should be made (6, 9).

Direct thrombin inhibitors, argatroban and lepiru-
din, monitor its action in a simple manner, through 
aPTT. On the other hand, therapy with danaparoid 
requests antifactor Xa assay. Unlike danaparoid, 
direct thrombin inhibitors do not react with HIT-
IgG antibodies. Direct thrombin inhibitors are also 
known to prolong INR (8, 9).

Argatroban, a small synthetic molecule, reversibly 
binds thrombin. Its half-life is 45 min. Rapid onset, 
relatively short duration of action, and hepatic cle-
arance make this drug the fi rst choice in patients 
with renal impairment. Its action is prolonged in 
patients with hepatic impairment because of its he-
patic clearance. Th erefore, in patients with hepatic 
failure, the doses should only be 25% of normal 
doses. Initial dose is 2 mg/kg/min and, aft er control 
(2 hours later), the dose should be individually 
adjusted. Th erapeutic range should be 1.5-3-fold 
baseline aPTT, or aPTT should not exceed 100 mi-
nutes (8).

Lepirudin is a direct inhibitor of factor IIa, with a 
half-life of 80 min. Because of its renal elimination, 
its action is prolonged in patients with renal im-
pairment. It is preferably used in patients with he-
patic dysfunction. Doses should be adapted accor-
ding to serum creatinine levels. In patients with 
normal creatinine levels, bolus doses of 0.4 mg/kg 
(iv.) are followed by 0.15 mg/kg/h. Treatment is 
controlled through the aPTT, with target values 
being 1.5-2.5-fold baseline. Direct immunologic 
response is observable in 50% of patients treated 
with lepirudin, but not a cross-reaction with HIT-
IgG antibodies (8,9,11).

Danaparoid inhibits thrombin production, inhibi-
ting factor Xa, and to a lesser extent factor IIa, (in-
hibition of Xa:IIa = 28:1). Drug doses depend on 
the fact whether HIT is present with or without 
thrombosis. To monitor therapy eff ectiveness, the 
anti-Xa factor activity should be measured, with 
target values ranging from 0.5 to 0.8 U/ml. Its half-
life is 24 h. Renal clearance requires dosage adjust-
ment in patients with renal dysfunction. Cross-re-
activity is observable in 10 to 20% patients with 
HIT-IgG. Th erefore, every fi ft h to tenth patient tre-
ated with danaparoid is actually not treated adequ-
ately (9,15,16).

Fondaparinux, a synthetic heparin, has been 
 thought to successfully treat HIT. Fondaparinux 
can bind HIT-IgG but it is presumed that it does 
not cause HIT. However, several cases have recently 
been reported where fondaparinux could cause 
HIT or fondaparinux-induced thrombocytopenia 
(FIT). Recent studies have commented the use of 
fondaparinux in HIT as controversial. Still, it has 
to be stressed that the risk of HIT developing du-
ring fondaparinux therapy is very low (8,9).

Warfarin is not used as replacement for heparin in 
HIT patients because it can cause venous limb gan-
grene or central skin necrosis. It can only be safely 
used when platelet count has returned to normal, 
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Table 1. HIT overview
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i.e. to the value higher than 150 x 109 /l. It is re-
commended that direct thrombin inhibitors and 
warfarin should overlap for fi ve days, starting with 
low-doses of warfarin. Otherwise deterioration of 
thrombosis can occur (9,15,16).

Bivalirudin is a direct thrombin inhibitor, with 
half-life of 25 minutes and renal elimination, with-
out immunologic response. It is a promising agent 
in HIT treatment. Th erapeutic target aPTT is 60-
80 seconds (16).

Patients with a history of HIT deserve special con-
sideration. We mentioned earlier that PF4/heparin 
Ab live for 3 months. If a patient who experienced 
HIT has to undergo surgery within 3 months fol-
lowing HIT, the operation should be postponed if 
possible until antibodies have been proven to be 
negative. If the operation cannot be postponed, al-
ternative non-heparin anticoagulant is recommen-
ded. In HIT antibody negative patient, intraopera-
tive heparin should be used in case of a cardiac 
operation while the use of non-heparin anticoagu-
lants is advised during pre- and post-operative 
time (6).

QUESTIONS TO BE ANSWERED

Patients with HIT have increased risk of thrombo-
sis. However, not all the patients will develop 
thrombosis. Seventy to 95% of patients who devel-
op antibodies to heparin do not experience throm-
bocytopenia. Th e actual reason for such course of 
events is not known. Further evaluation is neces-
sary to resolve this issue.

CONCLUSION

HIT is a serious adverse reaction to unfractionated 
heparin and LMWH administration with high 
morbidity and mortality due to thrombotic diathe-
sis.

HIT should always be considered in surgical and 
medical patients with thrombocytopenia and 
heparin administration in anamnesis. It is of great 
importance to timely suspect HIT, based on good 
clinical practice and platelet count. Results of a di-
agnostic laboratory test should not be awaited. HIT 
without the occurrence of thrombosis requires the 
same approach in treatment as with thrombosis 
because thrombosis occurs in as many as 50% of 
patients with HIT. Prompt and adequate treatment 
strategies include cessation of heparin administra-

tion and initiation of direct thrombin inhibitor 
therapy (Table 1). Delayed recognition of HIT can 
have life-threatening complications.
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Heparinom inducirana trombocitopenija

SAŽETAK - Trombocitopenija inducirana heparinom (engl. heparin-induced thrombocytopenia, HIT) je 

imunološki sindrom posredovan nefrakcioniranim heparinom i niskomolekularnim heparinom, a rezultira 

hiperkoagulacijskim stanjem praćenim visokim pobolijevanjem i smrtnošću uz posljedične venske i arte-

rijske tromboze. Trombocitopenija je glavna odrednica HIT-a. Potrebno je razmotriti diferencijalno 

dijagnostičke različite neimunološke i imunološke uzroke trombocitopenije (trombocitopenija uzrokovana 

lijekovima poput heparina, kinidina, cefalosporina ili autoimunološki poremećaji). U ovom su radu prikaza-

ne glavne odrednice HIT-a, uključujući imunološki odgovor, vjerojatnost postavljanja sumnje na HIT prije 

testiranja, dijagnozu i liječenje.
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Optic nerve ultrasonography 
in the diagnosis, evaluation and treatment 
of elevated intracranial pressure in critically 
ill patients

Mirjana Lončarić-Katušin, Maja Grba-Bujević1, Nedjeljko Strikić2, Tihana Pomoravec3

ABSTRACT - Elevated intracranial pressure (ICP) is one of emergency conditions in medicine which may 

frequently lead to severe brain damage and lethal outcome. Early recognition of ICP is crucial already in the 

early phase of initial patient management at emergency unit to enable timely therapeutic intervention. Direct 

ICP measurement is the gold standard in the diagnosis of this condition; however, it is an invasive method 

which may not always be readily available. As optic nerve is an extension of the meninges, elevated cerebro-

spinal fl uid pressure results in an increase in the retrobulbar optic nerve sheath diameter. Th is phenomenon 

makes the rationale for ultrasonographic (US) measurement of the optic nerve sheath diameter as a modern 

and noninvasive method of ICP assessment. Optic nerve US has been recognized as the method of choice in 

primary evaluation of the critically ill patients where the use of simple, fast, noninvasive and reliable meth-

ods is crucial to determine further diagnostic work-up and therapeutic interventions. Th e most common 

indications for the use of optic nerve US as an indicator of intracranial hypertension are various craniocer-

ebral injuries, traumatic and nontraumatic intracranial hemorrhage, spontaneous intracranial hemorrhage, 

and malignant hypertension. Th e objective of this review is to discuss the basic principle of the method and 

to present the current state-of-the-art on the indications of its usage.

Key words: intracranial pressure, craniocerebral injury, optic nerve sheath diameter, ultrasonography
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THE PRINCIPLE OF OPTIC NERVE 
SHEATH DIAMETER 
ULTRASONOGRAPHY

Like any other macroscopic structure that is not 
surrounded by air or solid bones, optic nerve is ac-
cessible to US analysis. A linear high-resolution 
probe of 7.5-10 MHz is used to measure optic nerve 
sheath diameter. Th e patient is placed in supine 
position and appropriate amount of US gel is ap-
plied over the closed eye to prevent direct contact 
with the skin (3). Th e hand holding the probe is 
placed on the patient’s face and the probe is gently 
pressed against the eyelid, avoiding excessive pres-
sure and thus undesired vagus reactions. Th e depth 
of the image should be appropriately set so that the 
entire eye is visualized. Th e eyeball is visualized as 
a circular hypoechoic structure, with the optic 
nerve visualized retrobulbarly as a tubular hypoe-
choic formation, usually clearly demarcated from 
the surrounding hyperechoic adipose tissue. Optic 
nerve sheath diameter is measured at 3-mm from 
the eyeball posterior aspect because US contrast is 
most pronounced, thus the measurement results 
are most reliable at this position (4). Measurement 
is usually repeated on several occasions on each 
eye to reduce measurement variability (5).

CORRELATION 
WITH INTRACRANIAL PRESSURE 
– LITERATURE REVIEW

Previous studies have demonstrated correlation 
between optic nerve sheath diameter and ICP level 
beyond doubt. Many studies have tried to deter-
mine the upper limit of optic nerve sheath diame-
ter predicting intracranial hypertension.

In their study from 2002, Lichtenstein et al. dem-
onstrated that cerebral edema was diagnosed in 
80% of patients with optic nerve sheath diameter 
greater than 4.5 mm and proposed it as an optimal 
limit pointing to elevated ICP (7). Th ese fi ndings 
can certainly fi nd application in clinical practice. 
For example, comatose patients with optic nerve 
sheath diameter less than 4.5 mm can be carefully 
observed, whereas those with optic nerve sheath 
diameter above this limit would require urgent 
computed tomography (CT) of the brain. In this 
way, diagnostic overlooking could be prevented of 
some rare but potentially fatal causes requiring 
emergency neurosurgery that are masked by alco-
holic coma (4).

Although the exact upper limit of optic nerve 
sheath diameter is diffi  cult to identify, many au-
thors agree that it ranges between 4.5 and 5 mm, 
with higher values being justifi ably suspect of in-
tracranial hypertension. In a study from 2008, the 
optimal upper limit for detection of intracranial 
hypertension was set at 5.7 mm, with sensitivity of 
74.1% and specifi city of 100% (6).

Recent studies have proposed the upper limit of 
optic nerve sheath diameter of 5 mm as an indica-
tor of elevated ICP. A study from 2008 monitored 
correlation between direct ICP measurement and 
optic nerve sheath diameter in order to determine 
sensitivity and specifi city of optic nerve sheath di-
ameter as a predictor of elevated ICP (>20 cm 
H

2
O). Study results revealed the optic nerve sheath 

diameter greater than 5 mm to have the best bal-
ance of test characteristics, with 88% sensitivity 
and 93% specifi city in detecting ICP >20 cm H

2
O. 

Th e optic nerve sheath diameter of 4.5 mm has a 
sensitivity of 100% but specifi city of only 63% (5). 
Many other studies have also confi rmed these fi nd-
ings (1,8). In practice, optic nerve sheath diameter 

Table 1. Correlation between optic nerve sheath diameter (ONSD) and intracranial 
pressure (ICP) 

Optic nerve sheath 
diameter

Authors and year 
of publication

Conclusion

>4.5 mm Lichtenstein et al., 
2002 (7)

Comatose patients with ONSD <4.5 mm can 
be observed, and those with ONSD >4.5 mm 
require urgent brain CT 

5 mm Harbison et al., 
2008 (5)

ONSD >5 mm is a predictor of elevated ICP 
>20 cm H

2
O, with 88% sensitivity and 93% 

specifi city

>5.2 mm Moretti and Pizzi, 
2009 (9)

ONSD >5.2 mm is a predictor of elevated ICP, 
with 94% sensitivity and 76% specifi city
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exceeding 5 mm is a strong indication for brain CT 
and invasive methods of ICP monitoring (1).

A study from 2009 failed to confi rm the then con-
sensus on the limit of optic nerve sheath diameter 
of 5 mm as an indicator of intracranial hyperten-
sion. Th e results obtained in this study showed the 
optic nerve sheath diameter greater than 5.2 mm to 
have 94% sensitivity and 76% specifi city, i.e. opti-
mal test characteristics. In this sample, the then 
consensus limit of 5 mm had the same sensitivity, 
but lower specifi city (59%) (9).

Th ere are intriguing data on the high negative pre-
dictive value of this method, as confi rmed in two 
studies from 2007 (10,11). One of these studies 
demonstrated good sensitivity and negative pre-
dictive value (100%) of the method in a sample of 
31 patients with craniocerebral injury when optic 
nerve sheath diameter was less than 5.7 mm (10). 

Th e other study followed up 59 head injury patients 
where optic nerve sheath diameter less than 5 mm 
excluded intracranial hypertension with 100% sen-
sitivity, as verifi ed by brain CT. Th e positive and 
negative predictive value of optic nerve US meas-
urement was 30% and 100%, respectively (11).

Th e conclusions derived from studies of correla-
tion between optic nerve sheath diameter and ICP 
level are briefl y presented in Table 2.

INDICATIONS 
FOR MEASUREMENT OF OPTIC 
NERVE SHEATH DIAMETER

Th e most common indications for the use of optic 
nerve US as an indicator of intracranial hyperten-
sion are various craniocerebral injuries, traumatic 

Table 2. Indications for optic nerve ultrasonography (US)

Diagnosis
Authors and year 
of publication

Results Conclusion

Craniocerebral 
injury

Geeraerts et al., 
2007 (10)

ONSD is signifi cantly greater 
in patients with high ICP

In early post-traumatic period, 
ONSD is useful in detecting elevated 
ICP following severe brain injury

Tayal et al., 
2007 (11)

High negative predictive 
value of ONSD

Optic nerve US can exclude 
intracranial hypertension with high 
sensitivity

Soldatos et al., 
2008 (6)

Good correlation of ONSD 
with invasive and noninvasive 
ICP measurement in severe brain 
trauma

Useful diagnostic tool raising 
suspicion of ICP elevation, in 
particular when invasive ICP 
evaluation is not available or is 
contraindicated

Cammarata et al., 
2011 (12)

ONSD increase in elevated 
ICP

Optic nerve US is useful in rapid 
diagnosis of intracranial 
hypertension in craniocerebral injury

Intracranial 
hemorrhage 
(traumatic and 
nontraumatic)

Blaivas et al., 
2003 (3)

Very good correlation 
between US verifi ed optic 
nerve dilatation and CT 
signs of elevated ICP

Optic nerve US is a good predictor of 
elevated ICP, especially when CT is 
not available

Spontaneous 
intracranial 
hemorrhage

Moretti and Pizzi, 
2009 (9)

Suboptimal ONSD-ICP 
relation, thus it is not 
recommended to replace 
direct ICP measurement 
at intensive care unit 

ONSD measurement has an 
important role in primary patient 
management because there is good 
correlation between ONSD and ICP 
at the early stage of injury 

Hypertension Roque et al., 
2011 (8)

Systolic pressure >166 mm Hg 
and diastolic pressure >82 mm Hg 
are associated with 
signifi cant increase in ONSD

Useful in acute management of those 
patients that require more aggressive 
treatment than others

ONSD = optic nerve sheath diameter; ICP = intracranial pressure
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and nontraumatic intracranial hemorrhage, spon-
taneous intracranial hemorrhage, and malignant 
hypertension (Table 2).

Craniocerebral injury

Numerous studies report fi ndings favoring the use 
of this method in the evaluation of intracranial hy-
pertension in head injury. Two studies from 2007 
confi rmed good correlation of increased optic 
nerve sheath diameter and cerebrospinal fl uid 
pressure (10,11). One of these studies emphasized 
its usefulness in the early post-traumatic period 
following severe brain injury (10), whereas the 
other monitored patients with acute head trauma 
at emergency unit, where the optic nerve sheath 
diameter below 5 mm ruled out intracranial hyper-
tension as verifi ed by brain CT (11). In their study 
from 2008, Soldatos et al. investigated correlation 
between changes in optic nerve sheath diameter 
and simultaneous noninvasive (transcranial Dop-
pler) and invasive ICP measurement (placement of 
intracranial catheter). Results showed the correla-
tion to reach signifi cance in the group of patients 
with severe brain injury, but not in the group of 
patients with moderate brain injury and control 
group (6). A recent study from 2011 confi rmed the 
potential benefi ts and advantages of optic nerve US 
in urgent diagnosis of intracranial hypertension in 
craniocerebral injury.

Intracranial hemorrhage 
(traumatic and nontraumatic)

In their 2003 study, Blaivas et al. followed up pa-
tients with acute intracranial hemorrhage and con-
sequentially elevated ICP due to blunt head injury 
or spontaneous aneurysm rupture. Th is study dem-
onstrated very strong correlation between CT signs 
of elevated ICP and US verifi ed increase in optic 
nerve sheath diameter. Th e authors consider the 
measurement of optic nerve sheath diameter to be 
a very good predictor of elevated ICP, in particular 
when CT is not available for whatever reason (3).

Spontaneous intracranial hemorrhage

A study from 2009 emphasized the role of US as an 
early indicator of elevated cerebrospinal fl uid pres-
sure in comatose patients. However, the correlation 
of optic nerve sheath diameter and ICP was found 
to be suboptimal, thus optic nerve US was not rec-
ommended as an alternative for direct ICP meas-
urement at intensive care units. Yet, US has a major 

role in primary clinical evaluation on patient ad-
mission and in any other clinical situation when 
direct ICP measurement is not available (9).

Malignant hypertension

One of the recent studies revealed another very in-
teresting application of the method, i.e. in malig-
nant hypertension (8). In hypertensive patients, 
early detection of elevated ICP is of utmost impor-
tance. Generally, these are patients with blood 
pressure over 180/120 mm Hg, and with the signs 
of target organ dysfunction. In hypertensive pa-
tients, early detection of acute intracranial hyper-
tension is crucial for enabling quality and fast ther-
apeutic intervention, and thus more favorable dis-
ease outcome. Th is study presumed the optic nerve 
sheath diameter >5 mm to be an indicator of ele-
vated ICP and showed signifi cant correlation of the 
optic nerve sheath diameter with systolic and dia-
stolic blood pressure in hypertensive patients; the 
correlation was stronger with systolic blood pres-
sure. Blood pressure >166/82 mm Hg is associated 
with a signifi cant increase in optic nerve sheath dia-
meter, suggesting that symptomatic patients with 
systolic blood pressure >166 mm Hg or diastolic 
blood pressure >82 mm Hg require more aggres-
sive treatment due to an increased risk of elevated 
ICP (8).

LIMITATIONS TO THE 
USE OF OPTIC NERVE 
ULTRASONOGRAPHY

Along with numerous advantages of this method, 
some shortcomings and limitations should also be 
mentioned. One of major limitations refers to its 
subjective nature, as it greatly depends on the per-
forming person’s interpretation. Assessment of the 
optic nerve delineation is especially subjective, 
therefore standardization of the measurement 3 
mm behind the eyeball is extremely important (1). 
In addition, this method cannot provide informa-
tion on the causes of ICP elevation (2). Th e possi-
ble causes of optic nerve dilatation in the absence 
of intracranial hypertension should also be taken 
in consideration, e.g., optic neuritis, arachnoid cyst 
of optic nerve, nerve lesion, or cavernous sinus 
mass (2). Also, some 10% of patients with head 
trauma have orbit fracture or optic nerve injury 
(6). A number of false-positive or false-negative re-
sults should also be considered. For example, false-
positive results (according to some studies, up to 
15%) can be attributed to transient ICP elevation, 



57

Su
p

p
l. 2

, 2
0

1
2

Neurol Croat Vol. 61, Suppl. 2, 2012 M. Lončarić-Katušin et al. Optic nerve US in critically ill patients

such as the one described in hypercapnia or acute 
renal failure (4).

CONCLUSION

Ultrasonographic measurement of optic nerve 
sheath diameter is a modern and noninvasive 
method of detecting intracranial hypertension, im-
posing itself as the method of choice for evaluation 
of elevated intracranial pressure in initial manage-
ment of critically ill patients.
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UZV očnog živca u dijagnostici, evaluaciji 
i liječenju povišenog intrakranijskog tlaka pacijenta 
u kritičnom stanju

SAŽETAK - Povišeni intrakranijski tlak (ICP) predstavlja jedno od hitnih stanja u medicini koje nerijetko 

dovodi do teškog oštećenja mozga i smrtnog ishoda. Njegovo rano prepoznavanje ključno je u fazi početnog 

zbrinjavanja pacijenta u hitnom prijemu radi rane terapijske intervencije. Zlatni standard za dijagnostiku 

ovog stanja predstavlja izravno mjerenje intrakranijskog tlaka, no to je invazivna metoda koja nije uvijek 

dostupna (1).

Očni živac je produžetak moždanih ovojnica te prilikom porasta tlaka cerebrospinalne tekućine raste i 

promjer retrobulbarnog očnog živca. Ta je činjenica temelj ultrazvučnog mjerenja promjera očnog živca, što 

je moderna i neinvazivna metoda evaluacije ICP. Ultrazvuk (UZV) očnog živca nameće se kao metoda izbo-

ra u okvirima hitne službe gdje je imperativ korištenje jednostavnih, brzih, neinvazivnih i pouzdanih metoda 

u svrhu dobivanja dijagnostičkih i terapijskih informacija (2).

Najčešća indikacijska područja za primjenu UZV očnog živca kao pokazatelja intrakranijske hipertenzije u 

hitnom prijemu su različite kraniocerebralne ozljede, traumatska i netraumatska intrakranijska hemoragija, 

spontana intrakranijska hemoragija, kao i maligna hipertenzija (3, 6, 8, 9, 10, 11, 12).

Namjera ovog pregleda je razmotriti osnovni princip rada ove metode te iznijeti dosadašnje spoznaje o in-

dikacijskim područjima, s posebnim naglaskom na korištenju u objedinjenom hitnom bolničkom prijemu.

Ključne riječi:  ultrazvuk, promjer očnog živca, intrakranijski tlak, hitni bolnički prijem, kraniocerebralna 
ozljeda
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Clostridium diffi  cile infection in the Surgical 
Intensive Care Unit: a case series

Višnja Nesek Adam, Ana Markić, Viviana Mršić, Elvira Grizelj Stojčić, Tanja Goranović, 
Martina Matolić, Dinko Tonković

ABSTRACT - Clostridium diffi  cile infection is a frequent cause of morbidity and mortality among hospital-

ized patients. Clinical presentation of C. diffi  cile infection ranges from mild antibiotic-associated diarrhea to 

more severe pseudomembranous colitis and toxic megacolon. A small number of patients develop fulminant 

C. diffi  cile infection, and some of these patients require emergency operation and admission to the intensive 

care unit. We retrospectively analyzed the clinical course and outcome of 14 patients with clinically distinct 

forms of C. diffi  cile infection, admitted to our Surgical Intensive Care Unit over a 12-month period, and of-

fered a brief review of current literature. All but one patient previously received antibiotics for other illnesses. 

Patients with severe C. diffi  cile colitis were more likely to have abdominal pain, tenderness, distention, peri-

tonitis, and elevated or suppressed white blood cell count. Th ree patients who presented with acute abdomen 

underwent emergency surgery. One patient underwent subtotal colectomy, another hemicolectomy with il-

eostomy, and in one patient only exploratory laparotomy was performed. Eleven patients were treated con-

servatively. Th e mortality rate was 28%. All patients who presented with acute abdomen, and one patient 

without surgical intervention, died. Patients with severe C. diffi  cile colitis presenting as an acute abdomen 

represent a patient group aff ected by still a lethal entity.

Key words: Hospital-acquired Clostridium diffi  cile, Clostridium diffi  cile colitis, infectious diseases

University Department of Anesthesiology, Resuscita-
tion and Intensive Care, Sveti Duh University Hospital, 
Zagreb, Croatia

INTRODUCTION

Approximately 20% of hospitalized individuals ac-
quire C. diffi  cile during hospitalization, and more 
than 30% of these patients develop diarrhea. Hos-
pital-acquired C. diffi  cile disease is associated not 
only with antimicrobial use, but also with advanced 

age, laxative use, proton pump inhibitors, antineo-
plastic chemotherapeutic agent use, renal insuffi  -
ciency, and gastrointestinal surgery or procedures 
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[1,2]. Th us, C. diffi  cile colitis is currently one of the 
most common nosocomial infections. C. diffi  cile 
infection commonly manifests as mild-to-moder-
ate diarrhea. Most cases can be treated by the ad-
ministration of metronidazole or vancomycin to 
reverse the overgrowth of C. diffi  cile and its toxin 
production in the colon but, in rare cases, patients 
with C. diffi  cile infection can present with acute ab-
domen, fulminant life-threatening colitis and sep-
sis, and some of these patients require emergency 
operation.

We report our experience of clostridium diffi  cile 
infection in 14 cases with clinically distinct forms 
of disease. In our series, 10 patients presented with 
mild diarrheal form of disease and remaining four 
patients presented with more severe form of dis-
ease. Th e case history of these four patients is pre-
sented in greater detail.

PATIENT PRESENTATIONS

Patient 1

An 89-year-old woman was admitted to Hepato-
gastroenterology Department of our hospital with 
7-day history of watery diarrhea, crampy abdomi-
nal pain and low-grade fever. Her past medical his-
tory was signifi cant for hypertension and chronic 
obstructive pulmonary disease (COPD). She was 
well until 3 weeks prior to admission when exacer-
bation of COPD was diagnosed, and she was treat-
ed with a 10 day oral amoxicillin/clavulanate. Sev-
eral days aft er completion of therapy she developed 
symptoms of colitis. Her symptoms were initially 
mild with lower abdominal pain, distension and 
constipation sometimes alternating with diarrhea 
which she described as daily watery, nonbloody 
stools, approximately 3–5/day. Stool cultures were 
obtained and C. diffi  cile cytotoxin was isolated. She 
was treated for 5 days with 400 mg metronidazole 
8-hourly by mouth and intravenous fl uids. Despite 
treatment, her general condition gradually wors-
ened and she was transferred for further observa-
tion to our Surgical Intensive Care Unit (SICU). 
Routine laboratory tests on admission to SICU re-
vealed hemoglobin of 116 g/L and total leukocyte 
count of 34.891 cells per mL. Blood glucose, and 
kidney and liver function tests were normal. Th e 
chest X-ray was also normal and there was no free 
air under the diaphragm. On physical examina-
tion, she was dehydrated and her temperature was 
37.2 °C. Her pulse was 130/minute and blood pres-
sure was 90/60 mm Hg. Examination revealed a 
markedly distended abdomen with a taut abdomi-

nal wall, rigidity and guarding. Bowel sounds were 
absent. Plain abdominal radiography showed ileus 
with dilatation of the transverse and descending 
colon. A subsequent emergency laparotomy re-
vealed massive distension of the transverse and de-
scending colon, perforation, gangrene of colon and 
toxic megacolon. Subtotal colectomy was per-
formed. Postoperatively, we observed slow, partial, 
but steady clinical improvements and the patient 
was transferred from SICU to a general surgery 
ward. A few days later she developed peritonitis 
caused by the dehiscence of the ileo-sigmoid anas-
tomosis. She underwent surgery again and intra-
peritoneal lavage and ileostomy were performed. 
Th e patient was aggressively treated in the SICU, 
but despite treatment she developed multi-organ 
failure and died aft er developing septic shock.

Patient 2

A 35-year-old, mildly mentally retarded female has 
been hospitalized for almost a month in the surgi-
cal department in our hospital because of peritoni-
tis complicating a perforated gangrenous appen-
dix. She was treated with a combination of antibi-
otics. Two days aft er discharge she developed 
diarrhea, high fever and abdominal pain. Upon 
physical examination she was febrile up to 39.0 °C, 
tachycardic, hypotensive, and moderately dehy-
drated. She presented with a mildly distended ab-
domen with absent bowel sounds. Urine and stool 
culture and two sets of peripheral blood cultures 
were obtained and supportive measures were initi-
ated. A CT scan was also obtained and revealed 
multiple dilated air-fl uid loops in small and large 
bowel with ileus. Intraoperatively, strangulation 
was observed, adhesiolysis and partial resection of 
the ileum were performed, and the patient was 
transferred to the Surgical Intensive Care Unit 
(SICU). Piperacillin/tazobactam was started empi-
rically. On the fourth postoperative day she again 
developed vomiting and diarrhea. Acinetobacter 
baumanii was isolated from hemocultures and 
Pseudomonas aeruginosa from urinoculture. She 
received 1.0 g intravenous imipenem 8-hourly, but 
despite antibiotics she developed septic shock and 
required intubation with mechanical ventilation, 
aggressive fl uid and vasopressor support. Emer-
gency CT scan showed toxic megacolon features 
without perforation. She was operated on again 
and hemicolectomy with ileostomy was performed. 
Postoperatively, the symptoms of severe sepsis pro-
gressed and intravenous imipenem therapy was 
continued in accordance with the hemo- and uri-
nocultures. Th e stool sample result received the 
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following day was positive for C. diffi  cile toxin and 
therapy with 250 mg vancomycin four times a day 
was initiated through a nasogastric tube. She also 
developed severe leukopenia (lowest WBC 0.132x
109/L) and the aspiration of the bone marrow re-
vealed toxic changes with a left  shift , suggestive of 
secondary infection. Leukopenia did not improve 
with fi lgrastim. Despite all supportive intensive 
measures she subsequently progressed to a refrac-
tory shock which eventually led to death.

Patient 3

An 85-year-old woman arrived at the Emergency 
Department complaining of abdominal pain, bloat-
ing, vomiting and diarrhea over three days. Two 
weeks earlier she had a urinary tract infection and 
was treated with ciprofl oxacin. Th e stool sample 
taken a day before was positive for C. diffi  cile toxin 
and treatment was begun with 125 mg oral vanco-
mycin four times daily. Upon physical examina-
tion, she was in very poor general condition, with 
clinical signs of severe dehydration, blood pressure 
of 70/40 mmHg, heart rate of 116/min, and tem-
perature 37.5 °C. Her abdomen was distended and 
tender on palpation without rebound tenderness. 
Laboratory data revealed leukocytosis (20,164 cell/
mL), and acute renal failure with hyperkalemia 
(urea 30.6 mmol/L, creatinine 259 μmol/L, potas-
sium 5.9 mmol/L). Analysis of arterial blood gases 
showed: pH 7.41, PCO

2
 3.7 kPa, PO

2
 12.34 kPa, 

and bicarbonates 17 mmol/L. A working diagnosis 
of pre-renal failure secondary to vomiting and di-
arrhea was made. Urinary output improved with 
intravenous hydration and the patient was trans-
ported to the operating room. Emergency explora-
tory laparotomy, performed to exclude acute intra-
abdominal process, revealed only mildly edema-
tous colon and ascites and only nontherapeutic 
laparotomy was performed. Postoperatively, she 
developed manifestations of protein-losing enter-
opathy, including massive ascites, peripheral ede-
ma, and markedly decreased levels of albumin (16 
g/L). Although the result of the following cytotoxin 
assay of stool sample was in the meantime nega-
tive, diarrhea was still present. In addition, she de-
veloped hypotension, tachycardia, and respiratory 
failure. Despite extremely aggressive measures, in-
cluding mechanical ventilation, fl uid management 
and inotropic support, the patient’s condition rap-
idly deteriorated and she died.

Patient 4

An 89-year-old woman from a long-term care fa-
cility was admitted to our hospital for the fi rst time 

because of worsening dementia, high fever (38.7 
°C), reduced oral intake, abdominal cramps and 
diarrhea for several days. A week earlier she had an 
upper respiratory tract infection and was treated 
with oral antibiotics (amoxicillin/clavulanate). On 
arrival, a chest X-ray showed bilateral lung infi l-
trates and she received empirical therapy with in-
travenous ceft riaxon 1 g twice daily. Urine and 
stool culture and two sets of peripheral blood cul-
tures were obtained. Blood and urine culture were 
negative, but C. diffi  cile cytotoxin was detected in 
her stool. She was treated with intravenous fl uids 
and 125 mg vancomycin four times daily day for 10 
days. With above measures taken, she showed im-
provement in symptoms and the leukocyte counts 
which were initially raised were reduced to normal 
range. At this stage she was transferred to the geri-
atric unit in a psychiatric hospital and then to a 
long-term care facility. Aft er two days she become 
febrile again with high temperatures up to 39.4 °C 
and was transferred to our hospital and admitted 
in the SICU. She also developed diarrhea and elec-
trolyte imbalance in the form of hypokalemia (2.14 
mmol/L). Laboratory examination showed moder-
ate leukocytosis (11.8x109L) and increased C-reac-
tive protein (219 mg/L). Although urine- and he-
mocultures were negative, stool specimens were 
again positive for C. diffi  cile. She was treated with 
oral vancomycin in higher doses, 250 mg four 
times daily. Despite antimicrobial therapy and in-
tensive therapy measures the diarrhea worsened, 
the patient developed advanced shock and died.

Patients 5-14

Mild to moderate diarrhea was observed in all other 
patients. Th ey were treated with intravenous fl uids, 
administration of metronidazole or vancomycin 
until the symptoms resolved.

RESULTS AND DISCUSSION

All 14 patients included in this case report received 
antibiotics for other illnesses prior to developing 
the symptoms of colitis. Patients with severe C. dif-
fi cile colitis were more likely to have abdominal 
pain, tenderness, distention, peritonitis, and ele-
vated or suppressed white blood cell count. Th ree 
patients who presented with an acute abdomen 
underwent emergency surgery. One patient under-
went subtotal colectomy, another hemicolectomy 
with ileostomy and in one patient only an explora-
tory laparotomy was performed. Eleven patients 
were treated conservatively. Th e mortality rate was 
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28%. All patients who presented with acute abdo-
men, and one patient without surgical interven-
tion, died (Table 1).

Clinical manifestations of C. diffi  cile infection 
range from an asymptomatic carrier state to unex-
plained leukocytosis in the absence of diarrhea to a 
fulminant colitis with toxic megacolon (3). Severity 
of disease depends mainly on subjective variables, 
and virulence of the infecting strain of C. diffi  cile 
(4). Th e following risk factors have been reported 
for C. diffi  cile: diarrhea, old age, impaired immune 
function, severity of underlying diseases, intestinal 
retention, renal failure, chemotherapy, presence of 
a nasogastric tube, anti-ulcer medications, dura-
tion of hospital stay, duration of antibiotic course, 
administration of multiple antibiotics, and surgery 
in the gastrointestinal system (5). C. diffi  cile colitis 
results from a disturbance of the normal bacterial 
fl ora of the colon, colonization with C. diffi  cile, and 
release of toxins that cause mucosal infl ammation 
and damage. Recent use of antibiotics remains the 
most common risk factor for the development of 

C. diffi  cile colitis and it can occur even aft er a single 
dose of almost any antibiotic (6). In our study all 
but one of the patients were treated with antibiotics 
prior to admission to hospital (92%), and more 
than 85% of patients were older than 65 years.

While most our patients with C. diffi  cile presented 
with mild to moderate diarrhea recovered com-
pletely and no complication occurred, four of them 
developed severe form of disease and died. Two 
patients developed fulminant colitis with severe 
abdominal pain and diarrhea, abdominal disten-
tion, fever and marked leukocytosis. In both pa-
tients colitis was complicated by toxic megacolon, 
and in one of them by bowel perforation. Toxic 
megacolon is a clinical diagnosis based upon the 
fi nding of colonic dilatation accompanied by se-
vere systemic toxicity. It was fi rst described by 
Marshak et al. (7) in 1950 and is a known compli-
cation of C. diffi  cile colitis. Th e incidence of toxic 
megacolon associated with C. diffi  cile colitis varies 
from 0.4%-3% of cases (8,9) while mortality rates 
may reach up to 80% (9).

When toxic megacolon complicates C. diffi  cile 
pseudomembranous colitis, surgery is required in 
65–71% of cases. (10). Subtotal colectomy with il-
eostomy is the procedure of choice for toxic mega-
colon. Outcomes are worse if partial colectomy is 
performed, perhaps owing to residual diseased 
bowel left  in place. Grundfest-Broniatowski et al. 
(11) reported a 24% mortality rate for subtotal 
colectomy compared to 40% for sigmoid resection 
alone. In a study by Koss et al. (12), total colectomy 
resulted in a lower mortality rate (11%) compared 
to those with a left  hemicolectomy (100%). Con-
cerning the timing of surgery, colectomy was prov-
en most benefi cial for immunocompetent patients 
aged ≥65 years with the white blood cell count 
≥20,000 cells/microL and/or a plasma lactate 
between 2.2 and 4.9 meq/L (13). In our study both 
patients died regardless of the type of surgery treat-
ment, which confi rms that toxic megacolon and 
perforation still represent potentially lethal com-
plication.

One of our patients presented with atypical presen-
tation of C. diffi  cile that occurs in a small number 
of patients who usually have subacute C. diffi  cile. 
Such patients have hypoalbuminemia secondary to 
pancolitis, which causes leaking of serum albumin 
through the infl amed mucosa. As a result, serum 
albumin levels may drop below 20 g/L. Our patient, 
aft er non-therapeutic laparotomy was performed, 
developed protein-losing enteropathy with ascites 
and severe hypoalbuminemia with serum albumin 
levels of 16 g/L. Low serum albumin is a well-rec-

Table 1. Characteristics of C. diffi  cile infection in ICU 
patients

Variables N %

Age, years

≤65 12 85.7

>65 2 14.3

Male gender 2 14.3

Diagnosis on admission

Trauma 2 14.3

Gastrointestinal disease 12 85.7

Interval between hospitalization 
and C, mean days ± SD

9. ± 7.2 -

Length of hospital stay: 
mean days ± SD

22.0± 12.9 -

Days with diarrhea before 
positive C. diffi  cile toxin assay, 
mean ± SD (range)

2.9 ± 1.8
(0-8) 

-

Received antimicrobial therapy 
prior to C

13 92.0

Initial antibiotic treatment course

Metronidazole 6 43.9

Vancomycin 8 57.1

Continued administration 
of antimicrobial therapy aft er C

6 43.9

In-hospital mortality 4 28.5
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ognized marker for malnutrition and is strongly as-
sociated with poor clinical outcome in C. diffi  cile 
colitis (14).

Recurrence is a complication of C. diffi  cile-associa-
ted diarrhea and occurs in 5%–35% of patients af-
ter discontinuation of therapy (14-16). Symptoms 
return most commonly within a few days aft er 
therapy has been completed; however, they may re-
cur aft er as long as eight weeks. Patients with re-
current symptoms are at an even greater risk of 
further relapses, each new one making eradication 
more diffi  cult. Th e recurrence rate for those with 
two or more relapses is 65%. Physiopathology of 
recurrence may be explained either by the endoge-
nous persistence of C. diffi  cile spores (relapse) or 
by the acquisition of a new strain from an exogeno-
us source (reinfection). Recurrent infection is not 
due to antibiotic resistant organisms and two anti-
biotics still remain specifi cally eff ective against C. 
diffi  cile in vivo: metronidazole and vancomycin. 
Metronidazole can be used for initial treatment of 
non-severe C. diffi  cile infection. Th e recommend-
ed regimen is 500 mg three times daily or 250 mg 
four times daily for 10 to 14 days (17). If oral van-
comycin is used, the recommended dose is 125 mg 
four times daily. Oral vancomycin is not absorbed 
systemically and achieves predictably high levels in 
the colon. Dosing regimens of 125 mg four times 
daily and 500 mg four times daily are equally eff ec-
tive for the treatment of non-severe C. diffi  cile in-
fection (18). Intravenous vancomycin has no eff ect 
on C. diffi  cile colitis since the antibiotic is not 
excreted appreciably into the colon. To date, C. dif-
fi cile resistance to metronidazole or vancomycin 
has not been found. In our case, the patients deve-
loped a severe form of reinfection, which made 
eradication diffi  cult and led to multiple organ fai-
lure and death.

CONCLUSION

C. diffi  cile-associated diarrhea continues to be a 
problem in the health care setting and the inci-
dence appears to be increasing. C. diffi  cile infection 
is recognized as the most frequent cause of antibi-
otic-associated diarrhea and colitis and it is associ-
ated with high mortality. To reduce mortality from 
this increasingly common disease, high risk pa-
tients should be identifi ed and monitored, with 
early surgical intervention in those who do not re-
spond to medical treatment. Th e occurrence of 
sepsis, sepsis-induced acute respiratory distress 
syndrome (ARDS), or multi-organ failure is inevi-
table at times. Meanwhile, all clinicians and espe-

cially critical care physicians should maintain 
awareness of the changing epidemiology of C. diffi  -
cile-associated diarrhea and undertake measures 
to reduce the risk of disease in their patients.

REFERENCES

 1. Gerding DN, Johnson S, Peterson LR, Mulligan 
ME, Silva J Jr. Clostridium diffi  cile-associated 
 di arrhea and colitis. Infect Control Hosp Epi-
demiol 1995;16:459-77. http://www.biomedcen-
tral.com/sfx_links.asp?ui=1471-2334-7-42&bibl 
=B3

 2. Al-Tureihi FI, Hassoun A, Wolf-Klein G, Isen-
berg H. Albumin, length of stay, and proton 
pump inhibitors: key factors in Clostridium dif-
fi cile-associated disease in nursing home pa-
tients. J Am Med Dir Assoc 2005; 6: 105-8.

 3. Kelly CP, Pothoulakis C, Lamont JT. Clostridium 
diffi  cile colitis. N Engl J Med 1994; 330: 257-62.

 4. Bartlett JG. Antibiotic-associated diarrhea. Clin 
Infect Dis 1992; 15: 573-81.

 5. Hurley BW, Nguyen CC. Th e spectrum of pseu-
domembranous enterocolitis and antibiotic-as-
sociated diarrhea. Arch Intern Med 2002; 162: 
2177-84.

 6. Hall J, Berger D. Outcome of colectomy for Clo-
stridium diffi  cile colitis: A plea for early surgical 
management. Am J Surg 2008; 196: 384-8.

 7. Marshak RH, Lester LJ. Megacolon, a complica-
tion of ulcerative colitis. Gastroenterology 1995; 
16: 768-72.

 8. Berman L, Carling T, Fitzgerald TN et al. Defi n-
ing surgical therapy for pseudomembranous co-
litis with toxic megacolon. J Clin Gastroenterol-
ogy 2008; 42: 476-80.

 9. Earhart MM. Th e identifi cation and treatment of 
toxic megacolon secondary to pseudomembra-
nous colitis. Dimens Crit Care Nurs 2008; 27: 
249-54.

10. Morris JB, Zollinger RM, Stellato TA. Role of 
surgery in antibiotic induced pseudomembra-
nous enterocolitis. Am J Surg 1990; 160: 535-9.

11. Grundfest-Broniatowski S, Quader M, Alexan-
der F, Walsh RM, Lavery I, Milsom J. Clostrid-
ium diffi  cile colitis in the critically ill. Dis Colon 
Rectum 1996; 39: 619-23.

12. Koss K, Clark MA, Sanders DS, Morton D, 
Keighley MR, Goh J. Th e outcome of surgery in 
fulminant Clostridium diffi  cile colitis. Colorec-
tal Dis 2006; 8: 149-54.



64

Su
p

p
l.

 2
, 2

0
1

2

V. Nesek Adam. Clostridium diffi  cile infection Neurol Croat Vol. 61, Suppl. 2, 2012

13. Lamontagne F, Labbé AC, Haeck O et al. Impact 
of emergency colectomy on survival of patients 
with fulminant Clostridium diffi  cile colitis du-
ring an epidemic caused by a hypervirulent stra-
in. Ann Surg 2007; 245: 267.

14. Nair S, Yadav D, Corpuz M, Pitchumoni CS. 
Clostridium diffi  cile colitis: Factors infl uencing 
treatment failure and relapse: A prospective eva-
luation. Am J Gastroenterol 1998; 93: 1873-6.

15. Wilcox MH, Spencer RC. Clostridium diffi  cile 
infection: responses, relapses and re-infections. J 
Hosp Infect 1992; 22: 85-92.

16. Centers for Disease Control and Prevention. Re-
commendations for preventing the spread of 
vancomycin resistance: recommendations of the 
Hospital Infection Control Practices Advisory 
Committee (HICPAC). MMWR Morb Mortal 

Wkly Rep 1995, 44(RR-12):1-13. Available at:
http://www.cdc.gov/mmwr/PDF/rr/rr4412.pdf.

17. Bolton RP, Culshaw MA. Faecal metronidazole 
concentrations during oral and intravenous the-
rapy for antibiotic associated colitis due to Clo-
stridium diffi  cile. Gut 1986; 27: 1169.

18. Fekety R, Silva J, Kauff man C et al. Treatment of 
antibiotic-associated Clostridium diffi  cile colitis 
with oral vancomycin: comparison of two dosa-
ge regimens. Am J Med 1989; 86: 15.

Corresponding author: Višnja Nesek Adam, MD, 
University Department of Anesthesiology, Resusci-
tation and Intensive Care, Sveti Duh University Hos-
pital, Sveti Duh 64, 10000Zagreb, Croatia; e-mail:
visnja.nesek@hotmail.com

Infekcija bakterijom Clostridium diffi  cile u kirurškoj 
jedinici intenzivnog liječenja: prikazi bolesnika

SAŽETAK - Infekcija uzrokovana bakterijom Clostridium diffi  cile čest je uzrok pobola i smrtnosti hospitali-

ziranih bolesnika. Klinička slika može biti različita, a očituje se simptomima koji polaze od blagog, antibio-

tikom uvjetovanog proljeva do teškog pseudomembranskog kolitisa i toksičnog megakolona. U malom broju 

bolesnika može se razviti klinička slika naglo nastale infekcije s C. diffi  cile te neki od tih bolesnika zahtijevaju 

hitno kirurško liječenje i prijam u Jedinicu intenzivnog liječenja.

U ovom članku dajemo retrospektivnu analizu kliničkog tijeka i ishoda liječenja 14 bolesnika s dokazanom 

infekcijom s C. diffi  cile zaprimljenih u Jedinicu intenzivnog liječenja kirurških bolesnika tijekom 12 mjeseci, 

te kratki pregled literature. Svi bolesnici osim jednog zbog neke su druge bolesti prethodno liječeni antibio-

ticima. Kod bolesnika s kliničkom slikom teškog kolitisa prevladavali su grčeviti bolovi u trbuhu, distenzija 

uz znakove peritonitisa, te povišene ili jako snižene vrijednosti leukocita. Tri bolesnika podvrgnuta su hit-

nom kirurškom zahvatu zbog kliničke slike akutnog abdomena: kod jednog je učinjena subtotalna kolekto-

mija, kod drugog hemikolektomija s ileostomom, dok je kod treće bolesnice učinjena samo eksplorativna 

laparotomija. Jedanaest bolesnika liječeno je konzervativno. Smrtnost je iznosila 28%. Umrli su svi bolesnici 

koji su primljeni s kliničkom slikom akutnog abdomena kao i jedan bolesnik koji nije kirurški zbrinut. Bole-

snici s kliničkom slikom teškog kolitisa uzrokovanog s C. diffi  cile, koji su primljeni s kliničkom slikom akut-

nog abdomena, još uvijek predstavljaju skupinu sa smrtonosnim entitetom.

Ključne riječi: u bolnici stečena infekcija s Clostridium diffi  cile, kolitis, infekcija
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Acute poisoning in Intensive Care Unit

Ana Godan, Ivan Gornik, Vladimir Gašparović

ABSTRACT - Because of the development of respiratory insuffi  ciency, artifi cial mechanical ventilation was 

applied in 32 patients (23%) while 13 patients (9.3%) required vasoactive therapy. Due to the development of 

acute renal insuffi  ciency, 3 patients (2.1%) underwent hemodialysis. Despite active approach to treatment of 

the admitted patients, 10 died of poisoning (7%) in the four year period. In the four year period, 139 acutely 

poisoned patients were admitted to the Intensive Care Unit, Department of Internal Medicine. In our paper 

we researched the reasons for admissions to hospital, specifi cs and characteristics of hospitalization, and the 

outcome of acutely poisoned patients. Th e most common poisoning causes in patients who were admitted to 

the Institute for Intensive Care Medicine were psychopharmaceuticals and drugs (methadone), while the 

third most common cause was alcohol poisoning. Average hospitalization period at the Institute for Inten-

sive Care Medicine was 5.2 days. Th e analysis of poisoning types based on gender shows that the incidence 

rate was insignifi cantly higher among men (51.1%) whereas among women it amounted to 48.9%. Infl amma-

tory processes, like pneumonia caused by aspiration or hypoventilation with consecutive respiratory insuf-

fi ciency and sepsis were the most frequent complication in poisoning. Sepsis caused by nosocomial agents is 

also a serious problem, mostly as a consequence of aspiration, catheter sepsis caused by placement of the 

central venous line, and VAP caused by prolonged mechanical ventilation. Acute poisoning calls for an ur-

gent doctor’s intervention so that the cause of poisoning is diagnosed as early as possible and that a timely 

and targeted treatment in case there is an antidote is administered to the patient. Symptomatic treatment of 

a poisoned patient is the primary approach which decreases the possibility of further complications that may 

increase mortality among patients.

Key words: acute poisoning, ICU

INTRODUCTION

Acute poisoning is a clinical syndrome which oc-
curs when an organism is exposed to toxic sub-
stances. Depending on their quantity and quality 

Division of Intensive Care Medicine, Department of 
Medicine, Zagreb University Hospital Center, Zagreb, 
Croatia
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(chemical and/or physical), toxic substances which 
enter the body cause disturbances to its functional 
and anatomical structures and present immediate 
life threat to such patients.

Acute poisoning as a clinical syndrome calls for ur-
gent physician’s intervention and, because of nu-
merous diff erent types of poisoning, it presents a 
great diagnostic and therapeutic challenge. Diffi  -
culties in diagnosing the causes of poisoning make 
adequate therapeutic approach challenging and 
decrease the possibility of adequate therapeutic 
treatment, thereby endangering patients’ lives. In 
this paper we researched the reasons for hospital 
admissions, the specifi cs and characteristics of 
hospitalization, and the outcome of acutely poi-
soned patients.

Th e most common causes of poisoning in patients 
who are hospitalized at the Institute for Intensive 
Care Medicine are the abuse of large quantities of 
psychopharmaceuticals, alcohol and drugs.

PATIENTS AND METHODS

All patients admitted to Emergency Division of the 
Department of Internal Medicine, University Hos-
pital Center (UHC) Zagreb and transferred to In-
tensive care unit were included in the study. Ad-
mission records of the Intensive Care Unit at the 
Department of Internal Medicine were the source 
of data. In the four year period from January 1, 
2007 until December 31, 2010, a total of 139 pa-
tients with acute poisoning were hospitalized at the 
Division of Intensive Care Medicine, UHC Zagreb. 
Th e data were obtained from medical records of 
hospitalized patients. Th e incidence rate of each 
type of poisoning is shown in Figure 1. Th e fi gure 

shows that the three leading causes of hospitaliza-
tion due to poisoning are caused by the abuse of 
psychopharmaceuticals (52 patients), methadone 
(40 patients) and alcohol (38 patients).

Th e concentration was determined using Toxi-lab 
analysis, Inc, Irvine, CA, a device which is a com-
mercial TLC system used for detecting and identi-
fying a large array of drugs: base, acid and neutral 
drugs (analgesics, stimulants, tranquilizers, bar-
biturates) and addictive substances.

Th e sensitivity of this method for the majority of 
drugs, including the majority of opioids, is around 
1000 ng/mL. For determining codeine, dihydroco-
deine, hydrocodone, hydromorphine, morphine 
and 6-acetyl morphine, the limit of detection is 
about 200 ng/mL. Th e identifi cation of substance is 
achieved by comparing unknown substance with 
the standard; the substance should have the same 
distance from the original line and the same char-
acteristic color.

Th e data were processed using statistical analysis.

RESULTS

Th e results of the analysis of the incidence rate 
of poisoning caused by each agent are shown in 
Fig. 1.

Fig. 1 shows that the most frequent cause of hospi-
talization at our Institute was poisoning with psy-
chopharmaceuticals and drugs (methadone). Av-
erage hospitalization period at the Institute for In-
tensive Care Medicine was 5.2 days.

Th e analysis of poisoning types based on gender 
shows that the incidence rate of hospitalization in 

Fig. 1. Analysis of the incidence rate of poisoning
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ICU is insignifi cantly higher among men (51.1%), 
whereas among women it amounts to 48.9%.

Because of the development of respiratory insuffi  -
ciency, artifi cial mechanical ventilation was ap-
plied in 32 patients (23%) while 13 patients (9.3%) 
required vasoactive therapy. Due to the develop-
ment of severe acute kidney injury, 3 patients 
(2.1%) underwent hemodialysis. Despite active ap-
proach to treatment of admitted patients, 10 died 
of poisoning (7%) in the four year period.

Th e analysis of poisoning types according to years 
shows that the largest number of intoxications hap-
pened in 2009, i.e. 37 patients (27.2%), especially 
in the fi rst half of the year.

DISCUSSION

Th e most common etiology of acute intoxications 
at our ICU were psychopharmaceuticals. Th e abuse 
of psychotropic drugs, narcotic drugs, results in 
central sedation, respiratory insuffi  ciency, whereas 
the paresis of vasomotor leads to both central and 
peripheral circulatory insuffi  ciency. Prolonged ly-
ing of an unconscious patient results also in mus-
cular lesions with muscular cell damage and con-
secutive acute kidney injury.

In patients who are acutely exposed to a toxic sub-
stance, severe disorders of consciousness oft en oc-
cur so the attempt to identify the toxin is facilitated 
by determining the existing toxic syndrome. Ac-
cording to the etiology of the patient’s unconscious 
condition at the moment of admission, toxic syn-
drome can be classifi ed as cholinergic, anticholin-
ergic, sympathomimetic and severe metabolic aci-
dosis.

Salivation, bronchorrhea, lacrimation, lung edema, 
urinary and fecal incontinence, gastrointestinal 
spasm, confusion and depression of CNS are char-
acteristic of cholinergic syndrome. Th e symptoms 
are observed in cases of insecticide, physostigmine 
and some mushroom poisoning.

Mucosal dryness, redness, hyperpyrexia, slowdown 
of peristalsis, spasms, urine retention and dilated 
pupils, and delirium are characteristic of anticho-
linergic syndrome. Th is syndrome is associated with 
antihistamines, antiparkinsonics, drugs, atropine, 
antidepressants and antipsychotics, and Amanita 
muscaria mushroom poisoning.

Sympathomimetic syndrome manifests in hyper-
pyrexia, diaphoresis, enhanced refl ex activity, hy-
pertension, mydriasis, and paranoia, and it occurs 

as a consequence of psychoactive drug, theophyl-
line and caff eine poisoning.

Toxic syndrome characterized by severe metabolic 
acidosis which can lead to unconsciousness, severe 
respiratory insuffi  ciency as well as circulatory 
shock that requires vasoactive substances, is caused 
by diff erent alcohols (methanol, ethylen glycol, iso-
propyl alcohol). Th e cause of poisoning which is 
detected in a timely manner largely helps in fur-
ther treatment.

Th in layer chromatography enables the detection 
of agents in a period of a few hours, thus enabling 
doctors’ fast reaction and timely administration of 
antidotes or extracorporeal elimination of poison.

According to our data, poisoning caused by psy-
chopharmaceuticals is the most common cause of 
death (5 patients; 50% of the total number of deaths 
caused by poisoning) because of the development 
of complications, primarily nosocomial infections 
during mechanical ventilation. Severe poisoning 
cases require the application of artifi cial mechani-
cal ventilation that was performed in the case of 33 
patients. Out of the total number of patients who 
were mechanically ventilated, the poisoning of 
45.4% was caused by psychopharmaceuticals while 
39.3% of patients underwent ventilation because of 
methadone intoxication. Using respiratory support 
on a ventilator for treating respiratory insuffi  ciency 
is only the initial step in solving the problem in an 
intensive care unit. Pulmonary aspiration in coma-
tose acutely poisoned patients, pharmacological, 
nosocomial infectious agents, and ventilator-asso-
ciated pneumonias are reasons which lead to com-
plications and a prolonged need for artifi cial venti-
lation. Associated comorbidities (chronic obstruc-
tive pulmonary disease, coronary diseases, diabetes, 
vasculopathy) are further factors which infl uence 
the fi nal outcome in these patients. Central and pe-
ripheral vasomotor depression is the cause of fur-
ther complications in acutely poisoned patients 
leading to hypotension with its consequences. A 
long time comatose patients are usually recumbent 
until they are found and until fi rst aid is adminis-
tered to them; this can lead to muscle damage 
which is characterized by high levels of muscle en-
zymes which further cause acute renal damage re-
quiring dialysis. Mushroom poisoning – mycetism, 
with a long period of incubation was recorded in 6 
patients who were hospitalized at our Institute dur-
ing the four-year period, which is less compared to 
the number of patients in the 1986-1993 period 
when there was an annual average of 5-6 severely 
intoxicated patients admitted. Acute poisoning 
calls for an urgent doctor’s intervention so that the 
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cause of poisoning is diagnosed as early as possible 
and that a timely and targeted treatment - in case 
there is an antidote - is administered to the patient. 
Symptomatic treatment of a poisoned patient char-
acterized with the care for adequate respiratory 
and circulatory support and fast elimination of 
toxic agents as well as antidote use, if appropriate, 
is the primary approach which decreases the pos-
sibility of further complications that would in-
crease the mortality of patients, documented also 
in our study.
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Akutno otrovanje u jedinici intenzivnog liječenja

SAŽETAK - Zbog razvoja respiracijske insufi cijencije artifi cijelna mehanička ventilacija primjenjivana je u 

32 bolesnika (23%), dok je vazoaktivnu terapiju zahtijevalo 13 bolesnika (9,3%). Zbog razvoja akutne 

bubrežne insufi cijencije postupku hemodijalize podvrgnuta su 3 bolesnika (2,1%). Usprkos aktivnom pri-

stupu liječenju, 10 bolesnika preminulo je od posljedica otrovanja (7%) u razdoblju od 4 godine. U razdoblju 

od 4 godine u Intenzivnoj jedinici Klinike za unutarnje bolesti hospitalizirano je 139 bolesnika s kliničkom 

slikom akutnog otrovanja. U našem smo radu istražili razloge prijma, specifi čnosti i karakteristike tijeka 

hospitalizacije, te ishod akutno otrovanih pacijenata. Najučestalija otrovanja kod bolesnika koji su hospitali-

zirani u Zavodu za intenzivno liječenje su otrovanja psihofarmacima i drogama (metadon), dok je učestalost 

otrovanja alkoholom na trećem mjestu. Prosječno vrijeme hospitalizacije u Zavodu za intenzivno liječenje 

bilo je 5,2 dana. Analizirajući raspodjelu otrovanja prema spolu, učestalost je neznatno veća u muškoj popu-

laciji (51,1%), dok u ženskoj populaciji učestalost iznosi 48,9%. Najčešća komplikacija otrovanja bili su upal-

ni procesi. Ozbiljan su problem i sepse povezane s nozokomijalnim uzročnicima, većinom kao posljedica 

postavljanja centralnoga venskog katatera i mehaničke ventilacije. Akutna otrovanja nalažu hitnu interven-

ciju liječnika u svrhu što ranijeg identifi ciranja uzroka otrovanja, a time i pravovremenoga ciljanog liječenja 

u slučaju da postoji antidot. Simptomatsko zbrinjavanje otrovane osobe primaran je pristup liječenju kojim 

se smanjuje mogućnost nadolazećih komplikacija koje povećavaju smrtnost bolesnika.

Ključne riječi: akutna otrovanja, jedinica intenzivne skrbi
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Hemophagocytic syndrome associated 
with human herpesvirus I: a case report

Vlatko Grabovac, Mirjana Kardum-Pejić, Sanda Sokol

ABSTRACT - Virus-associated hemophagocytic syndrome is a fulminant disorder accompanied with sys-

temic viral infection and characterized pathologically by multiple-organ infi ltration of hemophagocytic his-

tiocytes into lymphoreticular tissues. We report a case of a 36-year-old male with Herpes simplex virus-as-

sociated hemophagocytic syndrome who presented with the features of severe sepsis which progressed to 

multisystem organ failure and death despite aggressive supportive measures.

Key words: hemophagocytic syndrome; sepsis; Herpes simplex virus

Department of Internal Medicine, Dubrava University 
Hospital, Zagreb, Croatia

INTRODUCTION

Th e hemophagocytic syndrome (HPS) represents a 
severe and aggressive hyperinfl ammatory disease 
with major diagnostic and therapeutic diffi  culties. 
It is a sepsis-like syndrome caused by severe hyper-
cytokinemia as a result of a highly stimulated but 
ineff ective immune response (1,2). Despite increas-
ing insights into its genetic and immunologic basis, 
HPS remains a syndromic disorder, defi ned and 
diagnosed by a unique pattern of clinical fi ndings.

HPS is characterized by prolonged fever, cytopenia 
aff ecting at least two of three lineages, hepato-
splenomegaly, abnormal liver function and the 
pathologic fi nding of hemophagocytosis (phagocy-
tosis of erythrocytes, leukocytes, platelets, and their 
precursors by macrophages) in bone marrow (1,2,5). 
Diagnostic criteria for this disorder are shown in Ta-
ble 1 as edited by the Histiocyte Society. HPS may be 
the consequence of a familial immune dysregulatory 

disorder (primary or familial HPS) or be associated 
with a number of diff erent infections, autoimmune 
disorders or malignancies (secondary form). Fre-
quent triggers are infectious agents, especially Ep-
stein-Barr virus, Cytomegalovirus, Parvovirus, Vari-
cella zoster virus, Human herpes Virus and HIV 
infection alone or in combination. EBV is the most 
common infectious agent (3).

We report a patient with Human Herpesvirus 1-as-
sociated hemophagocytic syndrome who present-
ed with the features of severe sepsis.

Table 1. Diagnostic criteria for HPS:

One of two criteria should be present for correct 
diagnosis

1)  Molecular diagnosis of familial hemophagocy-
tosis (Pathologic mutations of Perforin (PRF1), 
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SH2D1A/SAP, UNC13D, Syntaxin11 (STX11), 
MUNC18-2, Ras-related Protein Rab27a (RA-
B27a))

Or

2)  Five out of eight diagnostic criteria listed below 
are fulfi lled:

1. Fever ≥ 38.5°C

2. Splenomegaly

3.  Cytopenias (aff ecting at least 2 of 3 lineages 
in the peripheral blood):

Hemoglobin < 9 g/dl (in infants < 4 weeks: 
hemoglobin < 10 g/dl)

Platelets < 100x103/ml

Neutrophils < 1x103/ml

4.  Hypertriglyceridemia (fasting > 265 mg/dl) 
and/or hypofi brinogenemia (<150 mg/dl)

5.  Hemophagocytosis in bone marrow or spleen 
or lymph nodes or liver

6.  Low or absent NK-cell activity

7.  Ferritin > 500 ng/ml

8.  Elevated soluble CD25 (alpha chain of solu-
ble IL-2 receptor)

CASE REPORT

A 36-year-old man presented to the emergency 
room with fever, fatigue and jaundice present for 
two months. Twelve years ago he was diagnosed 
with infl ammatory bowel disease and was in com-
plete remission for the last 4 years without medica-
tion. On admission the patient was found to be 
poorly responsive to questions and commands, fe-
brile (temperature of 38° C), and hypotensive 
(blood pressure 90/56 mmHg). Physical examina-
tion revealed splenomegaly, hepatomegaly and as-
cites, petechial skin rash covering his entire body. 
He had no lymphadenopathy. Initial laboratory 
tests showed pancytopenia (hemoglobin 94 g/L, 
white blood cell count (WBC) 1.7 x109/L, platelets 
28 x 109/L), abnormal liver function test results 
(alkaline phosphatase 357 U/L, gamma-glutamyl-
transferase (γGT) 241 U/L, asparate aminotrans-
ferase (AST) 1548 U/L, and alanine aminotrans-
ferase (ALT) 818 U/L), elevated triglycerides at 
3.42 mmol/l and elevated ferritin at >10,000 μg/L. 
C- reactive protein was 180 mg/L. Blood clotting 
tests showed severe hypofi brinogenemia with a 
normal value of international normalized ratio 
(INR) and of prolonged partial thromboplastin 

time (aPTT). Th e patient was admitted in Intensive 
Care Unit for further evaluation.

In the following hours/days, his clinical state wors-
ened with persistent high fever. Spontaneous bleed-
ing from the nasopharynx occurred, caused by dis-
seminated intravascular coagulation. An abdomi-
nal and chest CT (computed tomography) scan 
showed bilateral pulmonary eff usion, pericardial 
eff usion, hepatosplenomegaly, ascites and distend-
ed colon. No abnormalities were found in cranial 
CT. Blood and organ bacteria cultures were all neg-
ative. Further lab results showed complete suppres-
sion of immunoglobulin with decreased immu-
noglobulin (Ig) A and IgG. Serologic tests were 
negative for Parvovirus B19, Herpes simplex virus, 
viral hepatitis (A, B and C), HIV and Toxoplasma. 
Plasma polymerase chain reaction (PCR) for Ep-
stein-Barr virus (EBV) and cytomegalovirus (CMV) 
were both negative, but PCR for Herpes simplex 
virus 1 was positive. A bone marrow puncture-bi-
opsy was performed. Activated macrophages with 
hemophagocytosis were found, which together 
with the clinical and analytical data confi rmed the 
diagnosis of HPS. Positive plasma PCR with nega-
tive serology revealed primary, disseminated infec-
tion with herpes simplex virus-1 as the triggering 
pathogen. Th ese facts led us to believe that HPS 
was associated with the Herpes simplex virus-1.

Th e patient was immediately treated with high 
doses of corticosteroids, immunoglobulins and pa-
renteral acyclovir. As clinical conditions did not 
improve, treatment with etoposide was started ac-
cording to the Hemophagocytic Lymphohistiocy-
tosis (HLH) - 94 protocol. He was supported with 
massive transfusions of blood and fresh frozen 
plasma, albumin infusion, granulocyte-colony sti-
mulating factor (G-CSF), diuretics and broad- spec-
trum antibiotics.

However, the patient developed volume-refractory 
hypotension requiring escalating doses of vaso-
pressor agents and mechanical ventilation for pro-
gressive hypoxemia. His condition rapidly deterio-
rated and he suff ered a cardiac arrest from which 
he could not be resuscitated on day 5 following ad-
mission.

CONCLUSION

HPS is activation of mononuclear phagocyte sys-
tem cells, with hemophagocytosis in bone marrow 
and the rest of reticuloendothelial system. Th is ac-
tivation occurs due to hypersecretion of proinfl am-
matory cytokines (IFNγ, TNFα, IL6, IL10, M-CSF) 



71

Su
p

p
l. 2

, 2
0

1
2

Neurol Croat Vol. 61, Suppl. 2, 2012 V. Grabovac, M. Kardum-Pejić, S. Sokol. Hemophagocytic syndrome

as a consequence of a triggering agent which is of-
ten a viral infection (6). Th e underlying problem is 
dysfunction of T and natural killer cells which 
leads to an uncontrolled immunological response 
due to inability to eliminate the triggering agent.

HPS diagnosis is made based on clinical and histo-
logical criteria, as shown in Table 1. It is a syndrome 
which presents in many forms: fever of unknown 
origin, hepatitis/ acute liver failure, sepsis-like, Ka-
wasaki-like, and as neurologic abnormalities. Not 
all of the HPS diagnostic criteria may be present 
initially so it is important to follow clinical signs 
and laboratory markers of pathologic infl amma-
tion repeatedly to identify the trends (4).

Prompt initiation of immunochemotherapy is es-
sential for survival, but timely diagnosis may be 
challenging due to the rare occurrence of HPS, its 
variable presentation, and the time required to 
perform diagnostic testing. Th erapy is complicated 
by dynamic clinical course, high risk of treatment-
related morbidity, and disease recurrence.

Treatment is nowadays applied according to HLH 
protocol which is designed for primary HPS and 
also used in severe secondary HPS cases, like in 
our patient. Th e HLH-94 protocol includes an eight 
week induction therapy with dexamethasone, eto-
poside and intrathecal methotrexate. Th e principal 
goal of induction therapy is to suppress the life 
threatening infl ammatory process that underlies 
HPS. Th e Histiocyte Society opened a new trial in 
2004, HLH-2004, which is currently enrolling pa-
tients (4).

As physicians are commonly confronted with pa-
tients presenting with persistent fever, organome-

galy and pancytopenia, it should be remembered 
that this usually benign and frequently labeled ‘vi-
ral disease’ may masquerade a more sinister and 
fatal syndrome.
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Hemofagocitni sindrom udružen s humanim 
herpesvirusom tipa 1: prikaz bolesnika

SAŽETAK - Hemofagocitni sindrom udružen s virusom je fulminantni poremećaj popraćen sistemskom 

virusnom infekcijom i patološki obilježen višeorganskom infi ltracijom hemofagocitnih histiocita u limfore-

tikularna tkiva. Izvješćujemo o slučaju 36-godišnjeg muškarca s hemofagocitnim sindromom povezanim s 

virusom Herpes simplex koji je primljen s obilježjima teške sepse koja je uznapredovala u multisistemsko 

zatajenje organa i smrt unatoč agresivnim potpornim mjerama.

Ključne riječi: hemofagocitni sindrom; sepsa; virus Herpes simplex
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Malnutrition in ICU

Darija Vranešić Bender1, Željko Krznarić1,2, A. Kunović1, I. Rupčić1

ABSTRACT - Prevalence of malnutrition of the critically ill in the ICU ranges around 40%. Th e combination 

of stress and undernutrition observed in the ICUs is associated with negative energy balance, which leads to 

lean body mass loss. Catabolism of lean body mass has been repeatedly associated with the worsening of 

clinical outcome, increased length of hospital stay, prolonged recovery and increased healthcare costs. Th e 

optimal way to quantify malnutrition in the ICU is still a matter of debate, as the criteria have not been una-

nimously accepted. Th e patient’s physical aspect, his nutritional history and the presence of acute disease at 

admission to the ICU appear as the best tool to assess nutritional status. Daily energy expenditure for acutely 

ill patients ranges between 20 and 30 kcal·kg-1·day-1 and it is rarely higher than 30–35 kcal·kg-1·day-1 even in 

critically ill or stressed adult patients. Early identifi cation of nutritional status and provision of appropriate 

nutritional support for critically ill patients may reduce the length of ventilator dependence, ICU or hospital 

stay, and mortality.

Key words: hospital malnutrition, ICU, nutritional assessment, energy requirements

1Center of Clinical Nutrition, Department of Medicine, 
Zagreb University Hospital Center, Zagreb, Croatia
2School of Medicine, University of Zagreb, Zagreb, Croa-
tia

INTRODUCTION

Hospital malnutrition is associated with increased 
morbidity and mortality, particularly among pa-
tients admitted to intensive care units (ICUs). 
Prevalence of malnutrition among the critically ill 
in the ICU ranges around 40%. Malnutrition may 
compromise the intestinal barrier function, which 
prevents bacterial translocation to the blood and 
other organs and prolongs ventilator dependency 
as a result of failing to restore respiratory muscle 
strength and endurance.

Th e combination of stress and undernutrition ob-
served in ICUs is associated with negative energy 

balance, which leads to lean body mass loss. Ca-
tabolism of lean body mass has been repeatedly as-
sociated with the worsening of clinical outcome, 
increased length of hospital stay, prolonged recov-
ery and increased healthcare costs (1). Th e cata-
bolic response to injury can be modifi ed by treat-
ing and moderating its underlying cause but can-
not be completely reversed by nutritional support. 
Nutritional support can, however, eliminate star-
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vation and minimize tissue loss, as well as maintain 
function and optimize recovery (2).

In the ICU setting, the characteristics of patients 
have changed during the last decade. Patients are 
older, frequently overweight or obese, presenting 
with more chronic diseases and undernutrition. 
Th ese conditions are characterized by reduced 
muscle mass and vulnerable homeostasis (1).

Assessment of nutritional status

Th e optimal way to quantify malnutrition in the 
ICU is still a matter of debate, as the criteria have 
not been unanimously accepted (3). Although the 
assessment of current nutritional status is an im-
portant issue in ICU patients, it may be diffi  cult to 
estimate precisely with methods validated in other 
settings, using anthropometric or biological varia-
bles and functional tests (muscle, immune and 
cognitive function) to generate a risk score (for in-
stance, Subjective global assessment SGA (4), 
MUST (5) Nutritional Risk Index (NRI (6), MNA 
(7)), PINI (8). Importantly, these scores have been 
designed and validated in patients with chronic ill-
nesses, but not in acutely ill patients in whom sev-
eral features may infl uence the assessment. Th e 
PINI score is the only one in whom the infl amma-
tory status (C-reactive protein and orosomucoid 
(alfa-1 glycoprotein)) has been included.

Nevertheless, surgical scores, such as the prognos-
tic nutritional index (PNI), have not been validated 
in ICU settings. Th e actual weight is a source of 
confusion as it is not reliable for nutritional assess-
ment due to the enormous fl uid shift s observed in 
critically ill patients. Non-nutritional factors, such 
as fl uid balance and infl ammatory status, are more 
important determinants of body weight early dur-
ing clinical course so that the actual body mass in-
dex (BMI) becomes unreliable (3). However, low 
BMI, but not high BMI, is associated with increased 
mortality and worsened hospital discharge func-
tional status. Th e length of hospital stay is increased 
in severely obese patients and, to a lesser extent, in 
underweight patients. Patients in the overweight 
and obese BMI groups may have improved mortal-
ity and discharge functional status (9).

Protein indicators of malnutrition (plasma albu-
min <35 g/l, plasma transferrin <2 g/l), are also al-
tered by critical illness. Finally, anthropometric 
determinations such as the cutaneous skin-fold are 
rendered useless by edema. Th e patient’s physical 
aspect, his nutritional history and the presence of 
acute disease on admission to the ICU appear to be 

the best tools to assess nutritional status. Such clin-
ical assessment should be part of the routine, par-
ticularly in the most ill ICU patients (3).

Energy requirements of the patient in ICU

In the past, the aim of nutritional support was to 
reverse catabolism of critically ill patients and in-
duce positive nitrogen balance. Nutritional recom-
mendations were based mainly on the fi nding of a 
high level of protein catabolism during sepsis or 
critical illness and of high metabolic rates. Up to 
4000 kcal and 1 kg of glucose per day were given to 
critically ill patients. However, results of measure-
ments of energy expenditure have revealed that en-
ergy needs are actually much lower with modern 
methods of care (2). Th e ESPEN guidelines state 
that:

20-25 kcal.kg-1.h-1 should be given to patients in 
the acute and initial phase of critical illness and

25-30 kcal.kg-1.h-1 in the anabolic recovery pha-
se (10).

Daily energy expenditure is rarely higher than 30–
35 kcal·kg-1·day-1 even in critically ill or stressed 
adult patients. Moreover, excessive glucose loads 
can lead to an elevation of CO

2
 production and to 

increased needs for pulmonary ventilation. It has 
also been shown repeatedly that the total energy 
need of a critically ill or septic patient rarely ex-
ceeds 35 kcal·kg-1·day-1 and that excessive intakes 
of energy can further increase energy expenditure 
and ventilatory demand, as well as cause fatty liver, 
impaired liver function, cholestatic jaundice and 
mental confusion (2).

Excessive nutrient intake is considered to be much 
less frequent than undernutrition but relatively 
 recent observational data from the NutritionDay 
ICU project 2007-2008 suggest that almost as 
many patients receive an amount of nutrients above 
the target zone of 20-30 kcal.kg-1. h-1 as below this. 
Prescription of parenteral nutrition may be associ-
ated with overfeeding in more than half of the pa-
tients (11).

Th e eff ect of an energy supply below needs is not 
easily detected since the clinical manifestations of 
semi-starvation need time to become obvious in 
an individual patient. Moreover, the eff ect of semi-
starvation is similar to the eff ect of severe catabo-
lism induced by acute disease process. Sleepiness, 
loss of physical strength, repeated skin defects, and 
pressure sores should raise the suspicion of a se-
vere energy defi cit.

−

−
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Oral nutrition in the ICU

Malnutrition can lead to serious complications in 
the ICU. Less than half of the patients admitted to 
ICU require ventilation and for many their optimal 
route of feeding is oral medical nutrition therapy, 
rather than enteral or parenteral nutrition. Inade-
quate oral intake is a prevalent and oft en diffi  cult 
problem within this population, as increased calo-
rie defi cits are common in the ICU and associated 
with poor outcomes. Consuming less than 75% of 
daily calorie requirements in the hospital setting is 
associated with poor outcomes. Despite evidence-
based guidelines directing the delivery of nutrition 
support in the ICU, there is limited research fo-
cused on oral intake during such hospitalization 
period (12).

CONCLUSION

Critically ill patients are a particularly vulnerable 
group to be malnourished due to severity and com-
plications of illness, the complexity of ICU care, 
the inability to express hunger and eat normally, 
and potentially the physician’s inability to recog-
nize the nutritional risk of patients. Ideally, early 
identifi cation of nutritional status and provision of 
appropriate nutritional support for critically ill pa-
tients may reduce the length of ventilator depend-
ence, ICU or hospital stay, and mortality.
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Malnutricija u jedinici intenzivnog liječenja

SAŽETAK - Učestalost malnutricije u kritično bolesnih pacijenata u jedinicama intenzivnog liječenja kreće 

se oko 40%. Kombinacija stresa i pothranjenosti koja se promatra u JIL-u povezana je s negativnom energet-

skom bilancom, što vodi gubitku nemasne tjelesne mase. Katabolizam nemasne tjelesne mase povezan je s 

pogoršanjem kliničkog ishoda, dužim boravkom u bolnici i višim troškovima liječenja. Još uvijek ne postoji 

konsenzus o optimalnoj metodi za procjenu nutritivnog statusa pacijenata u JIL-u. Pacijentovo tjelesno sta-

nje, nutritivna anamneza i prisutnost akutne bolesti prilikom prijema u JIL čini se da su najbolji pokazatelji 

nutritivnog statusa. Dnevna energetska potrošnja u akutno bolesnih pacijenata kreće se od 20 do 30 kcal·kg-

1·dan-1 I rijetko premašuje 30 – 35 kcal·kg-1·dan-1, čak i u kritično bolesnih pacijenata u metaboličkom stresu. 

Rana procjena nutritivnog statusa i osiguranje prikladne nutritivne potpore za kritično bolesne pacijente 

može skratiti trajanje mehaničke ventilacije, boravak u JIL-u i smrtnost.

Ključne riječi: bolnička malnutricija, JIL, procjena nutritivnog statusa, energetske potrebe
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Refeeding syndrome

Željko Krznarić1,2,3, Ana Kunović3, Ivana Rupčić3, Darija Vranešić Bender3

ABSTRACT - Refeeding syndrome is an uncommon but potentially fatal phenomenon that can occur in 

patients receiving parenteral, enteral, or oral feedings aft er a period of sustained malnutrition or starvation. 

Complications of the refeeding syndrome can include electrolyte abnormalities (hypophosphatemia, hy-

pokalemia, hypomagnesemia), vitamin defi ciency, heart failure, respiratory failure and even death. Symp-

toms of refeeding syndrome are variable, unpredictable and may occur without warning. In this article we 

would like to stress the importance of early identifi cation of patients at risk; providing adequate electrolyte, 

vitamin, and micronutrient supplementation; careful fl uid resuscitation; cautious and gradual energy resto-

ration; and monitoring during refeeding.

Key words: refeeding syndrome, thiamine defi ciency, hypophosphatemia, Wernicke’s encephalopathy

1School of Medicine, University of Zagreb, Zagreb, Croa-
tia
2 Division of Gastroenterology, Department of Medi-
cine, Zagreb University Hospital Center, Zagreb, Croa-
tia
3Center of Clinical Nutrition, Department of Medicine, 
Zagreb University Hospital Center, Zagreb, Croatia

INTRODUCTION

Th e term ‘refeeding syndrome’ was fi rst described 
in Japanese prisoners of war, aft er the World War 
II, by Schnitker and colleagues. Starting to eat aga-
in aft er a period of prolonged starvation seemed to 
precipitate cardiac and neurological abnormalities 
(1). Nowadays, the pathophysiology of the refee-
ding syndrome has been very well established.

Refeeding syndrome is a potentially fatal compli-
cation of the reinitiation of carbohydrate and pro-
tein metabolism in a malnourished person and it 
occurs in approximately 0.8% of hospitalized adults 
(2). Th e syndrome can occur within fi rst 3-4 days 
in malnourished patients undergoing refeeding, 
whether orally, enterally, or parenterally. In additi-
on, it can be observed in those patients who are 
suddenly switched to enteral feeding aft er a long 
period of total parenteral nutrition (3).

Th erefore it is crucial to have a prearranged plan 
for feeding the patient and to monitor the situation 
continuously. Table 1 shows the conditions that re-
present high risk for developing the refeeding syn-
drome. One form of refeeding syndrome common-
ly seen in clinical practice, but oft en overlooked as 
such, is a clinical response to an insulin drip initia-
ted for patients who are admitted with signifi cant 
hyperglycemia or diabetic ketoacidosis (4-6). It is 
important to bear in mind that obese patients are 
not excluded from developing the refeeding syn-
drome (7).
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KEY FEATURES OF THE 
REFEEDING SYNDROME

During periods of starvation, along with other nu-
trients, the total body stores of potassium, magne-
sium, and phosphate are depleted, although serum 
levels are maintained at the expense of the intracel-
lular environment (8). In the absence of carbohy-
drate metabolism, energy is produced from lipoly-
sis, resulting in a decrease in insulin secretion. 
During refeeding, sudden excesses of carbohy-
drates and proteins produce an anabolic environ-
ment, creating intracellular demand for glucose, 
phosphate, and potassium (9). Simultaneous in-
crease in insulin secretion similarly enhances the 
transport of potassium, phosphate, and magnesi-
um into cells. Th e biochemical hallmark of refeed-
ing syndrome is hypophosphatemia.

Hypophosphatemia can lead to cardiac arrhyth-
mias, respiratory failure, rhabdomyolysis, and con-
fusion (10). However, clinicians more oft en fi nd 
hypophosphatemic patients without the classic 
symptoms of the refeeding syndrome (11). Sudden 
introduction of carbohydrates can reduce water 
and sodium excretion, resulting in expansion of 
the extracellular fl uid compartment and fl uid over-
load, pulmonary edema and/or cardiac decompen-
sation (12).

Th e refeeding syndrome is complex and may also 
feature hypokalemia and hypomagnesemia (13). 
Severe hypokalemia can result in paralysis, respira-
tory compromise, rhabdomyolysis, muscle necro-
sis, and changes in myocardial contraction and 
signal conduction. Moderate to severe hypomag-
nesemia can produce electrocardiographic chang-
es, tetany, convulsions, and seizures (9). Although 

all vitamin defi ciencies may occur at variable rates 
with inadequate intake, thiamine is of the highest 
importance in refeeding-related complications. 
Th iamine is an essential coenzyme in carbohydrate 
metabolism. Its defi ciency results in Wernicke’s en-
cephalopathy (ocular abnormalities, ataxia, confu-
sional state, hypothermia, coma) or Korsakoff ’s 
syndrome (retrograde and anterograde amnesia, 
confabulation) (14).

OUR EXPERIENCE

We report a case of an 18-year-old female patient 
who developed Wernicke’s encephalopathy, a se-
vere neurological disorder, as a consequence of 
thiamine defi ciency (15). She was referred to our 
institution because of weight loss of 38 kg in a pe-
riod of 6 months. At admission, she was severely 
malnourished with body mass index of 12.6 kg/m2. 
She was subsequently diagnosed with Crohn’s dis-
ease (CD) extending to the ileum and colon, with 
penetrating behavior of disease. Already at initial 
presentation, a presacral abscess was found and the 
patient was referred to surgery where abscess 
drainage, the right hemicolectomy with ileotrans-
versoanastomosis and a bipolar osteomy on sig-
moid colon were performed.

A year later she presented with three draining ente-
rocutaneous fi stulas on the anterior abdominal 
wall and an abscess in the right iliac fossa. She un-
derwent a second surgery in which resection of 
transverse colon with excision of enterocutanous 
fi stulas was performed. Th ree years aft er the diag-
nosis was made, she again presented in our De-
partment with fever, pain in the left  lower quadrant 
and three draining enterocutanous fi stulas. She 
weighed 34 kg at the time and had a BMI of 13.28 
kg/m2. Diagnostic workup revealed an abscess in 
the left  iliac fossa and she underwent surgery for 
the third time. Th e left  hemicolectomy with termi-
nal ileostomy was performed. In the postoperative 
period in surgical ICU, the patient was given poly-
meric enteral formula 500 mL/day in combination 
with ‘all in one’ total parenteral nutrition formula-
tion in combination with 5% glucose solution. In 
total, the patient received 40 kcal/day and 235 g of 
glucose per day. No multivitamin substitution was 
given. Aft er a period of 14 days, the patient was 
transferred back to the Department of Gastroen-
terology. Th e amount of polymeric enteral formula 
was decreased to 250 ml/day and the amount of ol-
ive oil-based ‘all in one’ TPN solution was adjusted 
so that the patient received 30 kcal/kg/day and 128 
g of glucose per day. Multivitamin substitution was 

Table 1. Conditions representing the high risk for 
refeeding syndrome

Chronic alcoholism

Anorexia nervosa 

Chronic malnutrition

Chemotherapy

IBD

Chronic diuretic therapy 

Hyperglycemia, uncontrolled diabetes mellitus

Fasting for 7-10 days with evidence of stress 
or depletion

Marasmus
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added to the total parenteral nutrition solution. On 
the following day, the patient became confused and 
developed nystagmus, dyplopia, nausea and hypo-
tension. Brain MRI was performed that showed 
symmetrical bilateral hyperintensities in the sub-
thalamus and the fl oors of the third and fourth 
ventricle. Based on the clinical symptoms and typi-
cal MRI fi ndings, thiamine defi ciency was suspect-
ed and immediately empirical therapy was started 
with thiamine 100 mg per day. Within a week, neu-
rological symptoms withdrew completely with res-
toration of cognitive function. Nutrition team de-
veloped personalized nutrition plan adjusted to 
1800 kcal/day and special enteral formula was rec-
ommended as oral nutritional supplement which 
provided additional 500 kcal. Th e patient was ulti-
mately discharged with azathioprine as mainte-
nance treatment for CD. Seven months later, on 
her last visit to the outpatient clinic she weighted 
48 kg and her BMI was 18.75 kg/m2.

Combination of various factors, Crohn’s disease, 
penetrating phenotype, continuous activity of the 
disease, severe malnutrition and high calorie and 
glucose load received in postoperative period, led 
to increased thiamine requirement. Th ose factors 
in combination with absence of multivitamin sup-
plementation led to development of Wernicke’s en-
cephalopathy in our patient.

PREVENTION AND TREATMENT

Th e most important activity that should be per-
formed before starting nutritional support is to 
identify patients who are at high risk for develop-
ing the refeeding syndrome. Recent weight change 
over time, nutrition, alcohol intake, and social and 
psychological problems should all be assessed. 
Plasma electrolytes (especially phosphate, sodium, 
potassium, and magnesium) and glucose should be 
measured at baseline before feeding and any defi -
ciencies corrected during feeding with close moni-
toring (16). Aft er that, the plan for nutritional sup-
port must be as follows: ‘start low and go slow’.

It is recommended to start feeding with 10 kcal/kg/
day, slowly increase intake to meet or exceed full 
needs over four to seven days. It is necessary to 
start multivitamin supplementation, specifi cally 
thiamine, in the dose of 100-500 mg daily (17). 
Circulatory volume should also be restored. Oral, 
enteral, or intravenous supplements of potassium, 
phosphate, calcium, and magnesium should be gi-
ven unless blood levels are high before refeeding 
(16). When hypophosphatemia occurs, it should 

be corrected in addition to other electrolyte abnor-
malities, such as hypokalemia and hypomagnese-
mia. If aft er 24 hours the serum phosphate concen-
tration remains low or falls subsequently, then fur-
ther phosphate should be administered. Serum 
phosphate, magnesium, calcium, potassium, urea, 
and creatinine concentrations should be measured 
before feeding and repeated daily for four days af-
ter feeding has been started (13). Th ere are no strict 
protocols for treating the refeeding syndrome, but 
the following needs to be done: talk to the dietitian 
about the rate of feeding, correct electrolyte defi ci-
encies, and supplement thiamine.

CONCLUSION

Nutrition support plays an important role in the 
management of nutritional defi ciencies in properly 
selected critically ill patients. Overfeeding may re-
sult in the refeeding syndrome, an important but 
commonly underdiagnosed and undertreated con-
dition, characterized by electrolyte abnormalities 
(hypophosphatemia, hypokalemia, and hypomag-
nesemia), vitamin defi ciency, volume overload and 
congestive heart failure. Th e key to better patient 
care in is prevention by increased clinician aware-
ness and involvement of nutrition support team 
early during treatment. Many of the current rec-
ommendations are not based on high quality evi-
dence and this must be highlighted as an area that 
needs future research time dedicated to it.
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Refeeding sindrom

SAŽETAK - Refeeding-sindrom (sindrom ponovno započetog hranjenja) je ne tako čest, ali potencijalno 

smrtonosan sindrom koji se javlja u bolesnika kod kojih se, nakon razdoblja malnutricije ili gladovanja, 

započne s neadekvatnim oralnim, enteralnim ili parenteralnim energetskim unosom. Kod tih se bolesnika 

može javiti poremećaj elektrolita (hipofosfatemija, hipokalijemija i hipomagnezijemija), nedostatak vitami-

na, kongestivno zatajenje srca, respiracijska insufi cijencija, pa čak i smrt. Simptomi su varijabilni, nepredvi-

divi i mogu se javiti naglo. U ovom članku želimo naglasiti važnost ranog prepoznavanja rizičnih bolesnika; 

adekvatne nadoknade elektrolita, vitamina i mikronutrijenata; pažljive nadoknade tekućine; adekvatnog 

energetskog unosa i nadzora tijekom započinjanja ponovnog hranjenja.

Ključne riječi: refeeding-sindrom, nedostatak tiamina, hipofosfatemija, Wernickeova encefalopatija
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Mechanical circulatory support as a 
treatment option for end-stage heart failure 
at the University Hospital Center Zagreb

Mate Petričević, Hrvoje Gašparović, Lucija Svetina, Maja Čikeš1, Sanja Konosić2, 
Visnja Ivančan2, Ivan Burcar, Željko Čolak2, Davor Miličić1, Bojan Biočina

ABSTRACT - In treatment of end-stage heart failure, no mechanical circulatory support (MCS) backup was 

used from 1988 to 2008 either for preoperative stabilization of heart failure patients or as a bridge to trans-

plant and/or a postoperative support in case of postcardiotomy heart failure. Herein, we report our experi-

ence with MCS program as integral part of end-stage heart failure treatment since 2008. From the beginning 

of the MCS program in September 2008 to April 2012, a total number of 61 patients underwent MCS proce-

dures. 56/61 were adult, and 5/61 were pediatric patients. In adult patient group, 56 patients underwent 68 

MCS procedures. Of those, 10 patients underwent multiple procedures. Variety of devices were used for 

short, intermediate and long term support (centrifugal pumps, extracorporeal pneumatic pumps-PVAD, 

implantable axial fl ow pumps, and extracorporeal membrane oxygenation – ECMO) for a spectrum of clini-

cal indications such as deterioration of heart transplant listed patients, acute cardiogenic shock caused either 

by acute myocardial infarction or by acute fulminant myocarditis, acute respiratory failure in previously 

healthy or lung transplant listed patients, chronic congestive heart failure in non-transplantable patients, 

postcardiotomy circulatory failure. MCS was performed in various modes, as a bridge to decision, bridge to 

transplant, bridge to recovery, bridge to bridge, bridge to destination therapy. In pediatric patient group, 3/5 

patients were bridged to recovery. In adult patient group, 89.5% of patients were in INTERMACS 1 (n=39, 

68.4%) or INTERMACS 2 (n=12, 21.1%). Postcardiotomy MCS was used in 21/57 (36.54%) patients. Pri-

University of Zagreb School of Medicine, Department of Cardiac Surgery, Zagreb University Hospital Center, Zagreb, 
Croatia
1University of Zagreb School of Medicine, Department of Cardiovascular Diseases, Zagreb University Hospital Center, 
Zagreb, Croatia
2University of Zagreb School of Medicine, Department of Anesthesiology, Zagreb University Hospital Center, Zagreb, 
Croatia
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mary MCS was used due to the following indications: respiratory failure (n=2), acute exacerbation of chron-

ic heart failure (n=23), and acute cardiogenic shock (n=11). Overall procedural success was achieved in 

30/57 (52.63%) patients. In heart failure patient group, MCS successfully bridged 13 patients. In respiratory 

failure group (n=2), 1 patient was bridged to lung transplant. Patient outcome was assessed as follows: alive 

(n=12, 21.4%), alive on support (n=7, 12.5%), dead (n=37, 66.1%). Integration of the MCS program into 

regular practice, especially into heart transplant program as integral part of heart failure therapy, remains 

one of the most important segments of the modern concept in the treatment of heart failure patients.

Key words: heart failure, mechanical circulatory support, VAD, cardiac surgery

INTRODUCTION

Congestive heart failure (CHF) has become a lead-
ing cause of morbidity and mortality in developed 
countries. Treatment of advanced CHF takes three 
forms: medical therapy, heart transplant therapy 
and cardiac replacement. Medical therapy, includ-
ing inotropes and vasodilators, relieves symptoms 
by reducing cardiac work and increasing myocar-
dial contractility. Th is has helped improve quality 
of life, but mortality has remained unaff ected. Car-
diac transplantation remains the sole long-term 
successful therapy for end-stage heart failure (HF), 
with the median survival reported to be >10 years 
(1,2). Technological improvements expanded the 
role of mechanical circulatory support (MCS) de-
vices for patients with heart failure. When conven-
tional medical or surgical therapies are exhausted, 
cardiac assist or replacement therapy may become 
the only therapeutic options.

Th e application of MCS in animal experiments can 
be traced back to the work of Carrel and Lindberg 
in the 1930s (3). Although the device industry has 
always targeted the development of devices capable 
of long-term circulatory support, patients requir-
ing support for a limited period of time until trans-
plantation provided an opportunity for devices to 
be introduced fi rst as temporary therapy, as a 
‘bridge’ to transplantation. Decades aft er, techno-
logical improvements have lead to development of 
MCS in the form of destination therapy (4). Nowa-
days, approximately 1% of patients undergoing 
cardiac surgery require postoperative extracorpor-
eal membrane oxygenation (ECMO) (5). ECMO is 
the well established short term cardio-respiratory 
support for severe cardiopulmonary failure either 
aft er inability to wean from cardiopulmonary by-
pass aft er cardio surgical procedure, or for tempo-
rary support of respiratory failure patients (5).

In treatment of end-stage heart failure, no MCS 
backup was used from 1988 to 2008 either for pre-

operative stabilization of heart failure patients or as 
a bridge to transplant and/or a postoperative sup-
port in case of postcardiotomy heart failure at Uni-
versity Hospital Center Zagreb. Herein, we report 
our experience with MCS program as integral part 
of end-stage heart failure treatment since 2008.

METHODS

Th is is a retrospective analysis of prospectively col-
lected data. From September 2008 to April 2012, 
61 patients were treated with MCS. 5/61 were pedi-
atric patients, of those 3 were successfully weaned 
from postcardiotomy MCS.

Patients were divided into diff erent clinical status 
profi les, according to Interagency Registry for 
 Mechanically Assisted Circulatory Support Device 
(INTERMACS) (6).

With respect to MCS procedural outcomes, we de-
fi ned two types of outcomes. Procedural success 
was defi ned as ability to wean patients from MCS 
or to upgrade short term MCS to long term MCS. 
In other words, either ‘bridge to recovery’ from any 
type of support or bridge from short-term support 
to long-term support or heart transplant was con-
sidered as procedural success. Procedural failure 
was defi ned as inability to wean patients from MCS 
or inability to bridge a patient to long-term sup-
port or heart transplant.

Considering patient clinical outcomes, we obser-
ved three types of outcomes: alive, alive on support, 
dead.

MCS indications were divided into primary in-
dications [which consisted of respiratory failure, 
acute exacerbation of chronic severe heart failure 
and acute cardiogenic shock (i.e. cardiac arrest 
 requiring cardiopulmonary resuscitation)], and 
postcardio tomy indications, defi ned as inability to 
wean patients off  cardiopulmonary bypass, regard-
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less of cardio surgical type of the procedure per-
formed.

MSC procedures were considered as single proce-
dures if including only one type of device/support 
for MCS. Subsequent upgrade of MCS with device 
substitution, or addition of another device were 
considered as multiple procedures.

Types of devices used:

MCS program included diff erent types of devices 
used.

Heart Mate II:

Heart Mate II (Th oratec, Pleasanton, CA) is a sec-
ond-generation MCS device which is a continu-
ous-fl ow device consisting of an internal axial-fl ow 
blood pump with a percutaneous lead that con-
nects the pump to an external system driver and 
power source. Th e pump contains an internal rotor 
with helical blades that curve around the central 
shaft . When the rotor spins on its axis, kinetic en-
ergy is imparted to the blood which is drawn con-
tinuously from the left  ventricular apex through 
the pump and into ascending aorta. Th e pump has 
an implant volume of 63 mL and generates up to 10 
liters per minute of fl ow at a mean pressure of 100 
mm Hg (7).

PVAD:

Th oratec PVAD (Th oratec, Pleasanton, CA) is a 
pulsatile fl ow, paracorporeal pump that allows the 
option of right, left  or biventricular support. Th e 
pump provides pulsatile fl ow with a 65 mL blood 
chamber and unidirectional fl ow, achieved with 
tilting disc mechanical valves. Th e paracorporeal 
placement of the PVAD allows use in patients with 
BSAs od <1.5 m2.

Extracorporeal life support (ECLS/ECMO):

Th e development of ECLS as a temporary assist de-
vice [also referred to as extracorporeal membrane 
oxygenation (ECMO)] is a direct extension of the 
principles of cardiopulmonary bypass. Th ere are a 
number of key diff erences between cardiopulmo-
nary bypass and ECLS. Th e most obvious diff er-
ence is the duration of required support. Whereas 
cardiopulmonary bypass is typically employed for 
several hours during cardiac surgery, ECLS is de-
signed for longer duration of support. Th e system 

consists of the following:

1.  Hollow-fi ber membrane oxygenator with an inte-
grated heat-exchange system. Th e microporous 
membrane provides the necessary gas-transfer 
capability via the micropores where there is di-

rect blood-gas interface with minimal resistance 

to diff usion.

2.  Centrifugal pump. Th ese pumps are totally non-
occlusive and aft erload-dependent. An increase 

in downstream resistance, such as signifi cant 
hypertension, will decrease forward fl ow to the 
body.

3.  Heat exchanger. Th is allows for control of blood 
temperature as it passes through the extracorpo-
real circuit. Generally, the transfer of energy oc-
curs by circulating nonsterile water in a counter-
current fashion against the circulating blood.

Levitronix Centrimag:

Th e Centrimag device (Levitronix, Waltham, MA, 
USA) is a contemporary adjunct to the available 
spectrum of short-term mechanical assist devices. 
It has been utilized in patients with refractory car-
diogenic shock for either univentricular or biven-
tricular support (8,9). It has also been used for the 
purpose of extracorporeal membrane oxygenation 
(10). Th e Levitronix Centrimag device is a new 
generation pump that off ers hemodynamic sup-
port with reduced blood trauma. It does not con-
tain rotating bearings or seals. It is also devoid of 
fl exing valves or diaphragms. When compared to 
older generation centrifugal pumps, this technical 
design allows for longer circulatory support. Its 
dominant feature is a magnetically levitated rotor, 
which is not in contact with the housing of the de-
vice.

Biomedicus Medtronic 560

Th e BioMedicus (Medtronic Inc) paracorporeal 
centrifugal pump can provide short-term ventricu-
lar or pulmonary support. Th e pump is relatively 
inexpensive compared with other short- and long-
term assist devices. Perfusionists and nursing per-
sonnel are also familiar with its operation.

RESULTS

From September 2008 to April 2012, 61 patients 
were treated with 73 MCS procedures. 5/61 were 
pediatric patients, of those 3 were successfully 
weaned (bridge to recovery) from postcardiotomy 
MCS. From 73 procedures, 35 procedures included 
ECMO/ECLS support.

Single procedures were performed in 47 adults (15 
LVAD’s, 23 ECMO’s, 5 RVAD’s, 4 BIVAD’s). Multi-
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ple procedures were performed in 10 patients with 
various types of the support used.

In adult patient group, 89.5% of patients were in 
INTERMACS 1 (n=39, 68.4%) or INTERMACS 2 
(n=12, 21.1%). Th e patient distribution according 
to INTERMACS profi les is shown in Table 1.

CONCLUSION

Advancements in MCS have been remarkable over 
the last fi ft y years. Th e quality and quantity of life 
for heart failure patients worldwide are now im-
proved by the use of cardiac assist devices as a 
bridge to heart transplant or myocardial recovery 
and, more recently, as a destination therapy.

At our center, MCS and heart transplant program 
are integrated in treatment of heart failure patients. 
Integration of MCS and heart transplant programs 
increases the availability of heart transplant proce-
dures; however, it also increases complexity and 
cost.

Proper interdisciplinary patient management is 
crucial to improve outcome which is time/team 
dependent. In order to improve patient outcomes, 
strong adherence to MCS team provided algo-
rithms are needed. Our MCS management algo-
rithm is shown in Figure 1.

Table 1. INTERMACS profi le distribution of patients 
who required mechanical circulatory support.

INTERMACS PROFILE n (%)

PROFILE 1 39 (68.4)

PROFILE 2 12 (21.1)

PROFILE 3 2 (3.5)

PROFILE 4 4 (7.0)

Table 2. Procedural outcome (overall and within 
profi le groups)

Procedural 
success

Procedural 
failure

INTERMACS 
PROFILE

n (%) n/group (%) n/group (%)

PROFILE 1
39 

(68.4%)
15/39 

(38.46%)
24/39 

(61.54%)

PROFILE 2
12 

(21.0%)
10/12 

(83.3%)
2/12 

(16.67%)

PROFILE 3 2 (3.5%) 1/2 (50%) 1/2 (50%)

PROFILE 4 4 (7.1%) 4/4 (100%)

OVERALL
57 

(100%)
30/57 

(52.63%)
27/57 

(47.36%)

Overall procedural success was achieved in 30/57 
(52.63%) patients. More favorable results were ob-
served within ‘better’ INTERMACS profi les. Th e 
matching of procedural outcomes and diff erent 
INTERMACS profi les is shown in Table 2.

Postcardiotomy MCS was used in 21/57 (36.54%) 
patients. Primary MCS was used due to the follow-
ing indications: respiratory failure (n=2), acute ex-
acerbation of chronic heart failure (n=23), and 
acute cardiogenic shock (n=11). In heart failure 
patient group, MCS successfully bridged 13 pa-
tients to heart transplant (21% from overall heart 
transplant program). In respiratory failure group 
(n=2), 1 patient was bridged to lung transplant. Pa-
tient outcome was assessed as follows: alive (n=12, 
21.4%), alive on support (n=7, 12.5%), dead (n=37, 
66.1%).

Every single part of MSC management algorithm 
remains of great importance, and all of parts should 
be considered inextricably. Th e predominance of 
high INTERMACS profi les represents the initial 
stage in the development of the program, with 
more patients at the very advanced stage of circula-
tory and respiratory deterioration. However, aft er 
acceptance of the program as a viable tool in the 
treatment of terminal heart failure patients, more 
patients with lower INTERMACS profi le have been 
referred, with subsequent better outcome (Table 
2). On the other hand, high share of post-cardioto-
my patients represents the practical application of 
the concept of prolonged cardiopulmonary bypass 
as a worldwide accepted concept in the treatment 
of high risk patients in cardiac surgery.

Patient selection, pre-operative preparation and 
timing of support might lead to better patient IN-
TERMACS profi le within MSC patients group and 
probably better patient and procedural outcomes.

Fig. 1. MCS management algorithm.

timingPre-operative
preparation

Patient
selection

Heart failure
team

Successful 
circulatory 

support
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As ventricular assist device (VAD) technology 
progresses, collaboration of multidisciplinary teams 
composed of engineers, scientists, physicians, and 
nurses will continue to refi ne the technology and 
improve patient care and outcomes. In light of the 
growing population of patients with advanced 
heart disease, the shortage of suitable donors, and 
evolving technology, mechanical circulatory sup-
port devices will play an ever-increasing role in the 
care of patients with end-stage heart failure.
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Mehanička cirkulacijska potpora kao mogućnost 
liječenja u krajnjem stadiju zatajenja srca 
u Kliničkom bolničkom centru Zagreb

SAŽETAK - U liječenju terminalne faze zatajenja srca mehanička cirkulacijska potpora (MCP) nije korištena 

od 1988. do 2008. godine ni u obliku prijeoperacijske stabilizacije bolesnika sa zatajenjem srca, ni u obliku 

premoštenja do transplantacije srca, kao niti u slučajevima poslijekardiotomijskog zatajenja srca. U ovom 

članku prikazujemo naša iskustva s MCP programom kao integralnim dijelom liječenja zatajenja srca od 

2008. godine. Od početka programa MCP u rujnu 2008. do travnja 2012. godine ukupan broj od 61 bolesnika 

podvrgnut je 73-ma MCP-postupcima. 56/61 bolesnika bili su odrasli, dok je 5/61 bolesnika iz pedijatrijske 

populacije. U skupini odraslih bolesnika, 56 bolesnika podvrgnuto je ukupnom broju od 68 MCP-postupaka. 

Od toga su 10 postupaka bili višestruki postupci. Korišteni su različiti uređaji za kratkotrajnu, srednjeročnu 

te dugoročnu potporu (centrifugalne crpke, izvantjelesne pneumatske crpke-PVAD, implantabilne aksijalne 

crpke, te izvantjelesna membranska oksigenacija – ECMO) za spektar kliničkih indikacija kao što su 

pogoršanje kod bolesnika na listi za transplantaciju srca, akutni kardiogeni šok uzrokovan akutnim infark-

tom miokarda ili akutnim fulminantnim miokarditisom, akutno respiracijsko zatajenje kod prethodno zdra-

vih ili kandidata za transplantaciju pluća, kronično kongestivno zatajenje srca kod netransplantabilnih bole-

snika, te poslijekardiotomijsko zatajenje srca. MCP je izvođena u različitim oblicima: kao premoštenje do 

odluke, premoštenje do transplantacije, premoštenje do oporavka, premoštenje do premoštenja, premoštenje 

do destinacijske (kronične) terapije.U pedijatrijskoj su populaciji 3/5 bolesnika premošteni do oporavka. U 

odrasloj populaciji 89,5% bolesnika pripadalo je klasifi kacijskoj skupini INTERMACS 1 (n=39, 68,4%) ili 

INTERMACS 2 (n=12, 21,1%). Poslijekardiotomijski MCP korišten je u 21/57 (36,54%) bolesnika. Primarni 

MCP korišten je za sljedeće indikacije: respiracijsko zatajenje (n=2), akutno pogoršanje kroničnog zatajenja 

srca (n=23), te akutni kardiogeni šok (n=11). Sveukupni uspjeh ostvaren je u 30/57 (52,63%) postupaka na 

odrasloj populaciji. U skupini bolesnika s terminalnim zatajenjem srca, MCP je bio uspješan kao oblik tera-

pije premoštenja do transplantacije srca u 13 bolesnika. U skupini bolesnika s terminalnim respiracijskim 

zatajenjem (n=2), 1 bolesnik je premošten do transplantacije pluća. Ostvareni su sljedeći ishodi liječenja 

bolesnika: živi (n=12, 21,4%), živi uz potporu (n=7, 12,5%), smrtni ishod (n=37, 66,1%). Integracija progra-

ma MCP u svakodnevnu praksu, osobito u program transplantacije srca kao oblik liječenja terminalnoga 

srčanog zatajenja, predstavlja jedan od najvažnijih koncepata u liječenju terminalnog zatajenja srca.

Ključne riječi: zatajenje srca, mehanička cirkulacijska potpora, VAD, kardiokirurgija
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Th rombotic thrombocytopenic purpura 
in the medical intensive care unit 
– case series and review of literature

Marijana Grgić Medić, Ana Tečić1, Radovan Radonić, Vladimir Gašparović

ABSTRACT - Th rombotic thrombocytopenic purpura (TTP) is a rare disorder characterized by thrombocy-

topenia, microangiopathic hemolytic anemia, renal dysfunction, neurologic defi cit and fever. Th e key etio-

logical role is attributed to the defi cit of ADAMTS 13 protease activity, which allows the network of von 

Willebrandt factor polymers to accumulate, and platelets to adhere, causing damage to erythrocytes. Th e 

most frequent laboratory fi ndings are thrombocytopenia and hemolytic anemia, and diagnosis is confi rmed 

by measurement of ADAMTS 13 activity. Th e ADAMTS 13 defi ciency is supplemmented by plasma infu-

sions, and inhibiting antibodies are removed by plasma exchange and immunosuppressive drugs. Th e dis-

ease is curable if treated early. During 12 years, 17 patients with TTP were treated at the Department of In-

tensive Medicine, University Hospital Center Zagreb. All patients had thrombocytopenia and 16 patients 

had hemolytic anaemia, 11 patients had neurological defi cit and 5 had fever unrelated to infection. Severe 

defi ciency of ADAMTS13 activity was found in 9 patients out of 12 patients tested. Th e patients were treated 

with plasma infusions, plasma exchange glucocorticoids and vincristin. Five patients died. Two patients had 

congenital TTP and were admitted to other medical institutions, without medical records. Th e symptoms 

were misinterpreted, and they did not receive the specifi c treatment in time. One patient recovered from 

TTP but died later from GVHD. In two cases, clinical presentation was atypical and masked by concurrent 

severe diseases, and plasma exchange was not performed. Th rombocytopenia and hemolytic anaemia were 

the most frequent laboratory fi ndings in our patients, which is in accordance with the results from the litera-

ture. Th e lethal outcome resulted due to the failure to recognize the clinical symptoms of TTP, which delayed 

the initation of treatment. TTP is a rare disease with unspecifi c and diverse symptoms which complicate the 

diagnostic procedure and decisions on treatment initiation. Th e existance of eff ective and life saving treat-

Division of Intensive Care, Department of Internal Medicine, Zagreb University Hospital Center, Zagreb, Croatia
1Zagreb University Hospital Center, Zagreb, Croatia
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ment implicates that the treatment should be intitated prior to the appearance of all diagnostic features in 

order to prevent unfavorable outcome.

Key words:  Th rombotic thrombocitopenic purpura, ADAMTS 13, thrombocytopenia, microangiopathic 
hemolytic anemia, plasma exchange

INTRODUCTION

Th rombotic thrombocytopenic purpura is a rare 
disorder (5-10 cases per million persons per year) 
characterized by formation of occlusive thrombi in 
the microcirculation (1). It has been described by 
Moshkovitz et al. (2) as a combination of symp-
toms that include thrombocytopenia, microangio-
pathic hemolytic anemia, renal dysfunction, neu-
rological symptoms and fever. Th is classic pentade 
of symptoms is relatively rare, perhaps due to the 
early initiation of treatment. According to litera-
ture, the most common early symptoms are nau-
sea, abdominal pain and weakness, and their diver-
sity refl ects the presence of microvascular thrombi 
in many organs. Renal dysfunction and neurologi-
cal defi cit are late symptoms and their appearance 
should be avoided by early treatment (3). Th e only 
consistent abnormalities are hemolytic anemia and 
thrombocytopenia without apparent cause, such as 
autoimmune hemolysis, disseminated intravascu-
lar coagulation, cancer, eclampsia, drug toxicity 
(e.g., treatment with calcineurin inhibitors), hema-
topoietic stem cell transplantation, or malignant 
hypertension. Patients with some of these conditi-
ons, particularly treatment with calcineurin inhi-
bitors or stem cell transplants, are considered to 
have ‘secondary’ TTP (3). Sometimes, initial clini-
cal presentation of hemorrhagic fever with renal 
complication can resemble that of TTP in such a 
degree that the conditions are only distinguishable 
by serology, which is important to bear in mind 
since the therapy of these two conditions diff ers 
(4). Th e etiology of TTP has not been completely 
elucidated, but the key role has been attributed to 
the defi cit of ADAMTS13 metaloproteinase en-
zyme which allows von Willebrandt factor (vWF) 
polymers and platelets to accumulate in microcir-
culation, leading to platelet consumption, hemoly-
sis, and microvascular occlusion (5). Th e defi cit of 
the enzyme activity can be constitutional, due to 
the genetic mutation, or acquired, in the presence 
of inhibiting antibodies to the ADAMTS 13 pro-
tease (6-8). Without treatment, the mortality rate 
in acquired TTP is as high as 90%, but this has 
changed dramatically with the initiation of plasma 
exchange treatment in the early course of the dis-

ease which decreased the mortality to 10-20% (3). 
In acquired form of disease, the inhibiting antibod-
ies are removed by plasma exchange and immuno-
suppressive treatment, while the enzyme is replaced 
by donor’s plasma. In congenital TTP, ADAMTS 
13 supplementation by plasma insfusions is a suf-
fi cient treatment, and immunosuppressive therapy, 
including plasma exchanges, is unnecessary (6-8). 
Th e purpose of this paper is to present a case series 
of patients treated for suspected TTP and to iden-
tify the possible causes of unfavorable outcome.

CASE PRESENTATION

In a period of twelve years, seventeen patients (10 
female and 7 male), median age 48 years (range 20 
to 70 years) were treated at the Division of Inten-
sive Medicine, Department of Internal Medicine, 
Zagreb University Hospital Center, for clinically 
diagnosed TTP. Seven patients were healthy prior 
to the admission to the medical intensive care unit 
(ICU). One patient had GVHD following the he-
matopoetic stem cell transplantation for acute my-
eloid leukemia, and was treated with cyclosporine, 
3/17 patients had signs of sepsis prior to the onset 
of TTP symptoms, chronic alcohol abuse was not-
ed in 2/17 patients, peptic ulcer in 2/17 patients, 
and chronic renal failure in 3/17 patients. Th e clas-
sical pentade of symptoms (1) was registered in 2 
patients (2/17) at admission. Relevant clinical and 
laboratory fi ndings at admission are presented in 
Table 1. Th rombocytopenia was detected in all 17 
patients (min 2x109/L- max 64x109/L, median 
23x109/L), microangiopathic hemolytic anemia, 
defi ned as low hemoglobin, shizocytes in periph-
eral blood smear, elevated serum LDH and bi-
lirubin, was present in 16/17 patients. We analyzed 
the ADAMTS 13 activity in 12/17 patients. Th e 
analysis was performed at Central Hematology La-
boratory, Inselspital, University Hospital, Bern, 
Switzerland and the method has been described 
elsewhere (8). Th e results are shown in Table 2. 
Fourteen patients (14/17) were treated with pred-
nisolone (1 mg/kg parenterally), plasma exchange 
was performed in 13/17 patients, plasma infusion 
in 3/17 patients, vincristin was administered in 



89

Su
p

p
l. 2

, 2
0

1
2

Neurol Croat Vol. 61, Suppl. 2, 2012 M. Grgić Medić et al. Th rombotic thrombocytopenic purpura

4/17 patients (Table 2). Th e number of plasma ex-
change procedures ranged from 1 to 52 (median 12 
PE). During the treatment, four patients (4/17) re-
quired mechanical ventilation for severe respirato-
ry insuffi  ciency and 4 patients required hemodial-
ysis. Nine patients (9/17) recovered and remained 
stable without subsequent relapses. Th ree patients 
with acquired TTP had a single or multiple relapses 
(min 1, max 5 episodes) in a period of 1 month to 
5 years following the discharge from hospital. Th ree 
patients (3/17) had a congenital form of TTP. Five 
(5/17) patients died. Two patients died during the 
acute TTP episode in our ICU. In both patients, 
plasma exchange was not initiated. One patient, 
who presented with cutaneous hematoma and 
thrombocytopenia without anemia, renal dysfun-
ction or neurological symptoms, was initially mis-
diagnosed for immune thrombocytopenia and tre-

ated only with glucocorticoids. She developed a 
large intracranial hematoma which was the cause 
of death. Another patient had severe sepsis and 
multiorgan failure. Later in the clinical course, she 
developed progressive thrombocytopenia and he-
molytic anemia, and TTP was suspected, but pla-
smapheresis could not be performed due to profo-
und hypotension unresponsive to fl uid administra-
tion and vasopressor therapy. In both patients 
ADAMTS13 activity <5% with inhibiting antibo-
dies was documented subsequently. Th ree patients 
responded to our treatment, but died later. One pa-
tient, who developed TTP during cyclosporine 
treatment for GVHD following the stem cell al-
lotransplantation, died from GVHD. He had 100% 
ADAMTS13 activity. Another patient with docu-
mented congenital TTP, who was treated on sev-
eral occasions at our unit for TTP relapses, regu-
larly received plasma infusions in an outpatient 
clinic.

During one relapse he was admitted to a regional 
hospital unconscious, without any medical record. 
Th e medical stuff  was unaware of his diagnosis, so 
he did not receive appropriate treatment in due 
time and died. Th e third patient had a fi rst TTP 
episode at the age of 29 years and responded well to 
plasma exchange treatments. Later, congenital de-
fi ciency of ADAMTS 13 enzyme was diagnosed 
and the patient was treated with plasma infusions. 

Table 2. Th e results of ADAMTS 13 testing, treatment and outcome for twelve tested patients.

Patient Age Sex
ADAMTS 13
activity

Inhibiting
antibody

Plasma
exchange or 
infusions

Gluco-
corticoids

Vincristin Outcome

 1 25 f <5% no yes no no Alive

 2 35 m <5% no yes yes no Dead/ TTP relapse

 3 19 m 100% yes yes yes no Dead/ GVHD

 4 34 f <5% yes yes yes no Alive

 5 70 f <5% yes no yes no Dead /TTP fi rst episode

 6 45 f *54%, 56% yes yes yes no Alive

 7 23 f <5% yes yes yes no Alive

 8 23 f <5% yes yes yes yes Alive

 9 39 m <5% no yes yes no Alive

10 50 f 100% no yes yes yes Dead/ unrelated cause

11 48 f <5% yes no yes no Dead/ TTP fi rst episode

12 40 m <5% no yes no no Dead/ TTP relapse

* Results prior to plasma exchange (fi rst result) and aft er plasma exchange.
TTP - thrombotic thrombocytopenic purpura, GVHD - graft  versus host disease

Table 1. Clinical signs and symptoms at admission.

Clinical fi ndings at admission
Number of 

patients 

Microangiopathic hemolytic anaemia
Th rombocytopenia
Acute renal dysfunction / deterioration
Neurological defi cit
Hematoma, petechiae
Fever unrelated to infection

16
17
8

11
12
15
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He developed end stage renal disease requiring the 
intermittent hemodialysis, and underwent biologi-
cal myocardial valve replacement for severe mitral 
insuffi  ciency (grade IV) with dilatative left -side 
cardiomyopathy. Th e early postoperative period 
was complicated by TTP relapse, and the patient 
died (9).

DISCUSSION

Th rombotic thrombocytopenic purpura requires 
rapid diagnosis and management in emergency, 
which allows current remission rates of 80 to 90% 
(1). Th e most common symptoms in our patients 
were bleeding, neurological defi cit, renal dysfuncti-
on and gastrointestinal symptoms. Th e key diagno-
stic fi nding leading to clinical suspicion of TTP was 
thrombocytopenia without other detectable cause. 
Th e patients without thromocytopenia were not 
suspected of having TTP. Almost all patients also 
had microangiopathic hemolytic anemia (16/17), 
and the combination of symptoms was a guidance 
for the initiation of specifi c treatment. All patients 
had a fair response to plasma exchange and immu-
nosuppressants or plasma infusion treatment.

Our results underline the importance of early reco-
gnition of TTP and early initiation of treatment. 
Th e fi nding of thrombocytopenia and hemolytic 
anemia, without an apparent cause, should raise the 
suspicion of TTP and the initiation of plasma exc-
hange treatment should be considered (7,8). Howe-
ver, this may also result in an increased number of 
unnecessary plasmaphereses, in conditions where 
they are not indicated, but TTP is considered as di-
ff erential diagnosis. Most of the patients (9/12) te-
sted for ADAMTS 13 activity had a severe 
ADAMTS13 deffi  ciency (<5%). Th e ADAMTS13 
activity was 100% in the patient who developed 
TTP following cyclosporine treatment for GVHD, 
which is in accordance with the reports from litera-
ture. In this patient, the appearance of TTP could 
be explained by a direct, dose dependent endotheli-
al toxicity of cyclosporine (10). Th e value of measu-
rements of ADAMTS 13 activity and inhibitors re-
mains uncertain (11, 12). According to literature, in 
patients with idiopathic TTP, the fraction of pati-
ents with severe ADAMTS13 defi ciency (ADAM-
TS13 activity < 5%) has varied from 33% to 100% 
across several studies, with 75% as a rough average 
(Cf ref. 3). Th ese variations could refl ect diff erences 
in ADAMTS13 assay methods and diff erences in 
patient selection criteria with variable attention to 
secondary causes of thrombotic microangiopathy. 
For example, exclusion of subjects with serum crea-

tinine level higher than 310 micromol/L (3.5 mg/
dL) reportedly increases the frequency of ADAM-
TS13 defi ciency in patients with idiopathic throm-
botic microangiopathy to at least 90% (13,14). Con-
versely, patients with ‘secondary’ TTP resulting 
from calcineurin inhibitors or solid organ or bone 
marrow transplantation, typically have normal 
ADAMTS 13 activity, as seen in one of our patients 
(Cf ref. 15 ). In practice, very few laboratories can 
perform ADAMTS13 assays rapidly enough, and 
the clinicians should never wait for this informati-
on in order to make a diagnosis and initiate trea-
tment. Nevertheless, it seems that ADAMTS13 as-
says provide useful prognostic  information for pati-
ents with idiopathic TTP, as it has been shown that 
patients with severe ADAMTS13 defi ciency have a 
signifi cantly increased risk of relapsing TTP where-
as patients without severe ADAMTS13 defi ciency 
rarely relapse (Cf ref. 3, 15). It is of particular im-
portance in identifi ing patients with congenital 
TTP since the treatment modality diff ers and pla-
sma exchange can be replaced by simple plasma in-
fusions in these patients. In patients with congenital 
TTP, the basic information regarding their diagno-
sis and medical recommendations in case of emer-
gency should always be available to referring physi-
cians, in order to avoid the misinterpretation of 
symptoms and delay of treatment in case of relapse. 
In our patients, the clinical presentation was oligo-
symptomatic and atypical, and rapid clinical deteri-
oration and lethal outcome resulted primarily from 
the delay of treatment by physicians unaware of 
their diagnosis. Th e ADAMTS 13 testing could also 
aid in confi rming the diagnosis in atypical cases, 
where TTP does not seem to be the most likely dia-
gnosis.

CONCLUSION

Our results confi rm the observations from other 
studies that TTP is a curable disease and that 
prompt diagnosis and treatment are associated 
with generally favorable outcome. Unfavorable 
outcome is related to the failure to recognize a cli-
nical pattern of the disease and a delay in initation 
of treatment. Th e ADAMTS13 testing can provide 
useful information for the clinical management 
and follow-up of patients and should be performed 
whenever available.
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Trombotička trombocitopenična purpura 
u jedinici intenzivne skrbi – prikaz bolesnika 
i pregled literature

SAŽETAK - Trombotička trombocitopenična purpura (TTP) je poremećaj karakteriziran trombocitope-

nijom, mikroangiopatskom hemolitičkom anemijom, lezijom bubrega, fokalnim neurološkim defi citima i 

vrućicom. Ključnu etiološku ulogu ima pomanjkanje enzima proteaze ADAMTS13, zbog čega u mikrocirku-

laciji nastaje mreža polimera von Willebrandovog faktora na koju adheriraju trombociti i oštećuju se eritro-

citi. Najčešći klinički znakovi su trombocitopenija i hemoliza, a dijagnoza se potvrđuje laboratorijskim mje-

renjem aktivnosti proteaze ADAMTS13. Nedostatak enzima nadomješta se infuzijama svježe smrznute plaz-

me (SSP). Protutijela na proteazu uklanjaju se plazmaferezama (PF), uz nadomjestak enzima plazmom 

davatelja, a koriste se i imunosupresivi. Prognoza je povoljna ukoliko se bolest na vrijeme prepozna i liječi. U 

razdoblju od 12 godina u Zavodu za intenzivnu medicinu liječeno je 17 bolesnika s kliničkom sumnjom na 

TTP. Svi su primljeni s trombocitopenijom, njih 16 hemolitičkom anemijom, 11 bolesnika imalo je neurološki 

defi cit i leziju bubrega, a njih 5 febrilitet. U 9 bolesnika klinička dijagnoza TTP potvrđena je nalazom snižene 

aktivnosti ADAMTS13, u 2 bolesnika aktivnost je bila normalna, u jednog inkonkluzivna. Bolesnici su 

liječeni PF, SSP, kortikosteroidima, vinkristinom, te nadoknadom eritrocita. Dvanaest je bolesnika preživjelo. 

U dvojice preminulih bolesnika radilo se o prirođenoj TTP. Bolesnici su bez svijesti primljeni u druge usta-

nove, bez podataka da se radi o prirođenoj TTP, zbog čega nisu na vrijeme dobili odgovarajuću terapiju. U 

jednog bolesnika TTP se razvila kao komorbiditet u razdoblju intenzivnog liječenja onkološke bolesti od 

koje je bolesnik preminuo. U dva slučaja klinička slika TTP bila je prikrivena simptomima drugih prisutnih 

bolesti pa je izostala pravovremena primjena adekvatnog liječenja koje, kad je kasnije primijenjeno, nije dalo 

odgovarajućeg rezultata. U kliničkoj slici prikazane serije bolesnika prevladavaju trombocitopenija i 

hemolitička anemija koje su i prema literaturi najčešći elementi TTP koji se nađu u oboljelih i čine osnovu 

kliničke sumnje na bolest. Smrtni ishod nastupio je zbog neprepoznavanja ili zakašnjelog prepoznavanja 

bolesti, što je odgodilo primjenu terapije. TTP je rijetka bolest koja se često prezentira nepotpunom kliničkom 

slikom, što otežava dijagnostički postupak i uvjetuje teškoće u odlukama o liječenju. Postojanje učinkovite 

terapije koja spašava život uz prihvatljiv rizik nalaže da se i kod manjeg broja prisutnih elemenata za dija-

gnozu TTP započne liječenje kako bi se spriječio nepovoljan ishod.

Ključne riječi:  trombotička trombocitopenička purpura, trombocitopenija, mikroangiopatska hemolitička 
anemija, ADAMTS 13, plazmafereza
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Effi  ciency of diagnostic procedures 
in hospital medical emergency service 
with emphasis on ultrasound

Ivan Tomić, Ana Vujaklija Brajković, Vladimir Gašparović, Radovan Radonić

ABSTRACT - During the year 2011, 589 patients were hospitalized in Division of Intensive Care Medicine, 

Department of Medicine, University Hospital Center Zagreb. 194 patients (33%) were admitted from emer-

gency department. Of them, 104 (53.6%) were men and 90 (46.4%) women. Th ey were 68.5 (51.3-79) age old. 

Th e leading symptoms or syndromes at admission were: dyspnea (25.8%), chest pain (16.5%), lack of con-

sciousness (14.5%), abdominal pain (10.8%), cardiorespiratory arrest (4.6%), fever (4.6%) and other (10.8%). 

Th e triage nurse classifi ed patients into four grades of urgency: 18 (9.3%) were assigned grade one, 70 (36.1%) 

grade two, 85 (43.8%) grade three, and 21 (10.8%) grade four of urgency.

Laboratory fi ndings were key fi ndings in 23.2% patients, chest and abdominal x-rays were the most impor-

tant diagnostic tools in 13.4% patients, computed tomography in 12.4%, electrocardiogram in 10.3%, and 

ultrasound (chest, lung, heart, abdomen, vessels) in 9.8% patients.

Ultrasound was performed in 78 (40.2%) patients. Th e fi ndings were constructive and useful in 73.1% of 

performed examinations. In 50% of performed examinations, ultrasound made signifi cant contribution in 

diagnostic appraisal, and in 23.1% it was a defi nitive diagnostic tool. Ultrasound fi ndings were almost equal-

ly benefi cial in the three most frequent diagnostic groups: dyspnea (82%), chest pain (77.8%), and abdominal 

pain (84.6%).

Key words: emergency department, intensive care unit, ultrasound

INTRODUCTION

Emergency medicine requires fast diagnostic me-

thods which can provide accurate diagnoses so that 

appropriate treatment can be started on time. A va-

Division of Intensive Care Medicine, Department of 
Medicine, Zagreb University Hospital Center, Zagreb, 
Croatia
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riety of diff erent diagnostic tools can be used in 
evaluation of a critically ill patient today. History, 
physical examination and physicians’ skills and ex-
perience are crucial for optimal recognition and 
treatment of emergency patients. Laboratory tests 
and imaging procedures are optimally used to con-
fi rm or exclude important pathology presumed by 
the attending physician in an emergency patient.

An interesting question is that of the contribution 
of diff erent diagnostic tools in emergency medical 
services.

Th e aim of the study was to obtain information on 
the usefulness of diff erent diagnostic procedures at 
admission of a critically ill patient.

SUBJECTS AND METHODS

Th is retrospective study was performed at the Di-
vision of Intensive Care Medicine, Department of 
Medicine, University Hospital Center Zagreb. Th e 
characteristics of local emergency medical service 
organization signifi cantly infl uenced the structure 
of analyzed patient population.

Our hospital emergency department is organized 
in the manner that all types of emergency patients 
can be managed there. Rapid laboratory tests, 
MSCT diagnostics, X ray and ultrasound are avail-
able on site. Although all facilities are in the same 
place, vertical division on medical, surgical, pedi-
atric, neurologic, urologic, etc. segments still exists 
with diff erent physicians working in each of them. 
Attending physicians are usually residents special-
izing in a particular branch of medicine and are 
supervised by a specialist in the particular fi eld. By 
introducing a new specialization in emergency 
medicine, this situation is going to be changed in 
the near future.

Patient can be admitted to the ward or in one of 
several specialized intensive care units. Th e studied 
population were patients admitted mainly from 
the medical segment of emergency department to 
our general medical 12 beds at the intensive care 
unit (ICU) during 2011.

Studied patients were divided into 8 categories ac-
cording to the leading symptom or syndrome 
which were as follows: chest pain, abdominal pain, 
dyspnea, intoxication (drugs, alcohol, opioids), 
cardiorespiratory arrest, lack of consciousness, fe-
ver, and other.

A patient can arrive into the emergency depart-
ment alone or by using outpatient emergency med-

ical service. An outpatient emergency medical 
team in the ambulance car consists of a physician, 
a medical technician and a driver. Aft er emergency 
call, a patient is typically seen by a physician who 
arrives on the site by ambulance car and who de-
cides about immediate treatment and need for 
transport to the hospital emergency department. 
Some patients can be transported to hospital facili-
ties by an ambulance car without an accompanying 
physician.

Th e fi rst person who sees a patient at the emergen-
cy department is a triage nurse. Based on patient’s 
major complaint and distress, triage nurse decides 
which doctor is going to see the patient fi rst, and 
classifi es patient into one of the fi ve grades of ur-
gency. Grades of urgency signify maximal waiting 
time to be examined by an attending physician in 
the hospital emergency department. Patients clas-
sifi ed as grade one should be seen by an attending 
physician immediately, those classifi ed as grade 
two should be seen by a physician in 10 minutes, 
those classifi ed as grade 3 are seen in 30 minutes, 
those who are grade four can wait for the physician 
not more that 60 minutes, and those classifi ed as 
grade fi ve can wait for 120 minutes to be seen by 
the attending physician (1).

Th e physician in an emergency department, who 
have seen a patient, makes plans for diagnostic 
procedures. Not rarely, the diagnostic process is 
not completed in the emergency department but is 
continued aft er patient’s admission to the ward or 
intensive care.

Th e key diagnostic tool is the one that is performed 
within 24 hours aft er arrival to hospital and whose 
results indicate defi nitive diagnosis. Key diagnostic 
fi ndings could be: electrocardiogram, laboratory 
results, ultrasound (chest, heart, abdomen, ves-
sels), chest and abdominal x-ray, computed tomo-
graphy (head, body, with/without contrast dye), 
coronary angiography, pulmonary scintigraphy, 
other tests (electroencephalogram, gastroscopy, 
etc.) and additional category may be stated when 
one ‘key’ diagnostic tool cannot be recognized.

Th e role of ultrasound in diagnostic algorithm was 
classifi ed into 4 categories: 0 – ultrasound was not 
performed, 1 – ultrasound was done but results 
were irrelevant in diagnostic algorithm, 2 – ultra-
sound signifi cantly contributed to diagnostic ap-
praisal, 3 – ultrasound was the defi nitive diagnostic 
tool. Ultrasound fi ndings were considered relevant 
in categories 3 and 4.

Possible patient outcomes aft er treatment at our 
ICU could be: discharged home, transferred to a 
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medical ward, transferred to surgery, transferred to 
psychiatry ward, and there were patients who 
died.

Statistics

Statistical program MedCalcTM v. 9.2.0.1 (MedCalc 
Soft ware, Mariakerke, Belgium) was used. Descrip-
tive statistic methods were used. Frequencies of 
nominal variables are shown as absolute numbers 
and percentages. Analysis of distribution of con-
tinuous variables did not show normal distribution 
(Shapiro Wilk test, P< 0.01). Th erefore, continuous 
variables are shown as median and interquartile 
range.

RESULTS

During the year 2011, 589 patients were hospital-
ized in Division of Intensive Care Medicine, De-
partment of Medicine, Zagreb University Hospital 
Center. 194 of them (33%) were admitted from 
emergency department. Of them, 104 (53.6%) were 
men, and 90 (46.4%) women. Th ey were, on aver-
age, 68.5 (51.3-79) years old. Mean age of women 
was higher: 73.5 (53.7-81.8) years, than of men: 64 
(49.8-72.3) years. Th e youngest were men admitted 

due to intoxication (38.5 years (28.3-46.5)), and 
the oldest were women admitted due to chest pain 
(79.5 years (74.8-81)).

Reasons for admission in the medical intensive 
care unit were: dyspnea (25.8%), chest pain (16.5%), 
lack of consciousness (14.5%), intoxication by 
drugs and alcohol (12.4%), abdominal pain (10.8%), 
cardiorespiratory arrest (4.6%), fever (4.6%) and 
other (10.8%). Majority of patients, 149 (76.8%) 
came to hospital emergency department by ambu-
lance accompanied by medical doctor 134 (69.1%). 
15 (7.7%) patients arrived by ambulance car not 
accompanied by medical doctor. 36 (18.6%) pa-
tients came by other than emergency medical 
transportation, i.e. by car accompanied by friends, 
a family member, etc. Some used cabs. 9 (4.6%) pa-
tients came alone to the emergency department.

On arrival to the emergency department, 18 (9.3%) 
patients were assigned grade one urgency, 70 
(36.1%) grade two, 85 (43.8%) grade three, and 21 
(10.8%) grade four urgency. None of the patients 
included in the survey was considered as grade fi ve 
urgency.

Laboratory fi ndings were the most important diag-
nostic tool in 23.2% patients, chest and abdominal 
x-ray in 13.4%, computed tomography in 12.4%, 

Fig. 1. Th e key diagnostic tool according to major healthcare problem (without the groups with arrest and fever 
because of the small number of patients in these groups)
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electrocardiogram in 10.3%, ultrasound (chest, 
lung, heart, abdomen, vessels) in 9.8% patients, an-
giography of coronary arteries in 4.6%, pulmonary 
scintigraphy in 2.1%, and other tests (electroen-
cephalogram, gastroscopy, etc.) in 6.7% patients. 
Strategy of only one ‘key’ diagnostic tool did not 
apply in 17.5% of patients (Fig.. 1).

Th e key diagnostic tools diff ered between the 
groups of patients according to their major health-
care problem.

Chest X ray was the most frequent key diagnostic 
tool in the group of patients with dyspnea (34%), 
electrocardiogram in the group with chest pain 
(53.1%), computed tomography (head) in the 
group with lack of consciousness (35.7%), labora-
tory (toxicology) fi ndings in the group of poisoned 
(95.8%) patients, and computed tomography 
(body) in the group of patients with abdominal 
pain (38.1%) (Fig. 2).

Ultrasound was performed in 78 (40.2%) patients 
in the fi rst 24 hours of hospital stay. Its fi ndings 
were useful in 73.1% of performed examinations, 
in 50% it provided signifi cant contribution to diag-
nostic appraisal, and in 23.1% ultrasound was the 
defi nitive diagnostic tool.

In the group of patients with abdominal pain, ul-
trasound was performed in 13 (61.9%) patients 
with relevant fi ndings in 84.6% of performed ex-
aminations, in the group with dyspnea in 22 (44%) 
patients with relevant fi ndings in 82% of performed 

examinations, in the group with chest pain in only 
9 (28.1%) patients but with relevant fi ndings in 
77.8% of performed examinations, and in the group 
of others in 14 (66.7%) patients with relevant fi nd-
ings in 71.4% of performed examinations.

Of 194 patients admitted to our ICU, 50 (25.8%) 
patients were discharged home, 77 (39.7%) patients 
were transferred to a medical ward (Department of 
Medicine, Department of Cardiology), 16 (8.3%) 
patients were transferred to Department of Psy-
chiatry, 4 (2%) patients were transferred to Surgery 
Clinic, and 47 (24.2%) patients died.

DISCUSSION

Important segments in the management of emer-
gency patients are early understanding of their 
condition and early treatment on event site, during 
transport, and in hospital emergency department. 
Limited time for diagnostic and therapeutic proce-
dures is a specifi c characteristic of emergency 
medicine. Supportive care and diagnostics oft en 
occur simultaneously. Moreover, if the risk of treat-
ment delay is greater than the risk of therapy side 
eff ects, empirical therapy is started before defi ni-
tive diagnosis is made. Early supportive therapy 
has positive infl uence on patients’ outcome, and 
earlier diagnosis enables earlier initiation of “etio-
logical” therapy which may be crucial for the out-
come (2).

Fig. 2. Ultrasound examinations according to major healthcare problem [without groups with arrest, fever (see 
explanation above) and intoxication because in this last group ultrasound was not indicated]
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Intensive care unit is the place where critically ill 
patients are cared for. Th erefore it is an integral 
part of emergency medical service. Indications for 
the ICU admission are life-threatening conditions 
that require dynamic monitoring of vital functions 
and rapid therapeutic interventions, which can all 
lead to patient’s good recovery and acceptable qual-
ity of life aft er acute illness has subsided.

Diff erent organization and resources in several 
segments of emergency service impose diff erences 
in expectations of diagnostic procedures during 
diff erent phases of emergency patient care. It is fa-
vorable to have defi nite diagnosis as soon as pos-
sible but, due to diff erent resources available, pa-
tients might be observed diff erently at various seg-
ments of care.

We tried to identify a diagnostic tool/procedure 
that has a key role in diagnostic algorithm depend-
ing on patient’s major complaint/symptom.

One third of patients admitted to our ICU came 
from the emergency department. Th e most com-
mon presenting symptoms were dyspnea and chest 
pain (42.3%), lack of consciousness (26.9% includ-
ing intoxication) and abdominal pain (10.8%). A 
relatively small proportion of patients admitted 
through emergency department could be explained 
by the fact that our hospital is the largest academic 
center in Croatia, and our ICU is the referral centre 
for medical intensive care. Due to the above, a sig-
nifi cant number of patients at our ICU are trans-
ferred from other hospitals or our hospital wards. 
Th ere are several specialized ICUs at our hospital 
which include several surgical and pediatric ICUs, 
neurological ICU and, as part of the Department of 
Medicine, there is the general medical ICU, coro-
nary care unit and a specialized unit for the treat-
ment of patients with bleeding from gastrointesti-
nal tract. Such organization of care for acutely ill 
patients certainly infl uenced the structure of pa-
tients admitted to our unit.

Age and gender distribution diff er between the 
groups according to the dominant symptom. Th e 
youngest group of patients was admitted due to in-
toxication. With age, the eff ects of atherosclerosis 
and cardiovascular problems increase, which is 
manifested in chest pain and dyspnea.

Majority of patients (69.1%) came to hospital emer-
gency department with ambulance accompanied 
with a medical doctor. It is interesting that only pa-
tients that presented with abdominal pain came to 
the emergency department by private transport. 
We can only assume that in majority of these cases 

that was a patient’s decision, and not of a physician 
who is a member of emergency service team. Nev-
ertheless, these patients are considered as having a 
lower risk of unwanted events that can endanger 
person’s health or life if physician is not present 
during patient’s transport to hospital. Distribution 
of patients in diff erent groups concerning the 
grades of urgency according to the major symptom 
supports the above consideration. Patients admit-
ted aft er cardiorespiratory arrest were, as expected, 
classifi ed in the fi rst degree of urgency. Patients 
who presented with dyspnea, lack of consciousness 
and intoxication were classifi ed into the second de-
gree of urgency. Patients with other leading com-
plaints were classifi ed into the third degree of ur-
gency. Patients with abdominal pain had similar 
degree of urgency as patients with fever.

Physician’s competences are crucial in establishing 
adequate diagnostic algorithm in emergency pa-
tients. Th ese algorithms are required for rational 
planning of diagnostic procedures. Assessment of 
individual contribution of diagnostic tools made to 
confi rm clinical suspicion, to diagnose and to plan 
etiological therapy is only orientational and did 
not include the assumption that these patients 
could be properly treated without these diagnostic 
tools. For example, toxicological analysis only con-
fi rms the already established diagnosis, based on 
medical history, and does not signifi cantly aff ect 
the treatment. In contrast, in patients with chest 
pain, ECG provides information that could have a 
great impact on further treatment. Based on our 
results, ultrasound was useful in the group of pa-
tients with abdominal pain, almost as useful as 
ECG in patients with chest pain. Th ese two meth-
ods, ECG and ultrasound, were the key diagnostic 
tools in 20% of patients. Both methods can be per-
formed at bedside and provide rapid results, which 
makes them ideal tools when dealing with emer-
gency patients. In contrast to ECG which is mainly 
reserved for patients with chest pain, ultrasound 
was useful in diff erent subgroups of patients.

Ultrasound examination was performed in 40% of 
patients admitted to ICU with relevant fi ndings in 
70% of performed examinations. In a quarter of 
patients, ultrasound established the fi nal diagnosis 
and, in about half of the examinations, ultrasound 
directed clinical reasoning to other additional 
tests.

Despite the availability of ultrasound instrument at 
the emergency department, the majority of ultra-
sound examinations were performed at the ICU 
(75%) and not at the emergency department. Th e 
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reason for this is the involvement of radiologists in 
performing and analyzing other radiological ex-
aminations and insuffi  cient training of attending 
clinicians for the use of ultrasound at emergency 
department. Work overload of clinicians in emer-
gency department is also an important problem. In 
our opinion, it is optimal if attending clinicians are 
able to perform an ultrasound examination on 
their own and include ultrasound fi ndings in the 
clinical decision making process. Some studies 
have shown that even short basic ultrasound train-
ing can be eff ective in some segments of emergency 
ultrasound (3).

Ultrasound examination should be a standard ex-
tension of clinical examination in a signifi cant 
number of patients at emergency department and 
intensive care unit (4). Consulting radiologist 
should be required in a case of uncertainty and if 
an important therapeutic decision should be made 
on the basis of ultrasound fi ndings.

Of all the diagnostic tools mentioned in this study, 
except ECG which is already available in ambu-
lance, ultrasound is the only one that could be 
moved at the prehospital phase of emergency care. 
All others are not appropriate for outpatient set-
ting.

Th e portable ultrasound instruments are available 
and of suffi  cient quality to be an assistance tool to 
physicians working out of hospital, by comple-
menting physical examination on the spot (5).

Our study showed that ultrasound proved particu-
larly useful in the treatment of patients with dysp-
nea; it is not so long ago that it was generally be-
lieved that the lungs were not the domain of ultra-
sound due to air in the lungs which is a strong 
refl ector and prevents access to the inside of the 
lungs in most cases. However, chest and lung ultra-
sound has been rapidly entering clinical practice in 
the fi elds of intensive care, respiratory medicine 
and acute medicine. Lung ultrasound is useful to 

diagnose pneumothorax, interstitial and alveolar 
lung abnormalities, and pleural pathology (6). 
Th ere is some evidence that integrating routine 
chest ultrasound into clinical practice is of benefi t 
in emergency and intensive care settings. Chest ul-
trasound is likely to become an essential physician’s 
skill (7).
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Učinkovitost dijagnostičkih postupaka u bolničkoj 
hitnoj službi s posebnim osvrtom na ultrazvuk

SAŽETAK - Tijekom 2011. godine u Zavod za intenzivnu medicinu Klinike za unutarnje bolesti KBC-a 

 Zagreb hospitalizirano je 589 bolesnika. 194 (33%) bolesnika primljeno je preko hitne službe, od čega je bilo 

104 (53,6%) bolesnika i 90 (46,4%) bolesnica. Medijan dobi bio je 68,5 (51,3-79) godina. Podjelom bolesnika 

s obzirom na vodeću tegobu ili prevladavajući klinički sindrom kod prijema, nalazimo da je u 25,8% glavna 

tegoba bila dispneja, u 16,5% bol u prsima, u 14,5% poremećaj stanja svijesti. Bol u trbuhu kao vodeći 

simptom nalazi se u 10,8% slučajeva, 4,6% bolesnika primljeno je zbog prethodnoga kardiorespiracijskog 

aresta. U 4,6% bolesnika prevladavajući simptom bio je febrilitet, a 10,8% bolesnika raspoređeno je u skupi-

nu ostalo. Trijažna medicinska sestra razvrstala je bolesnike s obzirom na stupnjeve hitnosti. Prvi stupanj 

hitnosti dodijeljen je u 18 (9,3%) bolesnika, drugi stupanj u 70 (36,1%) bolesnika, treći stupanj u 85 (43,8%) 

bolesnika, a četvrti stupanj u 21 (10,8%) bolesnika. Analizom doprinosa pojedinih dijagnostičkih metoda 

ustanovljeno je da su laboratorijske pretrage krvi i mokraće znatno doprinijele sagledavanju stanja bolesnika 

u 23% slučajeva, rentgenogram srca i pluća ili trbuha bio je ključna dijagnostička pretraga u 13,4% bolesni-

ka, kompjutoizirana tomografi ja u 12,4%, elektrokardiogram u 10,3%, a ultrazvuk u 9,8% bolesnika.  Ultrazvuk 

je učinjen u 78 (40,2%) bolesnika. Pregled ultrazvukom bio je koristan u 73,1% učinjenih pregleda, pri čemu 

je bitno pridonio u postavljanju dijagnoze u 50% pregleda, a postavio konačnu dijgnozu u 23,1% pregleda. 

Ultrazvuk se pokazao podjednako koristan u 3 najčešće tegobe: dispneja (82%), bol u prsima (77,8%), bol u 

trbuhu (84,6%).

Ključne riječi: odjel hitne medicine, odjel intenzivne medicine, ultrazvuk
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Use of central venous oxygen saturation 
in high risk surgical and critically ill patients

Dagmar Oberhofer, Dinko Tonković

ABSTRACT - Central venous oxygen saturation (ScvO
2
) has been used as a surrogate for mixed venous satu-

ration to provide information about adequacy of tissue oxygenation. Although absolute values of mixed ve-

nous and central venous saturation diff er, there is good correlation of changes in two parameters under 

various clinical conditions. Th e main clinical use of ScvO
2
 is in early shock resuscitation protocols, including 

early goal-directed therapy (EGDT) in septic shock patients with ScvO
2
 >70% as a target. In high-risk surgi-

cal patients, perioperative ScvO
2
 measurements have a prognostic signifi cance. Th e studies indicate that high 

ScvO
2
 values (>73%) should be aimed for in patients undergoing major general surgery. Th ere is evidence 

that perioperative fl uid and inotropic therapy guided by cardiac output or stroke volume measurement (goal-

directed therapy) is associated with a reduced rate of postoperative complications. Although ScvO
2
 measure-

ments provide useful information on the balance between systemic oxygen delivery and consumption, cur-

rent evidence does not support the routine use of ScvO
2
 as a hemodynamic goal in the management of 

high-risk surgical patients.

Other uses of ScvO
2 
in critically ill patients include predicting the success of extubation in diffi  cult-to-wean 

patients and acting as a physiological transfusion trigger. In interpreting the data, clinicians should be aware 

of the position of the central venous catheter tip which should be near or at the right atrium and of the fact 

that high ScvO
2
 values can indicate microcirculatory failure and oxygen extraction defects.

Key words: central venous oxygen saturation, high-risk surgical patient, goal-directed therapy

Department of Anesthesiology, Reanimatology and In-
tensive Care, Sveti Duh University Hospital, Zagreb, 
Croatia

HIGH-RISK SURGICAL PATIENTS 
AND GOAL-DIRECTED THERAPY

In recent years, considerable attention has been 
paid to the perioperative management of high-risk 
surgical patients who account for the majority of 

perioperative morbidity and mortality (1). Patients 
are classifi ed as high risk based on surgical or pa-
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tient related factors (Table 1). High-risk surgery 
relates to the extent, complexity, urgency, and less 
to the duration of the procedure. Patient related 
factors include age, history of signifi cant comor-
bidities and current clinical condition. Major sur-
gery is associated with a signifi cant stress response 
and an increased oxygen demand which cannot be 
met by increased oxygen delivery in patients with a 
low cardiopulmonary reserve. Th e imbalance be-
tween systemic oxygen delivery (DO

2
) and demand 

leads to global tissue hypoxia and ultimately to 
anaerobic metabolism, lactate production and 
multiorgan dysfunction/failure. Shoemaker and 
colleagues showed in 1988 that morbidity and 
mortality of high-risk patients could be signifi -
cantly reduced using goal-directed therapy (GDT) 
to meet the increased metabolic requirements fol-
lowing surgery (1). Th ey used predetermined sup-
raphysiological values of cardiac index (CI) and 
DO

2
 based on previously observed values in survi-

vors of major surgery to guide intravenous fl uid 
and inotropic therapy. Th e concept has later been 
changed to an individualized GDT approach which 
includes optimization of fl ow related parameters 
such as stroke volume and CI within the limit of 
individual patient’s cardiac capacity while avoiding 
hypovolemia and fl uid overload (2). A number of 
studies, including meta-analyses, have shown that 

GDT is associated with a signifi cant reduction in 
the rate of complications, shorter length of hospital 
stay and in some studies with reduced mortality. 
Th e outcome was not improved in patients who 
were not considered at high-risk (1,3-6).

Th e concept of GDT has been developed using a 
pulmonary artery catheter. However, the eff ective-
ness of the catheter in the management of high-risk 
surgical and other critically ill patients has been 
questioned (7). Th is prompted the development of 
less invasive technologies for monitoring hemody-
namic measures, which are suitable for intraopera-
tive use. Current fl ow monitoring techniques in-
clude the esophageal Doppler to measure descend-
ing aortic blood fl ow and arterial pressure waveform 
analysis (LIDCO plus, PiCCO system) (1). Meta 
analysis of 9 randomized, controlled trials which 
used intraoperative esophageal Doppler monitor-
ing to optimize intravascular volume status showed 
a reduced rate of complications and shorter hospi-
tal stays (3). Th e method requires specialized train-
ing and is not suitable for use in postoperative pe-
riod unless the patient is intubated and sedated. 
Th ere is less data in the literature on the eff ective-
ness of arterial pressure waveform analysis devices. 
In most of the studies, GDT was performed intra-
operatively or in the early postoperative period up 
to 8 hours aft er the surgery (8,9).

Another physiological variable that has been pro-
posed as a hemodynamic goal in surgical patients 
is mixed venous saturation (SvO

2
) and its surrogate 

central venous saturation (ScvO
2
).

PHYSIOLOGY OF SVO
2 
AND SCVO

2

SvO
2 
refl ects the balance between systemic oxygen 

delivery and demand. It is a better indicator of ad-
equacy of tissue oxygenation than cardiac output 
(CO) (10-12). Normal range for SvO

2
 is 70-75%. 

DO
2
 is determined by CO and oxygen content in 

arterial blood (CaO
2
), which is defi ned mostly by 

hemoglobin and arterial oxygen saturation (SaO
2
) 

(Table 2). SvO
2
 can be decreased as a result of de-

creased DO
2 

(anemia, hypoxemia, hypovolemia, 
heart failure) or increased systemic oxygen con-
sumption induced by pain, shivering, fever and 
stress. Fick’s principle states that oxygen demand 
or whole body oxygen consumption (VO

2
) is de-

termined by CO and arteriovenous oxygen content 
diff erence (CaO

2 
- CvO

2
) (Table 2). Under condi-

tions of decreased DO
2
, tissues can maintain oxy-

gen needs by increasing oxygen extraction (ERO
2
)

 

which is the fraction of delivered oxygen that tis-

Table 1. Criteria for high-risk surgical patients 

Surgery related factors

Abdominal aortic surgery

Extensive abdominal surgery for carcinoma 
including bowel anastomosis

Acute abdominal catastrophe (peritonitis, 
gastrointestinal bleed, pancreatitis)

Multiple trauma surgery

Patient related factors

History

Severe cardiopulmonary or vascular illness 
with severe functional limitation

Aged over 70 years with moderate functional 
limitation of one or more organ systems

Current clinical condition

Severe multiple trauma

Acute massive blood loss

Septicemia, shock

Respiratory failure (PaO
2
 <8 kPa on FiO

2
 >0,4 

or ventilation >48 hours)

Acute renal failure (urea >20 mmol/L, creatinine 
>260 µmol/L)
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sues consume. Normal ERO
2 
is 25% while ERO

2 
of 

50% usually indicates a critical point of inadequate 
DO

2 
relative to VO

2
, the occurrence of tissue hy-

poxia and anaerobic metabolism. SvO
2 
is related to 

ERO
2
 in the manner that ERO

2 
of 25% correlates to 

SvO
2 
of 75% and ERO

2 
of 50% or more to SvO

2 
of 

50% or less. Of note is that high SvO
2
 does not al-

ways indicate cardiocirculatory adequacy and high 
DO

2
. High SvO

2
 can refl ect microcirculatory fail-

ure and poor tissue oxygen extraction capacity 
which is associated with increased mortality.

Measurement of SvO
2 

requires the placement of a 
pulmonary artery catheter, the cost/benefi t of 
which has been a matter of debate. ScvO

2
 is ob-

tained through a central venous catheter placed in 
the superior vena cava which is a usual procedure 
in critically ill patients. Venous oximetry readings 
may be taken intermittently or continuously with a 
fi beroptic catheter using infrared oximetry. ScvO

2 

refl ects the saturation of venous blood from the 
upper body. It is usually 2-3% less than SvO

2 
be-

cause, generally, the lower body extracts less oxy-
gen than the upper body with higher oxygen satu-
ration in the inferior vena cava (10,11,13). How-
ever, in the state of shock ScvO

2
 is 5-8% higher 

than SvO
2
,
 
which can be explained by decreased 

mesenteric and renal blood fl ow and increased 
oxygen extraction in these organs. Higher ScvO

2
 

values have also been reported during anesthesia, 
presumably due to the eff ect of inhalational anes-
thetics on increasing cerebral blood fl ow and re-
ducing cerebral oxygen extraction. Similarly, pa-
tients with increased intracranial pressure and de-
creased cerebral metabolism can exhibit increased 
ScvO

2
.
 
A number of other studies have investigated 

the correlation between the two types of measure-
ments in various experimental and clinical settings. 
Although the absolute values of SvO

2
 and ScvO

2
 

diff ered, the changes in SvO
2
 were accompanied by 

parallel changes in ScvO
2
. What is important is 

that the pathologically low ScvO
2
 values are always 

clinically signifi cant. Another practical point is of 
the role of placing the tip of the central venous 
catheter which should be close to the right atrium 
for ScvO

2
 to be a good surrogate for SvO

2 
(12).

CLINICAL USE OF SCVO
2
 

MEASUREMENTS IN HIGH-RISK 
SURGICAL PATIENTS

As mentioned earlier, careful monitoring of peri-
operative fl uid administration and hemodynamic 
management by individualized GDT can improve 
the outcome of high-risk surgical patients. Al-
though the interest in ScvO

2 
is not new, it has re-

ceived attention as a hemodynamic goal in criti-
cally ill patients since Rivers et al. (14) published a 
study on ScvO

2 
guided early goal-directed therapy 

(EGDT) in patients admitted to the emergency de-
partment with severe sepsis and septic shock. By 
using 6 hours of EGDT before ICU admission with 
a ScvO

2
 value of ≥70% as a target in addition to a 

central venous pressure >8 mm Hg and mean arte-
rial pressure >65 mm Hg, they showed signifi cant-
ly reduced in-hospital and 28-day mortality com-
pared to standard therapy guided by central venous 
and mean arterial pressure. In this study ScvO

2 
was 

measured continuously using a fi beroptic catheter.

Th e data on perioperative ScvO
2 

measurements 
and their relationship to outcome in high-risk sur-
gical patients come from a few studies in which 
ScvO

2
 was measured by intermittent blood sam-

pling. In a randomized study on goal-directed he-
modynamic management applied in the intensive 
care unit aft er major surgery, Pearse et al. (15) 
measured ScvO

2 
hourly for 8 hours aft er surgery. 

Th ey found that the lowest ScvO
2 

value and the 
lowest CI value were independently associated 
with postoperative complications. Th e ScvO

2 
cutoff  

value of 64.4% had moderate sensitivity (67%) and 
specifi city (56%) to discriminate between patients 
who did or did not develop complications. In both 
the high and the low ScvO

2 
group (defi ned by the 

lowest ScvO
2 

above or below the cutoff  value of 
64.4%), ScvO

2 
decreased signifi cantly during the 

fi rst postoperative hour while CI and DO
2
 re-

mained unchanged. Th is was explained by in-
creased VO

2 
early postoperatively (pain, shivering, 

emergence from anesthesia).

In a multicenter study (16) on perioperative ScvO
2 

and outcome in high-risk abdominal surgery, 
ScvO

2
 was measured preoperatively and at 2 hour 

intervals during the operation until 12 hours post-
operatively. Similarly to Pearse et al., the study 
showed that large decreases in ScvO

2 
occur imme-

diately aft er surgery and that low ScvO
2 
intra- and 

postoperatively is associated with increased risk of 
postoperative complications. Th e optimal value of 
mean ScvO

2 
for discriminating between patients 

who did or did not develop complications was 73%. 

Table 2. Basic hemodynamic formulas

DO
2
 = CO x CaO

2

CaO
2 
= (Hb x 1,36 x SaO

2
) + (PaO

2 
x 0,0031)

VO
2 
= CO x (CaO

2 
– CvO

2
)

ERO
2
 = VO

2
/ DO

2 
or (SaO

2
 - SvO

2 
)

 
/ SaO

2

SvO
2 
= (1 - ERO

2
) x SaO

2
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Th e mean perioperative ScvO
2 

value in patients 
without complications was 74%, similar to the 
mean postoperative ScvO

2 
of 75% found by Pearse 

et al. Th e authors supported future trials with GDT 
using ScvO

2 
as a target in high-risk surgical pa-

tients but recommended higher target values (70-
75%) than in some other groups of critically ill pa-
tients (severe sepsis, trauma, cardiogenic shock).

In a study on goal-directed fl uid replacement ther-
apy, Futier et al. (17) also reported lower peri-
operative ScvO

2
 values (mean and minimal) in pa-

tients with postoperative complications despite 
similar volumes of fl uids and comparable CI and 
DO

2
 indices.

Information on ScvO
2 

guided GDT in high-risk 
surgery is sparse. Donati et al. (18) conducted a 
multicenter RCT on intraoperative and early post-
operative GDT using fl uids and dobutamine to ob-
tain ERO

2
 < 27%. ERO

2
 was calculated from the 

equation using arterial and central venous oxygen 
saturation (Table 2). As explained, ERO

2
 of 27% 

corresponds to ScvO
2 

of 73%, which is within the 
values recommended for GDT by the collaborative 
study group (16). Th e main results were that fewer 
patients in the protocol group had at least one or-
gan failure. Th e total number of organ failures and 
the length of hospital stay were also signifi cantly 
lower in the protocol group.

A more recent study (6) on ScvO
2
-directed fl uid 

therapy in 241 patients undergoing elective colo-
rectal and lower intestinal surgery did not show 
reduced rate of postoperative complications in 
ScvO

2 
group compared to the standard fl uid ma-

nagement group. However, methodologically this 
is a study on restrictive versus liberal fl uid regimen 
where colloid boluses in the restrictive group were 
guided by a ScvO

2
 value of 75%. Certain high-risk 

groups of patients (creatinine >177 µM, serious 
valvular heart disease) were not included in the 
study. Th e main fi nding was the same rate (42%) of 
postoperative complications in the two groups with 
signifi cantly diff erent total amount of fl uids given 
by the fi rst postoperative day. Th e authors stated 
that in relatively healthy patients there would be 
little diff erence in outcome wheather fl uid supply 
was optimal or not. Exclusion of certain high-risk 
patients, study protocol with diff erent fl uid regi-
men groups and no use of inotropes could have 
confounded the clinical usefulness of ScvO

2 
meas-

urements. In fact, in a number of GDT studies with 
better outcome in the intervention group receiving 
fl uid and inotropes according to specifi c hemody-
namic goals, the intervention group received more 
fl uids and/or more inotropes (2,8,18). A study on 

restricted vs conventional fl uid regimen GDT us-
ing the esophageal Doppler probe (17) in high-risk 
surgery showed signifi cantly higher incidence of 
postoperative complications in the restricted GDT 
group.

In summary, there is a strong support today for the 
use of individualized GDT utilizing fl ow monitor-
ing techniques during high-risk surgery. SvO

2
 and 

its surrogate ScvO
2 
refl ect the balance between sys-

temic oxygen delivery and consumption and pro-
vide useful information about adequacy of tissue 
oxygenation. Perioperative ScvO

2 
monitoring has 

prognostic signifi cance following major surgery. 
However, current evidence does not support the 
routine perioperative use of a ScvO

2
-guided GDT.

CLINICAL UTILITY OF SCVO
2
 

IN OTHER CATEGORIES OF 
CRITICALLY ILL PATIENTS

Th e important clinical situations where utility of 
ScvO

2
 has been reported are in early shock resusci-

tation protocols, in weaning patients from me-
chanical ventilation and to help with transfusion 
decisions.

Studies have shown that in patients presenting to 
the emergency department in shock (septic, hemor-
rhagic, cardiogenic), hemodynamic stabilization to 
normal vital signs was an insensitive end-point of 
adequacy of resuscitation and tissue oxygenation 
as indicated by low ScvO

2 
and increased lactate 

(10,13). ScvO
2 

<65% had prognostic signifi cance 
and indicated the need for further interventions 
including blood transfusions in trauma patients 
(19). Hosking et al. (20) showed the association be-
tween ScvO

2 
following resuscitation to normal 

blood pressure and complications in trauma pa-
tients with the optimal ScvO

2 
cut-off  value of 

66.5%. Th e authors suggested using ScvO
2 
as a po-

tential endpoint of resuscitation in trauma pa-
tients.

Continuous ScvO
2 

monitoring has been recom-
mended during cardiac arrest as a measure of ade-
quacy of CPR which has prognostic signifi cance. 
Failure to reach ScvO

2
 of at least 40% during CPR 

is associated with 100% mortality, while ScvO
2
 

>60% indicates high likelihood of return of sponta-
neous circulation in pulseless cardiac activity 
(10,13).

On the other hand, very high ScvO
2 
(>80%) during 

or aft er CPR usually indicates poor tissue oxygen 
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utilization due to a prolonged cardiac arrest and is 
an unfavorable prognostic sign.

In a pivotal study (14) on EGDT in septic shock 
patients with ScvO

2 
>70% as a target, EGDT group 

which had signifi cantly lower inhospital mortality 
received more fl uids with more patients treated 
with dobutamine and red blood cell transfusions. 
Hemoglobin is one of the determinants of oxygen 
delivery and ScvO

2
,
 
and targeting a ScvO

2 
>70% re-

sulted in more decisions to transfuse. In high-risk 
surgical patients who were hemodynamically sta-
ble and received blood transfusions postoperative-
ly, only patients with ScvO

2
 <70% before transfu-

sion had a signifi cant increase in ScvO
2
 aft er trans-

fusion as an indicator of clinical benefi t of blood 
transfusion (21). Th e authors concluded that ScvO

2
 

could be used as a physiological transfusion trigger 
to help with transfusion decisions. Th is should be 
confi rmed in randomized controlled studies.

ScvO
2
 has recently been found to be an early and 

independent predictor of extubation failure (22). 
Th e study included 73 diffi  cult-to-wean patients 
who failed a 2-hour spontaneous breathing trial. A 
decrease in ScvO

2 
>4.5% at 30 minutes of the spon-

taneous breathing trial was an independent predic-
tor of reintubation within 48 hours and

 
could re-

fl ect the increase of respiratory muscles oxygen 
consumption.

Another clinical situation where information about 
ScvO

2
 can be helpful is hypoxemic patient with 

shunt lung disease. When there is high venous ad-
mixture through V/Q mismatch, SvO

2
 plays a ma-

jor role in determining arterial oxygen saturation. 
In this case, increasing SvO

2
 (increasing CO, he-

moglobin, decreasing VO
2 
through sedation or use 

of antipyretics) will increase arterial oxygen satu-
ration in proportion to the degree of shunt.

CONCLUSIONS

ScvO
2
 measurement, which requires only the place-

ment of a central venous catheter, provides useful 
information about the adequacy of tissue oxygena-
tion. Th e changes in ScvO

2
 correlate well with 

changes in SvO
2
 under diff erent clinical circum-

stances. ScvO
2
 plays a central role in EGDT proto-

cols in septic shock patients. ScvO
2
 targeted resus-

citation may be benefi cial in other shock states. In 
high-risk surgical patients, central venous oxime-
try has a prognostic signifi cance. In patients man-
aged by GDT utilizing fl ow monitoring techniques, 
ScvO

2
 is a useful additional measure which can 

contribute to successful patient management. 

Th ere are certain limitations and pitfalls in using 
ScvO

2 
which the clinicians should be aware of.
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Upotreba zasićenja centralne venske krvi 
u visokorizičnih kirurških i ostalih teških bolesnika

SAŽETAK - Zasićenje kisikom centralne venske krvi (ScvO
2
) najčešće se koristi umjesto zasićenja miješane 

venske krvi kako bi se dobio uvid u dostatnost tkivne oksigenacije. Iako se apsolutne vrijednosti centralne i 

miješane venske saturacije ne podudaraju, promjene ova dva parametra zbivaju se usporedo u različitim 

kliničkim situacijama. Glavna primjena ScvO
2
 je kao dio protokola rane reanimacije bolesnika u teškoj sepsi 

i septičkom šoku, tzv. “early goal-directed therapy” s ciljnom vrijednosti ScvO
2
 iznad 70%. Kod visokorizičnih 

kirurških bolesnika praćenje ScvO
2
 ima prognostičko značenje. Istraživanja su pokazala da kod velikih ab-

dominalnih operacija ciljne vrijednosti ScvO
2
 trebaju biti iznad 73%. Perioperacijsko vođenje volumske te-

rapije i kardiocirkulacijska potpora koje se zasnivaju na praćenju hemodinamskih pokazatelja kao srčanog 

izbačaja, smanjuju učestalost poslijeoperacijskih komplikacija kod ovih bolesnika. Iako ScvO
2 
pruža korisnu 

informaciju o ravnoteži sistemske dostave i potrošnje kisika, ScvO
2 
se ne preporuča kao ciljni hemodinamski 

parametar za perioperacijsko vođenje visokorizičnih kirurških bolesnika.

Druge mogućnosti primjene ScvO
2
 kod bolesnika u jedinicama intenzivnog liječenja uključuju predviđanje 

uspješnosti ekstubacije kod bolesnika s neuspjelim pokušajem odvajanja od respiratora i kao tzv. fi ziološki 

pokazatelj potrebe za transfuzijom koncentrata eritrocita. Za ispravno korištenje vrijednosti ScvO
2
 nužno je 

da se vrh centralnoga venskog katetera nalazi blizu ili na ulazu u desnu pretklijetku. Pri interpretaciji mje-

renja treba uzeti u obzir kliničku sliku budući da visoke vrijednosti ScvO
2
 mogu biti znak nedostatne mikro-

cirkulacije i poremećaja potrošnje kisika na razini stanice.

Ključne riječi: zasićenje kisikom centralne venske krvi, visokorizičan kirurški bolesnik
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Treatment of postoperative cardiopulmonary 
dysfunction in patients aft er cardiac surgery 
with cardiopulmonary bypass: 
our experience

Višnja Ivančan, Sanja Konosić, Željko Čolak, Rajka Gabelica, Mirabel Mažar, Iva Šegotić, 
Mate Petričević1, Darko Anić1, Bojan Biočina1

ABSTRACT – Some methods used as therapeutic possibilities to decrease the number of patients with post-

operative cardiopulmonary dysfunction aft er cardiac surgery with cardiopulmonary bypass are described, 

i.e. percutaneous tracheotomy, noninvasive ventilation, extracorporeal life support. Factors which contribute 

to the development of lung complications aft er cardiac surgery, characteristics of our patients who received 

percutaneous tracheostomy, baseline characteristrics of patients treated with NIV, and indications and out-

come of our patients are presented in tables. It is stressed that each of these methods are intended for a par-

ticular type of patients and need to be selected very carefully.

Key words:  cardiac surgery, cardiopulmonary bypass, percutaneous tracheomoty, noninvasive ventilation, 
extracorporeal life support

Department of Anesthesiology, Reanimatology and In-
tensive Care, Zagreb University Hospital Center, Za-
greb, Croatia
1University of Zagreb School of Medicine, Department 
of Cardiac Surgery, Zagreb University Hospital Center, 
Zagreb, Croatia

INTRODUCTION

Despite advances in surgical technique, cardiac an-
esthesia, myocardial protection, and in methods of 
treatment in the intensive care unit, the incidence 
of cardiopulmonary dysfunction is not rare aft er 
cardiac surgery. Th e reasons can be found in many 
comorbidities, age and re-do procedures. Unique 
to cardiac surgery are the eff ects of the median 
sternotomy incision, topical cooling for myocar-
dial protection, internal mammary artery dissec-

tion, and the use of cardiopulmonary bypass. Pul-
monary dysfunction is a ubiquitous consequence 
of cardiac surgery, and every clinician familiar with 
the postoperative care of cardiac surgery patients 
anticipates complication.
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Since the advent of cardiac surgery in the 1950s, 
the number of cardiac procedures performed world-
wide has increased exponentially. Soon aft er car-
diac surgery was started, the contribution of post-
operative pulmonary complications to morbidity 
and mortality was recognized. Clinical manifesta-
tions of postoperative pulmonary dysfunction 
range from arterial hypoxemia in 100% of patients 
to acute respiratory distress syndrome which oc-
curs in 0.4% - 2.0% of patients (1). Th e symptoms 
of that clinical condition are high temperature, cy-
anosis, dyspnea, and hypotension, while aft er sev-
eral hours death is a very frequent outcome. Th e 
dysfunction is thought to be due to the eff ects of an 
acute systemic and pulmonary infl ammatory re-
sponse commonly referred to as ‘pump lung’ or 
‘post pump syndrome’.

Despite the success in eliminating the postper-
fusion lung syndrome, there are still many factors 
that contribute to pulmonary dysfunction in the 
postoperative period. Th e pathogenesis is associ-
ated with anomalies in gas exchange, alterations in 
lung mechanics, or both. Comparison of vital ca-
pacity preoperatively and postoperatively in pa-
tients undergoing cardiac surgery has shown a de-
crease in VC (50%-70%) which may persist for 2 
weeks or longer (2). At the same time total lung 
capacity, inspiratory capacity, and functional re-
sidual capacity are also decreased both early and 
late in the postoperative course.

Patients who require chronic intubation and venti-
latory support aft er open-heart surgery usually 
showed evidence of poor pulmonary function pre-
operatively, but other problems that may lead to a 
need for long-term ventilatory support include 
fl uid overload, prolonged hemodynamic instabili-

ty, intracerebral events, infection, metabolic dis-
turbance and renal failure. Table 1 shows the fac-
tors which contribute to the development of lung 
complications aft er cardiac surgery.

Cardiogenic shock has been reduced signifi cantly 
over the past decade. 0,5% - 1% of all postcardioto-
my patients may have severe cardiac failure aft er 
cardiopulmonary bypass that is refractory to ino-
tropes and intraaortic balloon pumps. It is com-
bined with severe pulmonary dysfunction. Extra-
corporeal membrane oxygenation provides a tem-
porary means of support in these patients as well as 
in those with delayed shock.

Th erapeutic possibilities to decrease the number of 
patients with poor outcome include a wide spec-
trum. We will present below some of the methods 
used at the Division of Anesthesiology and Inten-
sive Care for treating cardiac surgery patients, De-
partment of Anesthesiology, Reanimatology and 
Intensive Care, University Hospital Center (UHC) 
Zagreb. Each of these methods are intended for a 
particular type of patients and need to be selected 
very carefully. Good clinical evaluation and expe-
rience are very important.

PERCUTANEOUS TRACHEOTOMY

Tracheotomy is commonly performed for critically 
ill ventilator-dependent patients to provide long-
term airway access. Th e benefi ts commonly as-
cribed to tracheotomy, compared to prolong trans-
laryngeal intubation, include improved patient 
comfort, more eff ective airway suctioning, reduced 
airway resistance, enhanced patient mobility, in-
creased opportunities for articular speech, ability 
to eat orally, and a more secure airway.

Table 1. Factors which contributeto the development of lung complications aft er cardiac surgery

Postoperatively
Nonreversal of anesthesia
Pain, phrenic nerve dysfunction
Reduced all lung capacity
Chest tubes
Atelectasis, pulmonary edema
Hypervolemia
Pleural eff usion

Intraoperatively
Respiratory depression, neurol. 
injury
Sternotomy, CAPB
Duration of CAPB
Topical cooling
Internal mammary art. Dissection
Increased number of bypass graft s

Preoperatively
COPB
Obesity, age
Diabetes mellitus
Smoking
Chronic heart failure
Emergency surgery or re-do
Immobility

Factors which contribute to the 
development of lung complications 

aft er cardiac surgery
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At our Department, percutaneous dilatational tra-
cheotomy has been applied since May 1998 (on 
May 4, 1998 fi rst tracheotomy was performed at 
UHC Zagreb by dr. Ivančan). We perform it in he-
modynamically stable patients who developed res-
piratory insuffi  ciency (mechanical respiratory sup-
port longer than 2 weeks without possibility to 
wean it off  soon), caused by complication in early 
postoperative course (CVI, bronchopneumonia, 
severe COPB, sepsis). Th e procedure allows us to 
help patients survive, but it has also gave rise to 
many questions. One such question concerns the 
optimal timing of tracheotomy in a patient who re-
quires prolonged mechanical ventilation.

Although some studies have reported improved 
outcome in patients who undergo early tracheoto-
my (between the fi rst 3 – 6 days of mechanical ven-
tilation) compared with late tracheotomy, (aft er 
about 2 weeks), others have found no diff erence 
between early and late timing of the procedure (4). 
One group reported that early tracheotomy de-
creased mortality by 50% (3).

At our department, 238 patients underwent tra-
cheotomy in the period of 14 years. In more than 
50% of patients the time of mechanical ventilation 
was shorter, suctioning was more successful, pa-
tients did not receive additional sedations or/and 
relaxations for reintubation that may be the reason 
for hemodynamic disturbances, and they were 
breathing spontaneously during a time period eve-
ry day, consequently with improved respiratory 
muscle. 124 patients were succesfully liberated 
from ventilator and canula was taken out aft er 48 
hours of spontaneous breathing. 114 patients had 
poor outcome because of multiorgan failure caused 
by low cardiac output syndrome, sepsis or severe 
neurologic damage.

Th e use of nonivasive ventilation in acute respira-
tory failure has become widespread in recent years, 
and published data have suggested that it improves 
oxygenation and can decrease the reintubation rate 

in medical and surgical patients (5). NIV is ordered 
routinely in intensive care units where it has dem-
onstrated its eff ectiveness to treat acute respiratory 
failure, especially in patients with COPB, acute 
heart failure and immunosuppression. It has been 
applied for respiratory failure aft er extubation in 
multiple surgical settings, such as abdominal sur-
gery, pulmonary resection, and cardiac surgery, 
with improvements achieved in oxygenation and 
decreases in the reintubation rate.

Obesity is considered a risk factor for respiratory 
complications. Postoperative respiratory failure in 
obese patients is the consequence of their supine 
positions during prolonged surgery, increased pro-
pensity to alveolar collapse and obstructive sleep 
apnea syndrome, and increased sensitivity to the 
respiratory depressive eff ect of sedatives and opi-
ates. Th e benefi ts of NIV in obese patients have 
been well documented (6-8).

Almost all cardiac surgery patients have some de-
gree of postoperative lung dysfunction. Most of 
them have an adequate pulmonary reserve and tol-
erate this dysfunction very well, with minimal ef-
fects on oxygenation or breathing. In patients with 
a history of respiratory disease or with postopera-
tive pneumonia or cardiogenic pulmonary edema, 
respiratory function can be impaired severely. Pos-
sible factors include general anesthesia, adminis-
tration of central respiratory depressants, median 
sternotomy, the presence of drainage tubes, cardio-
pulmonary bypass, blood derivative transfusion, 
diaphragm dysfunction, and comorbidities, espe-
cially chronic obstructive pulmonary disease and 
obesity. In recent years, protocols have included 
the presurgical assessment of the respiratory im-
pairment risk, and strategies have been developed 
to decrease pulmonary complications, including 
the use of early extubation or minimally invasive 
surgery (5).

When to start and when to stop and convert NIV 
to mechanical ventilation still remains an unan-
swered question. Although NIV has been studied 
extensively, its eff ective use remains largely an art. 
Patient cooperation is crucial for success. It is well 
known that patients who required reintubation 
have increased chance for poor outcome and have 
high mortality rate (5).

We began to apply NIV in 2009. Th e criterion for 
NIV application was the onset of acute respiratory 
failure aft er initial extubation, defi ned by ≥1 of the 
following:

1. hypoxemia SaO2 <90% with FiO2 50%

2. respiratory acidosis pH <7,30 i CO2 >50

Table 2. Characteristics of our patients who received 
percutaneous tracheotomy.

Age Sex Cause Liberated

67.1 ± 10,8 M = 131
F = 107
ALL: 238

Pneumonia 
n=86
COPB n=24
CVI n=12
SNMVS 
n=126

n=57 (66.28%)
n=18 (75%)
n=7 (58.33%)
n= 42 (33.33%)
ALL: 124 
(52.1%)

NIV – Noninvasive ventilation
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3. respiratory rate > 30/minute

4.  increased respiratory workload or muscle fa-
tigue

5. paradoxic abdominal movement.

Table 3. Baseline characteristics of patients treated 
with NIV.

Mean value ± SD n(%)

Number of patients  18 (100%)
Age 65±11
Female  12 (66.66%)
Male  6 (33.33%)
BMI (kg/m2) > 30  8 (44.44%)
Smokers  7 (38.88%)
COPB  6 (33.33%)
Emergency surgery  5 (27.77%)
Duration of EKC-a (min) 146±72
Duration of NIV (hours) 37±12
Reintubated  8 (44.44%)

Th e criterion for reintubation was observation of 
one of the following: respiratory arrest, conscious-
ness impairment with irregular respiratory rate or 
gasping for air, severe intolerance of NIV, hemody-
namic instability, no improvement in hypoxemia, 
hypercapnia, no improvement in clinical signs of 
fatigue or the inability to clear secretions.

ECLS (EXTRACORPOREAL LIFE 
SUPPORT)

ECLS and extracorporeal membrane oxygenation 
(ECMO) have been indicated as treatment for acute 
respiratory and/or cardiac failure. Here we describe 
our fi rst four years of inhospital ECLS activity.

Th e fi rst device which assured blood extracorporeal 
oxygenation and perfusion of isolated organs was 
developed by von Frey and Gruber in 1885 (9). Th e 
fi rst heart-lung machine was projected by Gibon in 
1937 in order to allow open-heart surgery. Over the 
years, extracorporeal circulation circuit has been 
improved and the technique optimized, and it is 
now available for clinical practice. From a general 
point of view, two methods of support are outlined: 
veno-venous extracorporeal oxygenation, known as 
ECMO, for respiratory function substitution, and 
extracorporeal life support technique (ECLS) with 
veno-arterial circulation for both oxygenation and 
hemodynamic assistance.

First successful ECMO in an adult was performed 
in 1972 by Hill and coworkers, and in a newborn 
by Bartlett in 1976.

Fig. 2. Veno-venous

Fig. 1. Veno-arterial

Mechanical cardiac assist is a component of a 
multidisciplinary heart failure program, both in 
adults and children. Indications for cardiac assist 
include:

1. chronic cardiac support as a bridge to recovery

2. bridge to transplantation

3.  short-term support in postcardiotomy cardio-
genic shock

4.  temporary support for high-risk cardiology in-
terventions

5. emergency cardiac resuscitation.

We implemented this method in 2008. From the 
beginning of 2008 to April 2012, 36 patients re-
quired this method. Four of them were children 
under 1 year of age.
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Th e aim of performing ECLS is to provide circula-
tory and respiratory support during a short period 
(several days or 2-3 weeks) until the function of 
heart and lung gets better. Regarding literature 
data, the best results have been achieved in new-
borns with respiratory distress syndrome where 
the rate of survival and discharge from hospital is 
very high (80%-90%) (10). At the same time, re-
sults with children aft er open heart surgery because 
of congenital heart disease are not so satisfactory. 
32.4% - 45% of such pediatric patients survived 
and were discharged from hospital. In adult pro-
gram, results are even worse: 40% of adult patients 
were discharged from hospital (11).

With regard to our results, the worst outcome was 
in the postcardiotomy patient group. Th e reason 
for that was high age and the fact that a decision to 
begin with the program was made too late, at the 
time when irreversible damage had already oc-
curred.

In the group of patients with chronic heart failure, 
there were 23 patients. 7 of them were listed for 
transplantation and several days later the trans-
plantation was performed. 3 of them developed 
myocarditis with severe hemodynamic disturbance 
and cardiogenic shock. Until total recovery, ECLS 
was performed during 2 – 5 weeks. 6 patients from 
that group required some other circulatory sup-
port. Th e rest of the patients did not survive. Th ey 
developed severe complications like sepsis in 4 pa-
tients, severe neurologic disturbances in 3, and one 
of them had severe bleeding from GI tract.

According to literature, patients with postcardioto-
my cardiogenic shock secondary to irreversible 
myocardial injury are, however, unlikely to have 
the same benefi t from ECMO (12). Furthermore, 
prolonged ECMO can be detrimental. Complica-
tions such as bleeding, stroke, renal failure, and 
respiratory insuffi  ciency limit the support duration 
and contribute to high morbidity and mortality in 
postcardiotomy patients (13). Patients undergoing 
heart transplantation may require postoperative 
ECMO support for additional circumstances. 
Reperfusion injury from heart preservation can 

cause primary graft  dysfunction and cardiogenic 
shock (14). Patients with heart transplants can also 
have signifi cant pulmonary hypertension in the 
early postoperative period that is refractory to pul-
monary vasodilatators such as inhaled nitric oxide, 
resulting in right ventricular overload and heart 
failure. Both of these clinical scenarios can be tem-
porarily overcome by ECMO (15).

Many postcardiotomy patients are ultimately una-
ble to wean from ECMO support. Early recogni-
tion of these patients may be useful. Prompt use of 
implantable ventricular assist devices in those pa-
tients with nonrecoverable cardiogenic shock could 
reduce mortality and complications of prolonged 
ECMO while providing a chance for subsequent 
heart transplantation.

CONCLUSION

It is a well known fact that cardiorespiratory dys-
function is the most common reason for admission 
in the intensive care unit, as well as for a long pa-
tient’s stay there. Th ere are currently many meth-
ods available to help the patient and contribute to 
good outcome, which has been demonstrated in a 
high number of multicentric studies.

Each of these methods can be implemented in the 
treatment of specifi c types of patients. Extensive 
clinical experience and the following of protocols 
are necessary for right decision in choosing the ad-
equate method. To warrant safe treatment, the in-
volvement of several properly trained physicians 
and nurses seems advisable.
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Liječenje postoperacijske kardiopulmonalne 
disfunkcije u bolesnika nakon kardiokirurškog 
zahvata s kardiopulmonalnim premoštenjem 
– naše iskustvo

SAŽETAK – Opisane su neke metode koje se rabe u cilju smanjivanja broja bolesnika s postoperativnim 

kardiopulmonalnim poremećajem nakon operacija na srcu s kardiopulmonalnim premoštenjem. Karakteri-

stike naših pacijenata koji su podvrgnuti perkutanoj traheotomiji, temeljne značajke pacijenata tretiranih 

neinvazivnom ventilacijom te indikacije i ishodi naših pacijenata prikazani su u tablicama. Naglašeno je da 

je svaka od tih metoda namijenjena odgovarajućem tipu bolesnika te da mora biti vrlo pomno odabrana.

Ključne riječi:  kirurgija srca, kardiopulmonalno premoštenje, perkutana traheotomija, neinvazivna 
ventilacija, ekstrakorporealna potpora
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Laboratory monitoring of a critically ill child

Nada Vrkić

ABSTRACT - Th e practice of pediatric laboratory medicine involves unique challenges related to develop-

ment, nutrition, growth, and diseases during diff erent periods of infancy, childhood, and adolescence. Th is 

article discusses aspects of pediatric laboratory medicine faced by clinicians, including point-of-care testing, 

preanalytic variables, analytic factors, reference intervals, and future opportunities. Laboratory contribution 

to the care of a seriously ill child is essential to plan and organize therapy aft er the fi rst-step emergency care 

and to know the etiology of the illness. Laboratory tests that should be available within several minutes are 

blood cell count, blood gas analysis, sodium, potassium and calcium, glucose. Other tests, such as creatinine 

and urea, bleeding tests, blood smear, osmolality, etc. should be available within sixty minutes. New accurate 

and rapid techniques and instrumentations have facilitated the diagnostic and therapeutical approach to 

pediatric emergency. Point-of-care testing is a technological innovation with the potential for improving 

patient care. It will most likely soon become part of the standard of care. POCT has a unique niche in critical 

care transport, and experience and evidence have shown that testing can be performed with high reliability. 

POCT provides the benefi t of rapid analysis of critical analytes and blood gases in a setting where no other 

laboratory analysis is available. Although challenging, pediatric laboratory testing off ers many opportunities 

for improved patient care, clinical and laboratory based research, and education.

Key words:  pediatric critical care, emergency pediatric laboratory, laboratory monitoring, test-ordering, 
point-of-care testing, turnaround time, sample fl ow

Clinical Institute of Chemistry, Sestre milosrdnice Uni-
versity Hospital Center, Zagreb, Croatia

INTRODUCTION

First, everyone would ask what the diff erence is be-
tween laboratory monitoring of a vitally endan-
gered (critically ill) child and an adult. Is it just that 
the laboratory staff  has universal inherent biologi-
cal aff ection and sensitivity toward children or is it 
because of an objective reason?

A medical biochemist, as well as a pediatrician, are 
faced with the actual diff erences between children 
and adults at analytical, technical and organiza-
tional level.
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In the past century, medical knowledge recorded 
an exponential growth in almost all medical spe-
cialties and medical technology, but pediatric needs 
always remain on a separate path. In all innovative 
developments, diagnostic industry always emerges 
on the markets with products intended mainly for 
adults while specifi c solutions for pediatrics come 
later. Complexity of this life period is refl ected in 
the wide range from premature babies to young 
adults. A pediatric laboratory faces many challeng-
es: the need to use small samples and change refer-
ence intervals with age, diffi  culties in information 
applicability for the age and puberty, the need for 
rapid testing, challenges related to adolescent, and 
the ability to perform testing related to genetic and 
metabolic diseases (1).

All the factors above pose an even more complex 
task when they concern a vital endangered child. 
Laboratory contribution to the care of a seriously 
ill child begins immediately aft er the fi rst emer-
gency medical care, and is refl ected in planning 
and organization of treatment and detection of dis-
ease etiology. Most acute syndromes in pediatric 
emergency care include coma, convulsions, dehy-
dration, metabolic imbalance, hypovolemic or an-
aphylactic shock, serious infectious diseases and 
poisonings (2). Laboratory tests of the fi rst order of 
urgency, which must always be available, include 
CBC, gas analyses, sodium, potassium, calcium 
and glucose. Analysis of serum creatinine and urea, 
coagulation tests, blood count, CRP, procalcitonin, 
ALT, AST, osmolality, qualitative urine tests, bio-
chemical and cell fl uid tests and toxicological anal-
ysis must be completed within one hour (3). Labo-
ratory, as part of the medical system, must follow 
closely medical problems in pediatrics and fi nd so-
lutions for ensuring quality assurance which is 
greatly compromised when analyzing pediatric 
samples. We will explain what threats to quality are 
possible.

PREANALYTICAL VIEW

PREANALYTICAL variables such as sampling, 
handling of test-tubes and sample size aff ect the 
quality of laboratory tests. Sampling for infants and 
children is technically very demanding and re-
quires special skill. Capillary samples collected by 
untrained staff  oft en contain admixtures of blood 
from arterioles, venules and capillaries, with the 
interstitial and intracellular fl uids and analytes dif-
fering from those obtained in the arterial or venous 
sample.

Cooperation with laboratory staff  is highly impor-
tant to ensure the reliability of laboratory data, as 
well as joint eff orts to avoid interferences and thus 
ensure that laboratory fi ndings are true and that 
decisions in the process of medical treatment are 
correct. For example, hemolysis in a neonatal blood 
sample may adversely aff ect testing of hyperbiliru-
binemia because hemoglobin interferes with deter-
mination of bilirubin (4). Furthermore, sample 
stability can vary with temperature so that it is im-
portant to submit samples to the laboratory imme-
diately (5). Inevitably, a small number of pediatric 
samples should be processed immediately without 
being subjected to additional changes in vitro - gly-
colytic and hemolytic processes that lower the con-
centration of glucose and increase the K concen-
trations (6). Th erefore, it is highly necessary to 
separate plasma quickly from cells and thereby 
take care of that small amount of plasma (to be 
placed into close containers) which is exposed to 
evaporation that, in turn, may lead toward in-
creased analyte concentration. It is therefore advis-
able to take samples with an anticoagulant to ob-
tain as much volume as possible for analysis (7).

ANALYTICAL VIEW

Analytical factors include instrumentation, sample 
handling within the laboratory, sample volume, 
analytical interferences and the time of issuing test 
reports. In the fi eld of automated laboratory equip-
ment that is particularly important for emergency 
diagnosis, there are less innovations appropriate 
for pediatric patients, and thus these instruments 
are oft en unable to cope with small sample volumes 
(8). For example, micro test-tubes suitable for 
pediatric samples cannot be applied in automated 
instruments, and application for hematology ana-
lyzers has only been developed in some systems. 
Biochemical analyzers require large volume sam-
ples or, for pediatric needs, too large ‘dead volume’ 
representing the useless amount at the tube bottom 
which the system cannot pipette. Requirements to 
reduce the amount of reagent, the ‘dead volume’ 
and the test-tube size still remain unanswered for 
many instruments (9).

In computerization, we also encounter diffi  culties. 
Special barcode labels are needed for small test-
tubes because standard labels are too large. Robotic 
systems have been developed for measuring test-
tubes with dimensions of 5-7 mL, and they are not 
able to handle micro-containers. Th erefore, separate 
manual processing is inevitable at larger laborato-
ries, which deprives pediatric samples of positive 
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identifi cation fl ows in all phases of work. Current 
technology cannot include pediatric samples in gen-
eral consolidation and information fl ows (10). Th e 
methods used for pediatric testing must be carefully 
selected due to specifi c interference. High concen-
trations of bilirubin, fat and fetal hemoglobin are 
present in many neonatal samples. Bilirubin at the 
level of 427 μmol/L absorbs light at wavelengths 
where many spectrophotometric methods measure 
diff erent analytes and can cause false test results at 
biochemistry, hematology and coagulation labora-
tory. Intravenous nutrition with added fat emulsions 
can cause iatrogenic lipemia representing turbidity 
(bleariness) in analytics and interference in the spec-
trophotometric and nephelometric methods based 
on light scattering (11). Laboratory procedures are 
therefore repeated aft er elimination of lipemia. Fetal 
hemoglobin, normally present in signifi cant quanti-
ties only in neonates and infants, interferes with ac-
curate measurement of carboxyhemoglobin and 
methemoglobin which are important parameters 
for care of newborns in intensive care units. Methe-
moglobin, as a toxic byproduct, is falsely elevated in 
laboratory fi ndings when fetal hemoglobin is in-
creased (12). Fortunately, instruments eliminate this 
interference appropriately using spectrophotomet-
ric system with multiple wavelengths in measuring 
light scattering.

FREQUENCY OF LABORATORY 
TESTS

Th e frequency of requests for laboratory testing 
also diff ers in vitally endangered children due to 
dynamic changes within short periods of time. Th e 
need for frequent sampling is followed by an even 
larger volume limit and is mostly reduced to capil-
lary blood. Laboratory staff  understand well, and 
are ready for, frequent demands and expectations 
of rapid completion of analyses, with simultaneous 
control of the quality of fi ndings. Due to frequent 
blood sampling the blood volumes taken from a 
vitally endangered child are not negligible and they 
undoubtedly represent an additional loss for a 
child. Th erefore, this is another point of strong mo-
tivation for permanent arrangement between a 
laboratory and physicians to overcome non-com-
pliance of samples, assessment of interference level 
and interpretation of fi ndings.

REFERENCE INTERVALS

Th e general rule that laboratory tests refl ect the 
physiological changes associated with diseases and 

their treatment is not entirely true for pediatric pa-
tients. Evaluation of fi ndings occurs in the context 
of growth and sexual maturation, and the reference 
interval according to chronological age cannot al-
ways serve as a basis for optimal reference intervals 
(13). Pediatric reference intervals must provide in-
formation on age groups and sex, type of sample, 
and particular population (eg. race). Clearly, deter-
mining the specifi c reference intervals per age is 
crucial for children’s diagnostics and treatment 
monitoring. It is the weak link in the chain of med-
ical care for children. Collection of samples from 
healthy children is diffi  cult, especially in premature 
infants, infants and small children, and therefore 
laboratory fi ndings are defi cient in this segment 
for some portions of children population. In addi-
tion, currently available laboratory information 
systems neither allow automatic calculation of the 
patient’s age as compared to, for example, prema-
ture birth, nor reference intervals can be separated 
according to gestational age. Interpretation of fi nd-
ings in the absence of reliable reference intervals 
relies on clinical experience of neonatologists and 
extrapolation of reference intervals. Here lies one 
of the diffi  culties in assessing the fi ndings of an en-
dangered child and some of the causes of poor 
treatment, and later also of unnecessary diagnostic 
procedures related to the incorrect reference inter-
val. Consensuses and guidelines established for 
adults are not applicable to children (14).

CRITICAL VALUES

Critical value is defi ned as a value that represents 
the patophysiological status which deviates so 
much from the normal that it refl ects a critical, life-
threatening condition. Abnormal values are not 
considered critical values (15).

Laboratory staff  is particularly sensitive to critical 
values, especially for children in intensive care. Af-
ter a measuring is confi rmed on the same sample, 
professional obligation is to communicate imme-
diately critical fi ndings directly to a physician so 
that he/she could immediately take medical proce-
dures. Expert consensus of medical biochemists 
contains critical fi ndings with listed tests and meas-
ured levels which require prompt analytical confi r-
mation and reporting to the physician (16). Th ese 
also include tests relating to laboratory monitoring 
of a vitally endangered child in diff erent conditions 
and with diff erent causes - activated partial throm-
boplastin time (APTT), aminotransferase (AST, 
ALT), ammonia, inorganic phosphate anion diff er-
ence, antithrombin III, ethanol, bilirubin, total cal-



118

Su
p

p
l.

 2
, 2

0
1

2

N. Vrkić. Laboratory in pediatrics Neurol Croat Vol. 61, Suppl. 2, 2012

cium, ionized calcium (Ca + +), chloride, creati-
nine, creatine kinase, D-dimers, digoxin, digotox-
in, fi brinogen, fi brin monomer, glucose, 
hematocrite, hemoglobin, lactate, lactate dehydro-
genase (LD), leukocyte count, lipase, magnesium, 
myoglobin, sodium, osmolality, osmolarity diff er-
ence, pCO2, pO2 pH, potassium, free T4, total T3, 
prothrombin time (TT), platelet count, troponin, 
uric acid, urea (2).

THE RATE OF TEST COMPLETION

Th e rate at which test results are reported is one of 
the quality indicators whereby a laboratory tests 
itself in healthcare practice while at the same time 
aspiring to ensure complete and reliable test re-
ports (17). Th is time span from when the sample 
enters the laboratory, for which the laboratory 
takes full responsibility, to issuance of test results 
from the laboratory is called TAT (turnaround 
time). It must be preset according to the standards 
of good laboratory practice. Care of vitally endan-
gered child is in the highest category of intensive 
medicine, which is also refl ected in the laboratory 
commitment to issue fi ndings within 30 minutes 
(glucose, potassium, and gas analysis), and for oth-
er tests in up to 1 hour. Laboratory services are 
considered to be a part of patient care and, in this 
context, we strive to fulfi l our commitments, defi n-
ing TAT reduction as a permanent goal (2, 17).

DECENTRALIZED LABORATORY

What we call point-of-care testing (POCT) - or the 
bedside testing - is broadly defi ned as testing at de-
centralized units and, more specifi cally, as testing 
carried out physically next to a patient or even by a 
patient himself/herself if he/she is outside the hos-
pital. Capacities of the involved technology provide 
a large step forward, almost a dream come true for 
the pediatric emergency medicine. It enables de-
termination of electrolytes in the operating room, 
or blood gases and electrolytes at the neonatal in-
tensive care, or glucose, main global coagulation 
tests, drugs of abuse, lactate, creatinine, or CBC by 
scanning DBC, performance of semi-quantitative 
analyses for procalcitonin or troponin - everything 
from capillary blood in amount less than 0.5 mL, 
with no previous treatment by centrifugation. A 
laboratory that pediatrics could only wish for - a 
small amount of sample, possibility of frequent 
sampling without compromising the child’s total 
blood volume, speedy analysis – completion within 

a few minutes aft er sampling, the instrument at 
hand to a nurse and physician. It is the ideal ar-
rangement for monitoring of critically ill children, 
emergency departments, and perinatal units. In 
addition, possibility of hemolysis is reduced, lead-
ing to even more true and reliable fi ndings. POCT 
systems are also developed for identifi cation of 
agents of sepsis such as Streptococcus group A and 
B, infl uenza and respiratory syncytial virus (18). In 
near future we can expect routine identifi cation of 
agents of sepsis by molecular diagnostics methods 
- POCT in molecular diagnostics for detection of 
infectious disease agents, especially for detection 
of sepsis, followed by pharmacogenetics and ge-
netic testing (19). Great expectations from molec-
ular diagnostics have not yet been confi rmed. 
Clinical utility has not been proven, and many eth-
ical dilemmas have also appeared.

POCT cost-eff ectiveness and impact on clinical out-
come have not been fully documented, and assess-
ment of their clinical validity is yet to be done (20).

Analyses in dispersed POCT laboratories must be 
archived in the centralized laboratory, which means 
that POCT instruments should be connected to ex-
isting informatic systems to ensure patient identifi -
cation. Documentation on analytical quality control 
and monitoring of analyzer operation outside the 
central laboratory remain within responsibility of 
the laboratory and include responsibility for cor-
rectness, reliability, accuracy, and well-implemented 
and verifi ed education of the staff  who perform 
analyses in a hospital department (21, 22).

Previous sections include tests that monitor dy-
namically the treatment of a vitally endangered 
child, being the basis for the physician’s assessment 
of the status and decisions on further actions. In 
emergency situations and various etiologies, such 
as neonatal apnea, neonatal sepsis, in conditions of 
hydration checking, testing kidney function, liver 
function, emergency diagnostics is a valuable labo-
ratory diagnostic tool for monitoring a vitally en-
dangered child. Research in laboratory medicine 
are focused on detection of biochemical and hema-
tological markers that might enable early diagno-
sis, which will mean faster application of an eff ec-
tive medicine, faster recovery and reduced rate of 
unnecessary lethal outcomes. Th ese biochemical 
markers, along with well-established CRP and CBC 
in the third generations of hematology analyzers, 
are already in use for early diagnosis of sepsis - 
procalcitonin and IL-6 (23). Diagnostic industry 
has developed automated systems so that these 
tests may be included in the group of tests with 
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TAT within an hour. Positive results for early diag-
nostics and monitoring of sepsis have been shown 
in studies on interleukin-1-beta and TNF-alpha, 
but they are not yet in clinical use (24).
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Laboratorijsko nadziranje kritično bolesnog djeteta

SAŽETAK - Pedijatrijska laboratorijska medicina podrazumijeva jedinstvene izazove koji se odnose na 

procjenu razvoja, prehrane, rasta i bolesti u različitim razdobljima dojenaštva, djetinjstva i adolescencije. 

Ovaj članak govori o aspektima pedijatrijske laboratorijske medicine s kojima se suočavaju kliničari i 

biokemičari, uključujući testiranja uz bolesničku postelju, predanalitičke varijable, analitičke čimbenike, 

specifi čne i dinamične referentne intervale, te buduće mogućnosti. Laboratorijski udio u skrbi za vitalno 

ugroženo dijete neizostavan je dio plana i organizacije pružanja hitne skrbi, dijagnostike i potom praćenja 

terapije. Laboratorijske pretrage koje moraju biti dostupne za nekoliko minuta su krvne stanice, plinske ana-

lize, natrij, kalij, kalcij i glukoza. Ostale pretrage, kao što su ureja, kreatinin i koagulacijske pretrage, krvni 

razmaz, osmolalnost i drugi, trebale bi biti dostupne intenzivnim jedinicama za najviše 60 minuta. Nove 

pouzdane i brze tehnike te pripadajući instrumenti olakšavaju dijagnostički i terapijski pristup pedijatrijskoj 

intenzivnoj medicini. Pretrage uz bolesnika (engl. point-of-care testing, POCT) predstavlja tehnološku inova-

ciju s velikim mogućnostima za poboljšanje zdravstvene skrbi, osobito u pedijatriji. Danas je u zapadnom 

svijetu postala već dio standarda u intenzivnoj medicini. Iskustvo i objektivni dokazi pokazuju da se testi-

ranje uz bolesničku postelju može obaviti s visokom pouzdanošću. Tehnologija POCT tako omogućava brzu 

izradu kritičnih analita i krvnih plinova u odjelnom okruženju gdje nije dostupna niti jedna druga laborato-

rijska obrada.

Premda su pedijatrijska laboratorijska ispitivanja izložena mnogim teškoćama, kao i pedijatrija uopće, ona 

ipak ostvaruju i otvaraju mogućnosti za poboljšanje skrbi za vitalno ugrožene bolesnike te klinička i labora-

torijska temeljna istraživanja.

Ključne riječi:  pedijatrijska intenzivna skrb, hitni pedijatrijski laboratorij, laboratorijsko praćenje, izbor 
pretraga, testiranje uz bolesničku postelju, vrijeme izrade analize, protok laboratorijskih 
uzorka
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Pharmacogenetics and adverse drug 
reactions – polymorphism of metabolic 
enzymes

Nada Božina, Silvija Čuković-Čavka1, Svjetlana Šupe2, Sandra Nađ-Škegro3, Iveta Šimić4, 
Ksenija Makar-Aušperger5, Ivana Kovačević2

ABSTRACT - Adverse drug reactions (ADRs) are a signifi cant problem resulting in substantial morbidity, 

mortality, and healthcare expenses. 90% of ADR are due to a medication that was properly administered. In 

addition, according to published data, ADRs are also responsible for up to 7% of hospitalizations – a number 

that increases to > 30% in the elderly population. Variability in drug response can be explained, in part, by 

genetic diff erences among patients. Th ere are interindividual diff erences in the capacity to metabolize and 

detoxify drugs and other xenobiotics. Th e individual susceptibility for toxicity is to some extent dependent 

on the genetic polymorphism of phase I and II metabolic enzymes. Clinically, the most important polymor-

phisms in phase I are of the CYP2C9, CYP2C19, CYP2D6 and CYP3A4/5 genes, and in phase II those are 

TPMT, UGT1A1, NAT2, SULTs. Th e most striking infl uence seen at present is the eff ects of the defective and 

rapid CYP2C19 alleles on the outcome of clopidogrel treatment, as well as severe adverse reaction in CYP2D6 

ultrarapid metabolizers observed aft er codeine therapy. Another important eff ect has been observed in cases 

of nonresponsiveness to antidepressant therapy and suicides reported in subjects who were rapid metaboliz-

ers and side eff ects in poor metabolizers for CYP2D6. Patients carrying defective CYP2C9 alleles are under 

increased risk of overdosing with drug substrates that can lead to phenytoin intoxication, or bleeding in case 
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of coumarin anticoagulants or nonsteroidal antiinfl ammatory drugs. Guidelines are available for TPMT 

geno typing in case of thiopurine drugs, as well as recommendations for UGT1A1 analysis for optimization 

of irinotecan therapy.

Key words:  genetic polymorphism, drug metabolism, adverse drug reactions, CYP2C9, CYP2C19, 
CYP2D6, CYP3A4/5, TPMT, UGT1A1, NAT2

pharmacodynamic; pharmacokinetic DDIs occur 
when a drug (the precipitant drug) causes a change 
in the absorption, distribution, metabolism, and/
or elimination (ADME) of another drug (the ob-
ject drug). Th ese interactions can lead to either loss 
of effi  cacy or toxicity of the object drug. Pharma-
codynamic DDIs result when 2 drugs are coadmin-
istered and the concentration-response curve of 
one or both drugs is altered without a change in the 
object drug’s pharmacokinetics.

Th ere are major interindividual diff erences in the 
capacity to metabolize and detoxify drugs and oth-
er xenobiotics. Th ese are of genetic, epigenetic, en-
vironmental, and pathophysiological origin. Be-
cause of metabolic activation of the parent drug, a 
large part of ADRs are the cause of reactive prod-
ucts or immune-mediated toxicity involving the 
innate immune system (11). Th e ADRs mainly af-
fect cardiac function or cause liver toxicity and, in 
fact, the major part of drugs are withdrawn from 
the market because ADRs cause cardiotoxicity or 
hepatotoxicity (13). Besides drugs, other xenobiot-
ics are subject to metabolic activation reactions; of 
particular importance are tobacco and tobacco 
smoke constituents. Individual susceptibility for 
toxicity aft er metabolism is, to some extent, de-
pendent on the genetic polymorphism of phase I 
and II enzymes (14). Such diff erences mainly trans-
late into diff erences in susceptibility for drug toxic-
ity. Increased knowledge of the mechanisms be-
hind ADRs that occur due to pharmacogenetic 
variants in drug metabolism, is essential for effi  -
cient and safe drug treatment and for successful 
drug development. Some important fi ndings in 
this fi eld will be emphasized and a view on future 
challenges will be summarized.

GENETIC POLYMORPHISM 
OF METABOLIC ENZYMES

Many drugs and other chemicals in our environ-
ment and endogenous compounds are lipophilic 
and have to be metabolized to become water solu-
ble before excretion, mainly by the kidneys. Th is 

ADVERSE DRUG REACTION

Adverse drug reactions (ADRs) are a signifi cant 
problem, resulting in substantial morbidity, mor-
tality, and healthcare expenses (1). 90% of ADRs 
were due to a medication that was properly admin-
istered (2). ADRs are one of the major causes of 
death, ranging from the fi ft h to seventh leading 
cause according to studies in the United States and 
Sweden (3,4). In addition, ADRs are also responsi-
ble for up to 7% of hospitalizations (5,6), a number 
that increases to > 30% in the elderly population 
(> 70 years of age) (7). Th e costs of ADRs are ap-
proximately the same as the cost of the drug treat-
ment itself (6) and, unfortunately, the number of 
ADRs has lately increased immensely in compari-
son to the increase in drug prescription (8). Varia-
bility in drug response can be explained in part by 
genetic diff erences among patients (9). A clear role 
in drug toxicity and effi  cacy has been established 
for some gene-drug combinations, yet implemen-
tation of pharmacogenomic tests in clinical prac-
tice lags behind this knowledge (10). Th e eviden-
ce–adoption gap for many pharmacogenomic tests 
can be addressed in the short term through the de-
velopment of consensus-based practice guidelines 
and education of clinicians.

Classical pharmacological classifi cation of ADRs 
distinguished two types of severe ADRs (1). Type 
A reactions are dose-dependent and predictable on 
the basis of the known drug’s pharmacological ac-
tions. Type A reactions are relatively common. In 
contrast, type B reactions are idiosyncratic, unpre-
dictable from the pharmacological action of the 
drug, and are not necessarily dose-dependent (11). 
Th e type B reactions make up approximately 10–
15% of all ADRs and include severe cutaneous dis-
orders, such as Stevens-Johnson syndrome (SJS) 
and toxic epidermal necrolysis (TEN), as well as 
drug-induced liver injury (DILI) caused by various 
drugs.

Drug-drug interactions (DDIs) are of particular 
importance with respect to adverse eff ects and po-
tentially preventable source of ADRs (12). DDIs 
can be broadly categorized as pharmacokinetic or 
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biotransformation occurs through phase I and II 
enzymes, i.e., enzymes catalyzing oxidation and 
conjugation reactions, respectively. Due to its piv-
otal role in drug metabolism, the liver is a common 
target for drug toxicity. Moreover, any drug has the 
potential to cause liver injury. Th erefore, hepato-
toxicity is the most common ADR, causing drug 
withdrawals and post-marketing regulatory deci-
sions and is associated with signifi cant mortality.

Phase I metabolism – Cytochrome P450(CYP)

Th e knowledge that enzyme systems play the cen-
tral role in developing ADRs is crucial for drug 
therapy. About 59% of drugs cited in ADR studies 
are metabolized by polymorphic phase I enzymes, 
and among those CYPs account for 86%. In con-
trast, only 20% of drugs that are non-polymorphic 
enzyme substrates are included in ADR reports 
(15). CYPs in families 1–3 account for approxi-
mately 75% of all phase I metabolism of clinically 
used drugs (16) and are also involved in the me-
tabolism of other chemicals. Th e human genome 
contains 115 CYP genes, of which 57 are function-
al and the remaining are pseudogenes. Among 
CYP families 1–3, there are 22 diff erent P450 iso-
forms and, among these, a high degree of polymor-
phism has been identifi ed in contrast to the low 
degree of polymorphism among CYPs in families 
4–51, mainly involved in biosynthesis and metabo-
lism of endogenous compounds. In terms of drug 
metabolism, there are four specifi c phenotypes that 
can be determined by either phenotyping or geno-
typing: a poor metabolizer (PM), intermediate me-
tabolizer (IM), extensive metabolizer (EM), and 
ultrarapid metabolizer (UM). A poor metabolizer 
lacks active allele and may experience more ad-
verse events at usual doses due to reduced metabo-
lism and increased drug concentration. If individ-
uals lacking the active allele receive a prodrug, they 
may not respond due to a lower-than-expected 
concentration of the active metabolite. Individuals 
with intermediate metabolic phenotype are ho-
mozygous for two reduced activity alleles or are 
heterozygous for an inactive allele. Th ey may expe-
rience some, or a lesser degree of, consequences of 
a poor metabolizer. Extensive metabolizer has two 
fully active alleles and shows expected response to 
a standard dose. Ultraextensive metabolizers are 
individuals with more than two copies of active 
gene. Th ey may not reach therapeutic concentra-
tions at usual, recommended drug doses due to in-
creased metabolism. When a prodrug is adminis-
tered, they may experience adverse eff ects due to 
higher-than-expected concentrations of active me-

tabolite. Clinically, the most important polymor-
phisms are of the CYP2C9, CYP2C19, CYP2D6 and 
CYP3A4/5 genes (17).

CYP2C9. CYP2C9 metabolizes about 15% of drugs 
in current use, some of which are of substantial 
clinical importance such as angiotensin-2 an-
tagonists, nonsteroidal antiinfl ammatory drugs 
(NSAIDs), oral antidiabetics, antiepileptics, oral 
anticoagulants, psychotropic drugs, and alkylating 
anticancer prodrugs (18). Th ere is large interindi-
vidual variation in CYP2C9 activity resulting in 
variations in drug response and adverse eff ects 
(19). In Caucasian population, poor metabolizers 
make 3% to 5%. Th e most frequent variants are the 
CYP2C9*2 and CYP2C9*3 alleles. Of special inter-
est are drug substrates with a narrow therapeutic 
index such as S-warfarin, tolbutamide and pheny-
toin, where impaired CYP2C9 metabolic activity 
might cause diffi  culties in dose adjustment as well 
as toxicity (20,21,22). Patients with the CYP2C9*2 
and CYP2C9*3 alleles have lower mean daily war-
farin doses and a greater risk of bleeding (23,24). 
In a large prospective study, including approxi-
mately 1500 patients, it was concluded that geno-
typing of CYP2C9 and VKORC1 (vitamin K epox-
ide reductase) predicted warfarin dose and patients 
predisposed to unstable anticoagulation during 
initiation of therapy (25). CYP2C9 polymorphisms 
can also be associated with an increased rate of 
NSAID-induced adverse events. Increased risk of 
gastrointestinal bleedings in CYP2C*2 and *3 car-
riers was observed (26, 27,28). In case of pheny-
toin according to Dutch Pharmacogenetics Work-
ing Group Guideline (29), intermediate and poor 
metabolizers need to reduce maintenance dose by 
25 and 50%, respectively, to avoid ADRs (e.g., atax-
ia, nystagmus, dysarthria, sedation). Interesting 
cases with phenytoin intoxication in a carrier of in-
active alleles were published. In the fi rst case, a 
woman treated with phenytoin aft er 10 days of 
treatment developed manifest neurological signs 
of phenytoin intoxication, and serum concentra-
tion determinations showed an elimination half-
life that was almost fi ve times longer than normal 
(103h). Phenytoin metabolism is mainly catalyzed 
by CYP2C9 and, to a lesser extent, by CYP2C19. 
Genotyping analysis revealed that the patient was 
homozygous for CYP2C9*3 and heterozygous for 
CYP2C19*2, indicating mainly CYP2C9*3 as re-
sponsible for the drug overdose (30). In another 
case, a female African-American with phenytoin 
toxicity exhibited extremely poor clearance of 
phenytoin with an elimination half-life of 13 days, 
i.e., approximately 14 times longer than normal 
(31). Genetic analysis revealed that she was ho-
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mozygous for the fi rst null allele identifi ed for 
CYP2C9, the *6 variant. In African-Americans, the 
frequency of this allele is 0.6%, whereas Caucasians 
seem to lack this variant. Phenytoin is a known in-
ducer of drugs metabolized by diff erent CYP en-
zymes, but its own metabolism may be altered by 
drugs infl uencing CYP2C9 or CYP2C19 (32). Ge-
netic polymorphism can modulate the extent of 
these drug-drug interactions.

CYP2C19. Two to fi ve percent of Caucasians and 
about 20% of Asians are poor metabolizers (PMs) 
for CYP2C19 (33). Th e most prevalent mutant al-
lele in Caucasians is 2C19*2, while in Asians it is 
2C19*3 which codes for inactive versions of the en-
zyme, while CYP2C19*17 codes for increased en-
zyme activity (34). Th e CYP2C19 genotype can af-
fect the success of drug therapy by tricyclic antide-
pressants amitriptyline and clomipramine, selective 
serotonin reuptake inhibitors sertraline and citalo-
pram, the monoamine oxidase inhibitor moclo-
bemide, barbiturates, the anxiolytic diazepam and 
the antimalarial drug proguanil (35). In PMs, pro-
ton pump inhibitor (PPI) omeprazole has a con-
siderably prolonged half-life (36). Th e rate of nelfi -
navir (for HIV treatment) biotransformation to 
M8 was reduced by 50 % in patients with the 
CYP2C19*1/*2 or *2/*2 genotype compared to 
those with the *1/*1 genotype, with consequences 
of modifi ed short-term effi  cacy and toxicity and 
fi nal virological response (37). Some reports docu-
mented that the CYP2C19*2 loss-of-function poly-
morphism was associated with an increased treat-
ment-related mortality (TRM) in patients un-
dergoing allogenic transplantation (38). Patients 
genotyped as PMs had a signifi cantly higher rate of 
hepato- and nephrotoxicities than intermediate or 
extensive metabolizers. CYP2C19 is one of the 
principal enzymes involved in the bioactivation of 
the antiplatelet prodrug clopidogrel. A common 
loss-of-function allele, CYP2C19*2, is associated 
with increased risk for serious adverse cardiovas-
cular events due to impaired clopidogrel effi  cacy in 
both heterozygous and homozygous patients (~25–
50% of the population) with acute coronary syn-
dromes (ACSs) who receive clopidogrel, parti-
cularly among those undergoing percutaneous 
coronary intervention (PCI) (39, 40). Enhanced 
response to clopidogrel and increased risk of bleed-
ing was observed in CYP2C19*17 carriers (41), but 
also improved protective eff ect of clopidogrel was 
registered aft er myocardial infarction in patients 
carrying CYP2C19*17 (42).

Most recently published data provide evidence that 
PPIs inhibit clopidogrel metabolic activation and 

suggest that CYP2C19 inhibition is the main cause 
of drug-drug interaction between clopidogrel and 
omeprazole (43). Since PPIs and clopidogrel are 
substrates of CYP2C19, the infl uence of CYP2C19 
polymorphism on this drug interaction could be 
worthy of study.

CYP2D6. Despite its low hepatic content (about 
2%), CYP2D6 metabolizes 25% of the drugs (44). 
Th e most important substrates are antidepressants, 
neuroleptics, antiarrhytmics, analgesics, antieme-
tics, and anticancer drugs (45,46). Th e enzyme also 
appears to be one of the most important polymor-
phic drug metabolizing enzymes in causing ad-
verse drug reactions (47). 85 diff erent CYP2D6 al-
lelic variants have been described (see www.cypal-
leles.ki.se). CYP2D6 is the only non-inducible drug 
metabolizing CYP and, therefore, genetic variation 
contributes largely to interindividual variation in 
enzyme activity. Diff erent functional CYP2D6 gene 
variants have been described which can be clas-
sifi ed in categories according to whether they 
 abolish, decrease, leave normal, increase, or qua-
litatively alter catalytic activity. Th ere are four poly-
morphism-related phenotypes; poor (PM), inter-
mediate (IM), extensive (EM), or ultrarapid me-
tabolizers (UM). Th e UM phenotype makes 1% to 
10% of the European population and the PM phe-
notype 3% to 10%. Genotyping for 12 SNPs repre-
senting 20 diff erent haplotypes would predict the 
real phenotype with about 90% to 95% accuracy 
(48). Phenotyping with a probe drug like dex-
tromethorphan might provide even more accurate 
estimate. Th e consequences at normal drug doses 
can be either adverse drug reactions (49,50,51) or 
no drug response (52). Th e CYP2D6 genotype has 
been shown to successfully predict the clearance of 
antidepressants desipramine, fl uvoxamine, mexile-
tine, mianserin, nortryptiline, and paroxetine, as 
well as the clearance of neuroleptics perphenazine 
and zuclopenthixol, and the competitive muscarin-
ic receptor antagonist tolterodine (53,54). High 
frequency of occurrence of CYP2D6 gene duplica-
tion/multiduplication indicating ultrarapid metab-
olism was recorded among suicide cases (55). 
Metoclopramide-induced acute dystonic reaction 
in two CYP2D6 PMs were reported (56). A lack of 
CYP2D6 enzyme results in reduced eff ectiveness 
of drug therapy in instances where prodrugs re-
quiring activation by CYP2D6 are used. Th is has 
been observed for the analgesic eff ect of tramadol 
and codeine. When a prodrug like codeine is ad-
ministered to UMs, they may suff er adverse eff ects 
due to higher-than-expected concentrations of ac-
tive metabolite morphine (57, 58). Fatal morphine 
toxicity in a breastfed neonate of a CYP2D6 UM 
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mother who was prescribed codeine resulted in 
that FDA requires that manufacturers include in-
formation to prescribing doctors about codeine 
and the risk of morphine overdose in breastfed in-
fants (59). CYP2D6 UMs developed postoperative 
respiratory depression while receiving the trama-
dol (60). As a drug class, opioids are associated 
with a narrow therapeutic index, wide interindi-
vidual variability in response (eg., doses used in an 
opioid-tolerant patient can be fatal to an opioid-
naïve patient), and potentially life-threatening tox-
icity. As the prevalence of opioid use has increased, 
serious adverse reactions and deaths associated 
with opioids have also increased (61). Although 
there have been substantial eff orts to improve the 
safety of opioids in clinical practice, much of this 
eff ort has been directed to prevention of misuse 
and diversion, and management of chronic adverse 
eff ects (62). In contrast, the importance of phar-
macokinetic DDIs related to opioids has received 
little attention (63) although opioids are oft en used 
with potentially interacting drugs (64,65). Conse-
quences of pharmacokinetic DDIs associated with 
opioids can include excess opioid eff ects (including 
fatal toxicity), loss of analgesic effi  cacy, predisposi-
tion to other adverse eff ects, relapse to illicit or in-
appropriate drug use, and misinterpretation of 
opioid screening results.

Tamoxifen is metabolized into its active metabolite 
endoxifen by reactions that are catalyzed by 
CYP2D6. Low therapeutic eff ect has been observed 
in PMs for CYP2D6 (66), and predictive pheno/
genotyping is advised before entering the treat-
ment, especially for patients who need prescription 
of interactin drugs, like some antidepressants (67).

CYP3A4/5. CYP3A family is involved in the me-
tabolism of 45 to 60% of all known drugs. Th is en-
zyme family has enormous variability in its expres-
sion, both in the population and interindividual 
level (68,69,70). Th e most relevant isoforms in the 
adult liver are CYP3A4 and CYP3A5. Both en-
zymes share substrates and possibly metabolize the 
same reactions. It has been estimated that 60 to 
90% of the interindividual variability of the 
CYP3A4 activity in the liver has a genetic basis 
(71). However, the allelic frequency studies of this 
gene and the studies conducted regarding its func-
tionality do not show equivalent variability. Th us, 
the existence of other genetic variability mecha-
nisms such as epigenetic phenomena and other 
still undescribed haplotype variability is postulat-
ed. CYP3A5 gene expression is the main factor af-
fecting CYP3A overall metabolism. CYP3A5 is 
expressed in only approximately 10% of Cauca-

sians as a result of frequent mutation of adenosine 
to guanosine at position 6986 within intron 3 of 
the CYP3A5 gene (rs776746). Th is SNP results in a 
splicing defect, leading to a truncated protein with 
no enzyme activity (72). Th erefore, only individu-
als with at least one CYP3A5*1 allele actually ex-
press the CYP3A5 protein at a signifi cant level, 
with large diff erences in prevalence across ethnici-
ties (5–30% CYP3A5 expressers in Caucasians, 
50–80% in African Americans and the Chinese) 
(73). Polymorphisms in CYP3A family seems to be 
relevant for immunosuppressive drugs which have 
a narrow therapeutic range and show large interin-
dividual response variability. Some polymorphisms 
in genes involved in their disposition pathways 
(metabolic enzymes and transporters) have been 
shown to aff ect their dose-concentration relation-
ships. More importantly, a few single nucleotide 
polymorphisms seem to have a signifi cant impact 
on the incidence of adverse eff ects of immunosup-
pressants (nephrotoxicity, acute rejection ) (74-77). 
Environmental factors oft en interact with such 
genotype-phenotype relationships. A very large 
number of studies have investigated the associa-
tion of the CYP3A5*3 polymorphism and cy-
closporine or tacrolimus pharmacokinetics in re-
nal transplantation. Conclusions are that 
CYP3A5/*3 polymorphism aff ects cyclosporine, 
tacrolimus and sirolimus pharmacokinetics and 
may help detect patients at risk of underexposure, 
particularly those on therapy with tacrolimus 
(78).

Phase II metabolism

Phase II biotransformation processes also show 
high interindividual variability. Polymorphisms of 
the thiopurine methyltransferase (TPMT), UDP-
glucuronosyltransferase (UGT1A1) N-Acetyltrans-
ferase 2 (NAT2) and glutathion S-transferase (GST) 
have been demonstrated to be of great importance 
for clinical practice.

TPMT. Azathioprine (Aza), mercaptopurine (MP), 
and thioguanine (TG) are all prodrugs that are in-
activated by TPMT. All three agents give rise to the 
same active thioguanine nucleotide (TGN) metab-
olites. Although all three medications share many 
of the same pharmacologic eff ects, MP and Aza are 
used for nonmalignant immunologic disorders in 
infl ammatory bowel disease, rheumatoid arthritis, 
and other immune conditions, MP for lymphoid 
malignancies, and TG for myeloid leukemias. Be-
cause Aza is a prodrug for MP, the two drugs can 
be considered to have identical interactions with 
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TPMT; that is, TPMT catabolizes MP to inactive 
methylMP, leaving less parent drug available for 
eventual anabolism to active TGNs. Th e secondary 
metabolite of MP, TIMP, is also a substrate for 
TPMT, and methylTIMP (and further phospho-
rylated metabolites, methylMP). Several consensus 
guidelines for treatment of nonmalignant diseases 
explicitly recommend preemptive TPMT testing 
coupled with customized starting doses of thiopu-
rines (79).

TPMT activity exhibits monogenic co-dominant 
inheritance (80). It methylates MP and thiogua-
nine, causing an inverse relationship between 
TPMT activity and concentrations of TGN metab-
olites. With conventional thiopurine doses, ho-
mozygous TPMT-defi cient patients (~1 in 300 in-
dividuals with two nonfunctional TPMT alleles) 
experience severe myelosuppression, 30–60% of 
individuals who are heterozygotes (~3–14% of the 
population) show moderate toxicity, and ho-
mozygous wildtype individuals (~86–97% of the 
population) show lower active thioguanine nucle-
otides and less myelosuppression (81,82). Dosing 
recommendations are provided (updates at http://
www.pharmgkb.org) for azathioprine, MP, and 
thioguanine based on TPMT genotypes. In non-
malignant conditions, full starting doses are rec-
ommended for homozygous wild-type carriers, 
reduced doses (30–70% of target dose) in those 
who are heterozygous for TPMT, and substantially 
reduced doses (or use of an alternative agent) in 
rare homozygous defi cient patients. In the treat-
ment of malignancies, starting doses should be 
markedly reduced (at least 10-fold reduction) in 
homozygous defi cient patients for TPMT. Th is ap-
proach has decreased the risk of acute toxicity 
without compromising relapse rates in acute lym-
phoblastic leukemia (83). Even at these markedly 
reduced dosages, erythrocyte TGN concentrations 
in homozygous defi cient patients remain well 
above those tolerated and achieved by the majority 
of patients (who are wild-type for TPMT). Some 
adverse reactions to thiopurines, such as pancrea-
titis and hepatotoxicity, are not related to low 
TPMT activity. Other genes, such as inosine-tri-
phosphate-pyrophosphatase (ITPA), have been 
linked to variations in thiopurine pharmacokinet-
ics and dynamics but their eff ect is weaker than 
that of TPMT, and these other genes are not cur-
rently used clinically (84).

UGT1A1. Genetically, in Caucasian populations, 
Gilbert’s syndrome results from a polymorphism 
in the promoter region of the UGT 1A1 (gene that 
codes for the main conjugating enzyme of bi-

lirubin). Th e polymorphism consists of a TA inser-
tion, and genotypes are described as 6/6, 6/7 and 
7/7, indicating the number of TA repeats in the two 
alleles for wild-type, heterozygous, and ho-
mozygous Gilbert’s syndrome individuals (UGT 
1A1*28), respectively. Despite a high prevalence of 
Gilbert’s syndrome (reaching 5-10% in Caucasian 
populations), this syndrome is usually not detected 
because it does not aff ect normal life (85). Still, this 
polymorphism is of special importance for drugs 
with narrow therapeutic range (86). With respect 
to infl uence on toxicity, the UGT1A1*28 polymor-
phism is of great importance for the treatment of 
colon cancer with irinotecan where the active me-
tabolite SN58 is metabolized by the UGT1A1 en-
zyme (87). Subjects carrying the common UG-
T1A1*28 allele, having an extra TA repeat in the 
promoter region causing reduced enzyme expres-
sion, are at higher risk for suff ering ADRs (gas-
trointestinal and bone marrow toxicity) (88). Th e 
FDA recommends dose adjustments in relation to 
the UGT1A1 polymorphism.

NAT2. N-Acetyltransferase 2 (NAT2) catalyzes the 
activation and/or deactivation of a variety of aro-
matic amine drugs and carcinogens. NAT2 capac-
ity varies in humans and is oft en subdivided into 
rapid, intermediate, and slow acetylator pheno-
types (89). NAT2 phenotype variation is thought to 
be due to single nucleotide polymorphisms (SNPs) 
in NAT2 gene. Fast acetylation is coded by wild-
type NAT2*4 allele, while impaired acetylation is 
caused by several mutated alleles (e.g., NAT2*5, 
NAT2*6, NAT2*7) (90,91). Th e NAT2 acetylation 
polymorphism modifi es toxicity of a number of 
aromatic, hydrazine and other drugs including iso-
niazid, sulfonamides, sulfamethazine, sulfadiazine, 
sulfapyridine, procainamides, aminogluthetimide, 
caff eine, clonazepam, dapsone, hydralazine (92).

For genes relevant to drug metabolism, the best rep-
licated association was found between isoniazid 
(INH) drug-induced liver injury (DILI) and NAT2 
slow acetylation (93,94). In the liver, INH is fi rst 
 metabolized into acetylisoniazid via N-acetyltrans-
ferase, followed by hydrolysis to acetylhydrazine. 
Acetylhydrazine is then oxidized into hepatotoxic 
intermediaries by also polymorphic enzyme 
CYP2E1. It has been suggested that the NAT2 geno-
type slow acetylators have a higher incidence of 
drug-induced liver injury than rapid and intermedi-
ate acetylators. Meta-analysis of NAT2 and CYP2E1 
genotypes showed genetic association with anti-tu-
berculosis drug-induced liver injury (95).

GST. Phase II enzyme pathway of importance in the 
detoxifi cation of reactive metabolites is that of glu-
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tathione. Genetically determined defi ciencies in 
glutathione S-transferase (GST) have been associat-
ed with increased hepatotoxicity of certain drugs, 
including acetaminophen, metronidazole, and ni-
trofurantoin (96). A number of genetic polymor-
phisms of GST genes have been reported (see http://
www.pharmgkb.org), many of which have impor-
tant clinical and toxicological implications (97). For 
example, carriers of the GSTM1 null mutation lack 
expression of functional GSTM1 protein. Due to the 
critical detoxifying role for a variety of potentially 
toxic compounds and drugs, defi ciency in GST en-
zyme activity due to genetic polymorphisms could 
attenuate the ability of the body to eliminate chemo-
therapeutic agents such as cyclophosphamide (98, 
99), ifosfamide (100) and busulphan (101) and their 
toxic metabolites which are substrates for GSTs. As 
such, patients carrying these genetic mutations may 
predispose to the toxicity of chemotherapy and may 
simultaneously undergo enhanced clinical response 
to chemotherapy.

GUIDELINES AND 
RECOMMENDATIONS

Th e slow rate at which pharmacogenetic tests are 
adopted in clinical practice is partly due to the lack 
of specifi c guidelines on how to adjust medications 
on the basis of genetic test results. To overcome 
this problem, the National Institutes of Health’s 
Pharmacogenomics Research Network (http://
www.pgrn.org) and the Pharmacogenomics 
Knowledge Base (PharmGKB, http://www.pharm-
gkb.org) established Clinical Pharmacogenetics 
Implementation Consortium (CPIC). Main goal of 
the CPIC is to provide peer-reviewed, updated, 
evidence-based, freely accessible guidelines for 
gene/drug pairs. Th ese guidelines will facilitate the 
translation of pharmacogenomic knowledge from 
bench to bedside.

CONCLUSIONS

Th ere is a growing number of reports where a poly-
morphism infl uences drug treatment outcome 
mainly in relation to the highly polymorphic en-
zymes of phase I and phase II of drug metabolism. 
For clinical practice, the most relevant seems to be 
CYP2C9, CYP2C19, CYP2D6, CYP3A4/5, TPMT, 
NAT2, UGT1A1 and UGTs. Th e most striking in-
fl uence observed at present is the eff ects of the de-
fective and rapid CYP2C19 alleles on the outcome 
of clopidogrel treatment; the world’s second most 

sold drug today, as well as the severe adverse reac-
tion in CYP2D6 UMs seen aft er codeine therapy. 
Another important indirect eff ect is observed in 
the cases of nonresponsiveness to antidepressant 
therapy and suicides reported in subjects being 
UMs for CYP2D6. Further important drug toxici-
ties infl uenced by CYP polymorphism include 
bleeding, as a result of overdosing with coumarin 
anticoagulants, of patients carrying defective 
CYP2C9 alleles. Guidelines are already available 
also for TPMT genotyping in case of thiopurine 
drugs, as well as recommendations for UGT1A1 
analysis for optimization of irinotecan therapy. Th e 
rapid development of techniques in molecular bi-
ology for analyses of copy number variations and 
SNPs results in an increasing rate of observations 
where genetic variants are found to be associated 
with specifi c drug toxicity. Th is research fi eld will 
provide the clinicians with useful pharmacoge-
nomic biomarkers that can aid specifi c drug treat-
ment in order to optimize results and improve hu-
man health. Th e process is slow and, for a relevant 
basis for decisions on mandatory biomarkers to be 
used, further prospective large clinical studies are 
required. Th e established Clinical Pharmacogenet-
ics Implementation Consortium will facilitate the 
translation of pharmacogenomic knowledge into 
clinical practice.
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Farmakogenetika i nuspojave lijekova – polimorfi zam 
metaboličkih enzima

SAŽETAK - Nuspojave lijekova (NL) predstavljaju važan problem jer rezultiraju značajnim pobolom, 

smrtnošću, te zdravstvenim troškovima. 90% NL nastaje pri primjeni preporučenih doza lijeka. Prema ob-

javljenim podacima, NL su također odgovorne za 7% hospitalizacija, a broj se penje i do >30% u starijoj 

populaciji. Varijabilnosti u učinku lijeka mogu se djelomično objasniti genetičkim razlikama. Postoje inte-

rindividualne razlike u metaboličkom kapacitetu i detoksikaciji lijekova i drugih ksenobiotika. Osjetljivost 

na toksične učinke jednim dijelom ovisi o genetičkom polimorfi znu metaboličkih enzima faze I. i faze II. Za 

kliničku praksu najvažniji polimorfi zmi u fazi I. su CYP2C9, CYP2C19, CYP2D6 i CYP3A4/5, a u II. TPMT, 

UGT1A1, NAT2, SULTs. Najjasniji utjecaj imaju inaktivirajući i aleli s pojačanim učinkom CYP2C19 na 

ishod liječenja klopidogrelom, kao i ozbiljne nuspojave na primjenu kodeina u vrlo brzih metabolizatora za 

CYP2D6. Drugi je značajan utjecaj zapažen u slučaju neučinkovitosti antidepresiva, suicidalnost u osoba 

vrlo brzih metabolizatora, te nuspojave lijekova u sporih metabolizatora za CYP2D6. Bolesnici nosioci neak-

tivnih alela CYP2C9 imaju povećan rizik predoziranja lijekovima-supstratima, što može dovesti do intok-

sikacije fenitoinom, ili krvarenja u slučaju kumarinskih antikoagulanata ili nesteroidnih protuupalnih lijeko-

va. Postoje smjernice za genotipizaciju TPMT u slučaju primjene tiopurinskih lijekova, kao i preporuke za 

analizu UGT1A1 za optimizaciju terapije irinotekanom.

Ključne riječi:  genetički polimorfi zam, metabolizam lijeka, štetni učinci lijeka, CYP2C9, CYP2C19, 
CYP2D6, CYP3A4/5, TPMT, UGT1A1, NAT2 
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Point-of-care testing: 
advantages of informatization

Ivana Baršić

ABSTRACT - Technological development has led to great advances in laboratory medicine. It has enabled 

the development of point-of-care testing (POCT). Th e requirement for short turnaround time (TAT) has led 

to an increase in the demand for POCT. Point-of-care testing (POCT) or near-patient testing is performed 

near the patient, with test results leading to a possible change in the care of a patient. Sites at which point of 

care testing is performed are intensive care unit, emergency department, operating room, ambulance, pa-

tient’s home, physician’s offi  ce, etc. Th ese tests are performed outside the central hospital laboratory. POCT 

is usually performed by non-laboratory staff  and it is important to organize good training and education for 

the involved personnel. Education should be an ongoing process and must include theoretical and practical 

information. Comparing the cost of POCT with the cost of performing the same tests in central laboratory, 

we can generally say that they are more expensive than the same tests in central laboratory. However, there is 

little evidence to suggest that reduced turnaround time reduces the length of hospital stay at emergency de-

partment or intensive care unit. Since point-of-care testing is performed outside the central laboratory, it is 

very important to ensure supervision on each stage of performing point-of-care testing (quality control, 

consumption of reagents, critical results, duplicate samples). Results are printed on thermal paper that fades 

with time and it oft en happens that results are lost and not stored with the patient medical record. Integration 

of POCT in the hospital and laboratory information system will allow the storage of patient results with 

electronic medical patient records and easier access to results when they are needed again.

Key words:  point-of-care testing, quality control, electronic medical records, hospital information system, 
laboratory information system

INTRODUCTION

Technological development has led to great ad-

vances in laboratory medicine. It has enabled the 
Department of Laboratory Diagnostics, University Hos-
pital Center Zagreb, Zagreb, Croatia
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development of point-of-care testing (POCT). To-
day there are many terms for point-of-care testing: 
at, or near, patient’s bedside testing (1,2), decen-
tralized testing, extra-laboratory testing, ancillary 
site testing, laboratory testing performed outside 
the central laboratory, etc. Th e need for short turn-
around time (TAT) has led to an increase in the 
demand for POCT. Th ere are many sites at which 
point-of-care testing is performed. Th e most com-
mon sites are intensive care units, emergency de-
partment, operating rooms, transplantation and 
neonatology units, patient´s home, etc.

POCT has been an integral part of medicine for 
many years in the form of urine dipsticks and glu-
cose testing. Over time, the number and type of 
analyses that are performed near patient´s bedside 
has increased. Today it is possible to perform al-
most all routine laboratory tests on point-of-care 
devices (2). Th e benefi t and necessity of point-of-
care testing are still a matter of debate because 
POCT is more expensive than the same tests per-
formed in central laboratory. Decreased iatrogenic 
blood loss, reduction in the number of analytical 
errors, decrease in TAT (2, 3, 4), rapid response to 
critical results, and decreased therapeutic turna-
round time are some of the main reasons why we 
should consider implementing POCT in hospital.

POINT-OF-CARE ANALYZERS 
AND POCT LABORATORY GROUP

Analyzers for point-of-care testing can be divided 
into three categories: in vitro, in vivo, and ex vivo 
(2). Most POCT analyzers are intended for in vitro 
sampling. Th ey are small, with disposable cartridg-
es, used as easy-to-operate handheld devices.

Since the personnel who perform point-of-care 
testing are non-laboratory staff , it is important to 
have a dedicated POCT group (laboratory special-
ists) that will organize and perform appropriate 
education and training. Th e major tasks of a POCT 
group are estimation of clinical usefulness and 
benefi ts of point-of-care testing, implementation 
of quality control and education of non-laboratory 
staff , provision of expert help, selection of POCT 
analyzers, technical support, evaluation of POCT 
analyzers. Laboratory must be able to provide sup-
port for point-of-care testing at any time needed.

Education of personnel must include information 
on the quality of pre-analytical, analytical and post-
analytical process (5). Personnel must be aware the 
fact that POCT is not replacement for conventional 

laboratory services, but rather a supplement (1). 
Education includes information about preparation 
of a patient, on sample type and stability, stability of 
reagents, calibration, quality control, interferences. 
Th ey must be able to recognize instrument malfunc-
tion and apply simple troubleshooting techniques. It 
is important to ensure the recording of results in 
patient´s medical records (4).

POINT-OF-CARE TESTING 
AT UNIVERSITY HOSPITAL 
CENTER ZAGREB

In 2000, Department of Laboratory Diagnostics, 
University Hospital Center Zagreb, started with 
implementing point-of-care testing at sites where it 
was important to decrease TAT. POCT group con-
sists of laboratory specialists who are responsible 
for selection of POCT analyzers, education of per-
sonnel, and quality control.

Today University Hospital Center Zagreb has 14 
blood gas analyzers (GEM Premier 3000, Rapidlab 
1265), 6 hematology analyzers (Sysmex pocH-
100i), 7 coagulation monitoring system analyzers 
(CoaguChek XS, thromboelastometry ROTEM, 
aggregometry Multiplate® ) and 105 glucometers 
(Accu Chek Inform II). In 2011, one million and 
four hundred laboratory results were obtained by 
point-of-care testing.

We devote great attention to education of the staff  
that performs point-of-care testing and to quality 
control. Th e POCT group is available daily to pro-
vide expert help and advice. Today, modern labo-
ratory is unimaginable without laboratory infor-
mation system (LIS). Point-of-care testing is part 
of our laboratory diagnostics and we have constant 
supervision on POCT analyzers. Glucometers and 
blood gas analyzers are networked with central 
laboratory, which gives us opportunity to monitor 
the performance of analyzers, and to see all results 
(patient and control samples) obtained from these 
analyzers. Our next step is to make POCT analyz-
ers part of the hospital information system (BIS).

INFORMATIZATION 
OF POINT-OF-CARE TESTING

What is the benefi t of informatization of point-of-
care testing? Why is it important and why should 
we do it? Nurses and other non-laboratory staff  
perform point-of-care testing. Results are printed 
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on thermal paper that fades with time and it oft en 
happens that results are lost and not stored with 
patient medical record. Administrative tasks, like 
manual documentation of results, are time-con-
suming at the expense on patient care. Point-of-
care testing is generally more expensive if com-
pared with the cost of the same tests performed in 
central laboratory. POCT must be used only when 
shorter turnaround time can help to respond more 
quickly and provide therapy for a patient (4, 6) or it 
can help clinician to make a quick decision regard-
ing the treatment of a patient. Our experience has 
shown that the POCT performing personnel has 
tendency to repeat the same test in central labora-
tory, which increases overall costs.

Integration of POCT in hospital and laboratory in-
formation system will allow the storage of patient 
results with electronic medical patient records and 
easier access to the results when they are needed 
again (2,7-10).

CONCLUSION

Point-of-care testing plays an important role in pa-
tient care. Th ere are several important advantages 
of point-of-care testing: decreased turnaround 
time, decreased iatrogenic blood loss, small sample 
volume, patient satisfaction. It should be empha-
sized that pre-analytical errors are the most com-
mon ones and ignorance of them can be the cause 
of wrong medical decisions in patient treatment. 
Th e most common pre-analytical and post-analyti-
cal errors in point-of-care testing are unmarked 
samples, inadequate blood to anticoagulant ratio, 
the fact that results are not stored in the patient´s 
medical record. On one hand, non-laboratory staff  
should be aware of POCT limitations and rational-
ize the use of POC tests while, on the other, close 
communication between a laboratory and clini-
cians is important to ensure the best possible pa-
tient care. With the integration of POCT into hos-
pital and laboratory information system, we will 
have better control over the use of these tests. Such 
integration allows a more thorough analysis of re-
sults, storage of patient results with electronic pa-
tient’s medical records and easier access to results 
when they are needed again, and fi nally prepara-
tion of daily, monthly and annual reports on results 
obtained from point-of-care testing.
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Pretrage uz bolesnika – prednosti informatizacije

SAŽETAK - Razvoj tehnologije doveo je do izuzetnog napretka u laboratorijskoj medicini. Tehnologija je 

također omogućila razvoj pretraga uz bolesnika (POCT). Zahtjevi za što kraćim vremenom izdavanja rezul-

tata razlog su za sve većom primjenom takvih pretraga. Pretrage uz bolesnika su pretrage koje se provode u 

neposrednoj blizini pacijenta i utječu na njegov daljnji tijek liječenja. Provode se u jedinicama intenzivne 

njege, hitnoj službi, operacijskim salama, ambulantama, bolesnikovom domu, kao i u liječničkoj ordinaciji. 

Te se pretrage provode izvan centralnog laboratorija. S obzirom da ih provodi nelaboratorijsko osoblje, izu-

zetno je važno organizirati dobru edukaciju. Edukacija treba biti kontinuirana i mora uključivati, osim teo-

retskih, i praktične informacije. Kada uspoređujemo cijenu pretraga uz bolesnika s cijenom istih testova koji 

se provode u centralnom laboratoriju, općenito možemo reći da je cijena POCT viša. Međutim, danas postoji 

malo studija koje povezuju skraćenje ukupnog vremena od uzimanja uzorka do dobivanja rezultata (TAT) s 

kraćim boravkom u jedinicama intenzivne njege, hitnoj službi ili kraćim bolničkim liječenjem. S obzirom da 

se POCT provodi izvan centralnog laboratorija, potrebno je imati nadzor nad korištenjem takvih pretraga 

(kontrola kvalitete rada, potrošnja reagensa, ponavljanje uzoraka). Rezultati se ispisuju na termo-papir koji 

s vremenom blijedi i nerijetko se događa da se nalaz izgubi ili ne pohrani u medicinski karton pacijenta. 

Povezivanje pretraga uz bolesnika s bolničkim i laboratorijskim informacijskim sustavom omogućit će pra-

vilnu pohranu rezultata s elektroničkim medicinskim kartonom pacijenta i lakši ponovni pristup nalazu 

kada je potreban.

Ključne riječ:  pretrage uz bolesnika, kontrola kvalitete, elektronički medicinski karton, 
bolnički informacijski sustav, laboratorijski informacijski sustav
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New trends in laboratory diagnostics: 
biomarkers of atherosclerosis; preventive 
and personalized medicine

Jadranka Sertić1,2, Tamara Božina2, Boško Skorić3, Jasna Lovrić2, 
Jasna Slaviček4, Livija Šimičević1, Bojan Jelaković5, Nada Božina1, 
Davor Miličić3, Željko Reiner5

ABSTRACT - Atherosclerosis and cardiocerebrovascular diseases are the leading causes of morbidity and 

mortality in developed countries where a high number of such patients are daily admitted in intensive care 

and emergency medicine departments. Most diseases have a genetic component; each individual possesses a 

genome that involves a certain risk of disease. Early determination of biochemical biomarkers of risk (DNA, 

RNA, proteins) should enable early diagnosis, intervention and therapy. Rapid developments in biomedical 

research can therefore enable a revolution in evolution of health care. Still, it seems that the knowledge of a 

gene’s sequence by itself is partially informative on a specifi c disease risk or can only partially explain he-

terogenic responses to treatment. It is therefore also relevant to know which proteins, carbohydrates, lipids, 

and other key molecules are present in specifi c cells responsible for biological processes. Th erefore, an im-

portant objective in predictive and personalized medicine is identifi cation of characteristics that a cell actu-

ally exhibits and that are related to quantifi able early biomarkers as a new trend in laboratory diagnostics. 

Th us, genomic, proteomic, transcriptomic and lipidomic profi ling provides a picture of the cell and identifi es 

genes, their variants and proteins associated with lipid homeostasis, infl ammatory processes and hemostatic 

status, as well as pathways and biological processes involved in the predisposition to, and pathophysiology of 

1 Department of Laboratory Diagnostics, Zagreb University Hospital Center, Zagreb, Croatia
2 Department of Medical Chemistry, Biochemistry and Clinical Chemistry, Zagreb University School of Medicine, Za-
greb, Croatia
3 Department of Cardiovascular Diseases, Zagreb University Hospital Center, Zagreb, Croatia
4 Department of Pediatrics, Zagreb University Hospital Center, Zagreb, Croatia
5 Department of Internal Medicine, Zagreb University Hospital Center, Zagreb, Croatia



138

Su
p

p
l.

 2
, 2

0
1

2

J. Sertić et al. Biomarkers of atherosclerosis Neurol Croat Vol. 61, Suppl. 2, 2012

clinical entities like atherosclerosis and cardiocerebrovascular diseases, obesity and metabolic syndrome, 

and cancer.

Key words:  atherosclerosis, DNA biomarkers, RNA biomarkers, protein biomarkers, predictive and 
personalized medicine

these autoantigens could promote atherogenesis at 
the early stage of atherosclerosis. Similarly, patho-
genic role of autoantibodies against these autoanti-
gens has been delineated in clinical studies and 
experimental models. Th us, some new risk factors 
have been reported recently that could contribute 
to atherosclerosis. Th ese factors include the mark-
ers of infl ammation and growth factors (hsCRP, 
TNF-alpha, IL-4, IL-6, IL-12, MCP-1), adhesion 
molecules like VCAM-1, ICAM-1, VEGF, immu-
nologic factors (anti-oxLDL), markers of oxidative 
stress (vitamins E, A, C, superoxide dismutase - 
SOD), biologic regulators of adipose tissue (leptin, 
adiponectin) and hypertension (ACE), coagulation 
factors (thromboxane, fi brinogen, hemostatic sta-
tus, FII, FV, GLPIa), and lipid markers (Lp-PLA2), 
etc. Th e concept of athero-infl ammation emerges 
as the meeting point of various disorders, com-
monly termed risk factors, which involve dyslipi-
demias, obesity, hypertension, oxidative stress, dia-
betes, autoimmunity, infections, hyperhomo-
cysteinemia and, of particular importance for 
young men, smoking. Generally, there is a current 
agreement that atherosclerosis is an infl ammatory 
disease; plaque production entails complex inter-
action between immune system components and 
expression of various gene patterns, rather than 
simply lipid accumulation. Th ere is evidence that 
nuclear PPAR (peroxisome proliferator activating 
receptor alpha and gamma) and transcription fac-
tor 7-like 2 (TCF7L2) are regulators in lipid me-
tabolism, glucose homeostasis and infl ammatory 
processes like atherosclerosis. Variability of some 
genes, like apoE, apoB, apoH, LPL, PON, TCF7L2, 
IL-6, IL-12, IL-18, AdipoQ, ESR1, MTHFR and 
ACE may in interaction with PPAR alpha aff ect the 
phenotypic expression of diff erent risk factors for 
atherosclerosis, obesity and metabolic syndrome. 
Inhibition of atherosclerosis and improved cardio-
vascular function depend on variable eff ects of the 
stated genes that are the subject of many studies 
and which regulate oxidative stress, lipid metabo-
lism, insulin resistance, endothelial function, and 
hemostatic status (1-9).

Th e completion of human genome project and the 
development of new technologies for DNA testing 
started the revolution of the diagnostic laboratory.

GENOMICS AND PROTEOMICS 
OF ATHEROSCLEROSIS

Atherosclerosis is the primary cause of the occur-
rence of cardiovascular and cerebrovascular dis-
eases. Despite improved pharmacological and die-
tary approaches, atherosclerosis is still a leading 
cause of morbidity and mortality in developed 
countries. Cardiovascular complications also oc-
cur with high incidence in a series of autoimmune 
disorders. Several studies have also demonstrated 
close correlation between coronary artery disease 
(CAD) and insulin resistance syndrome (IRS); the 
latter is characterized by accumulation of metabo-
lic and clinical disorders that comprise glucose in-
tolerance, hypertriglyceridemia, hypercholestero-
lemia, insulinemia, obesity and hypertension. IRS 
has been proposed to be the principal metabolic 
basis of both diabetes and CAD. Atherosclerosis is 
therefore a multifactorial disease with the onset in 
childhood and clinical manifestation later during 
life. Although previously considered a lipid storage 
disease, vascular wall infl ammation is, according 
to current agreement, the major factor of athero-
sclerosis development, atheroma instability, and 
plaque rupture followed by local thrombosis that 
underlies clinical presentation of acute coronary 
syndromes. Chronic endothelial dysfunction plays 
a signifi cant role in atherogenesis and could be the 
earliest demonstrable abnormality. Risk factors, ei-
ther acute (infections, immune local reactions) or 
permanent (hypertension, oxidative stress, diabe-
tes, dyslipidemia, obesity, hyperhomocysteinemia, 
smoking, etc.) cause endothelial dysfunction, cell 
injury, and proinfl ammatory environment that re-
sults in local immune reactions, as well as tissue 
factor-mediated activation of coagulation cascade. 
In atheromic environment, procoagulatory and 
anticoagulatory forces determine plaque genera-
tion together with pro/antifi brinolytic substances. 
More specifi cally, it has become evident that the 
immune system plays the major role in atheroscle-
rosis development and progression. Th ere are de-
fi ned “autoantigens”, like oxidized LDL and beta2-
glycoprotein-I (apoH), and it has been demon-
strated that T-cell mediated immune response 
(both within atheroma and systematic response) to 
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Every day, researchers discover the functions of 
new genes and increase the knowledge that can be 
translated into clinical practice. Th is growth in 
knowledge fuels, in turn, the expansion of DNA 
testing both for diagnosis and prediction of disease 
susceptibility. Moreover in the post genomic era, 
the screening of many diff erent genetic polymor-
phisms and copy number variations in large popu-
lations represents a major goal that will facilitate 
the understanding of individual genetic variability 
in the development of multi-factorial diseases and 
drug response and toxicities.

For the future of genomics and proteomics de-
mands the rapid evolution of miniaturization and 
of high-throughput typing technologies (biochip, 
microarray, sequencing) toward increased speed 
and reduced cost.

Th e use of personal genetic information to predict 
disease susceptibility and guide proactive care has 
the power to transform our entire healthcare sys-
tem (10,11).

DNA BIOMARKERS

Apolipoprotein E

Apolipoprotein E (ApoE) is a constituent of chy-
lomicrons, VLDL, IDL and HDL. It is a polypep-
tide that is primarily synthetized in liver and in 
brain but also in other tissues. Its physiological role 
is to mediate in binding lipoproteins to the LDL-
receptor, chylomicron receptor and some receptors 
on platelet surface, and thus participates in choles-
terol and triglyceride homeostasis. ApoE aff ects 
intracellular transport of lipoproteins together 
with heparan sulfate proteoglycans, and it may also 
stimulate lymphocyte T proliferation. ApoE gene is 
located on chromosome 19, and it consists of four 
exons and three introns of 3597 nucleotides. Gene 
variations of apo E locus (E2, E3, E4) diff er in gene 
triplets and accordingly in amino acid sequence of 
argynine and cysteine at loci 112 and 158. Apo E3 
has cysteine at locus 112 and arginine at locus 158, 
apo E2 has cysteine, and apo E4 arginine at both 
loci, which results in six common phenotypes and 
genotypes, three homozygous and three hetero-
zygous ones: E2/2, E3/3, E4/4, E2/3, E2/4, E3/4. 
Th e most frequent genotype is apo E 3/3, it occurs 
in approximately 80% of healthy population as 
“normal” genotype. Apo E2/2 homozygous geno-
type has been associated with hyperlipidemia type 
III which is a cause of coronary disease at an early 
age in 5% of cases, while heterozygous variants of 
apo E2/3 and apo E2/4 have been related to familial 

hypercholesterolemia. Identifi cation of apo E2 al-
lele as a risk factor for cardiovascular diseases has 
predictive signifi cance and aids in disease preven-
tion. Homozygous genotype apo E4/4 and hetero-
zygous form apo E3/4 have been associated with 
increased cholesterol that may also contribute to 
coronary disease progression. Increased incidence 
of genotype apo E3/4 and apo E4/4 has been deter-
mined in middle-aged men, and in angiographi-
cally confi rmed atherosclerosis. Th e eff ect of E4 
allele is to substantially increase cholesterol con-
centration by contributing to relative predisposi-
tion for atherosclerosis; also, the incidence of this 
allele is increased in individuals with cardiovascu-
lar disease. Obese individuals with E4 allele may 
have an increased risk for clinically signifi cant 
hypertriglyceridemia, thus enhancing the athero-
genic potential of this allele. Recent studies have 
also revealed correlation between apo E genotype 
and drug effi  cacy, indicating its therapeutic signi-
fi cance. Th e stated genetic testing is applied only 
for determination of genetic risk markers for car-
diovascular diseases and is not recommended 
to asymptomatic patients younger than 18 years 
(12-14).

Apolipoprotein B

Apolipoprotein B (Apo B) is the main constituent 
of chylomicron, VLDL, LDL and Lp(a). Th ere are 
two main forms of this apoprotein: apo B-100 
which is synthesized in the liver and is the key 
component of Lp(a), VLDL, ILD and LDL, and apo 
B-48 which is synthesized in the intestine and is 
the constituent of chylomicrons. Th e major role of 
apo B-100 is to bind to LDL-receptors and thus 
make the catabolism of LDL-cholesterol possible. 
Gene mutations for LDL-receptors and apo B3500 
have been detected in familial hypercholesterole-
mia. Genotyping is used to determine two point 
mutations in 3 500 triplets, mutations C®T at 9774 
and G®A at 9775 locus of the gene for apo B100. 
Th is procedure yields information on healthy al-
lele, heterozygote or homozygote. Th e consequence 
of apo B-100 mutations are hypercholesterolemia 
and elevated risk for cardiovascular diseases (4).

Paraoxonase

Paraoxonase (PON1) is in serum bound to HDL-
particle via its hydrophobic N-terminal domain as 
a protective factor of oxidative modifi cation of 
LDL, and it has a role in prevention of atheroscle-
rotic process. Two most common mutations are 
L55M and Q192R (leucin, L-alleles ® methionine, 
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M-alleles and glutamine, Q-alleles ® arginine, R-
alleles) (4).

Lipoprotein lipase

Lipoprotein lipase (LPL: triacylglycerolprotein 
acylhydrolase) is the key enzyme of lipid metabo-
lism responsible for lipid transport and lipoprotein 
metabolism, for formation of free fatty acids from 
chylomicrons or very low density lipoproteins. 
Many clinical entities like atherosclerosis, cardio-
vascular diseases and pancreatitis are directly or 
indirectly related to lipoprotein lipase dysfunction. 
Clinical heterogeneity of defi ciency has been asso-
ciated with a large number of mutations on LPL 
gene, and it determines the structure and function 
of the enzyme. LPL gene is found on chromosome 
8p22 which takes up 30 kb of genome with 10 ex-
ons and 9 introns. Th e catabolism of chylomicrons 
and VLDL depends on activity of LPL and apopro-
tein C as activator. Inherited defi ciency of LPL and 
apo CII is autosomal recessive disease that may 
lead to chylomicronemia. Primary LPL defi ciency 
in homozygotes results in pronounced hypertri-
glyceridemia, whereas heterozygotes may be asymp-
tomatic. Genetic predetermination is increased by 
secondary factors like diabetes and alcohol addic-
tion. Numerous studies are still focused on correla-
tion of genetic structure, function, molecular etiol-
ogy and therapeutic aspect. Apo E and LPL expres-
sion detected in atherosclerotic lesions has been 
associated with cardiovascular diseases. Clinical 
disorders where LPL defi ciency has been found are 
familial chylomicronemia and combined hyperli-
pidemia. A number of polymorphisms have been 
detected, among them also a polymorphic site 
CAG¯CTG in intron 6 that recognizes restriction 
enzyme PvuII. It is the so-called PvuII polymor-
phism that has been detected in some patients with 
elevated triglycerides (4,15).

Methylenetetrahydrofolate reductase

Th e enzyme methylenetetrahydrofolate reductase 
(MTHFR) catalyzes demethylation of N1o methyl-
enetetrahydrofolate in N5 methyltetrahydrofolate 
which is the principle form of folates in circulation. 
Th e product of this reaction, N5 methyltetrahydro-
folate, is the major donor of the methyl group in 
remethylation of homocysteine in methionine so 
that MTHFR is one of regulatory enzymes in the 
metabolism of tetrahydrofolate and synthesis of 
nucleic acids. Disturbance in the activity of the en-
zyme MTHFR leads to hyperhomocysteinemia 
and the low level methionine. Blocking the remethy-

lation of homocysteine in methionine leads to 
growth disorder, diff erentiation and functioning of 
cells due to inability to perform synthesis of nu-
cleic acids, lipids and proteins. Hyperhomo-
cysteinemia is a risk factor for myocardial infarc-
tion, stroke, disease of peripheral blood vessels, 
neurologic and psychiatric disorders and compli-
cations in pregnancy.

Homocystein is one of metabolic products of the 
amino acid methionine. It occurs by methionine 
demethylation which reaches the body through 
food. Methionine is the only source of homo-
cysteine. In circulation, it is mainly bound to plas-
ma proteins, mostly to albumin (70-90%) and to a 
lesser extent in the form of disulfi de (30%) and 
only 1-2% is found in reduced form. If there is a 
need for methionine, homocysteine enters the 
remethylation cycle and converts into methionine 
by means of the enzyme methionine synthase, with 
vitamin B

12
 as a co-factor and N5-methyltetrahy-

drofolate as substrate that is formed in reaction 
catalyzed by MTHFR. Except for those bound to 
plasma proteins, all forms of homocysteine are in 
physiological conditions fi ltrated in the kidney, re-
absorbed and oxidatively catabolized so that sub-
stantial quantities of homocysteine are not excreted 
in urine. Th e cause of increased plasma homo-
cysteine concentration may be a change in the ac-
tivity of enzymes that participate in its metabolism, 
the defi cit of folic acid and vitamin B

12
 (hormonal 

contraception, anticonvulsants, diuretics, metho-
trexate) and toxins (cigarette smoke).

 Point mutations of C677T gene for MTHFR causes 
a decline in MTHFR enzyme activity and dimin-
ished remethylation of homocysteine, which is the 
cause of accumulation of serum homocysteine, 
that is, hyperhomocysteinemia. Recent studies 
demonstrated that point mutation C677T in the 
MTHFR disorder can be considered a genetic 
marker, i.e. a risk factor for the development of 
atherosclerosis (4,16).

Coagulation factor V

Mutation FV Leiden (R506Q) is genetic risk factor 
for venous thrombosis because the mutation caus-
es slow inactivation of the activated factor V and its 
prolonged retention in circulation, thus provoking 
hypercoagulable condition. Th e risk of venous 
thrombosis is increased 4-8 fold in heterozygotes 
and has exponential growth in the presence of oth-
er risk factors: age, oral contraceptive therapy, pre-
gnancy, increased homocysteine levels, or muta-
tion FII G20210A (4).
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Coagulation factor II

Prothrombin-coagulation factor II depends on vi-
tamin K which is necessary for converting fi brino-
gen into fi brin. It is synthesized in the liver and its 
half-life is 2-10 days. It is needed for blood coagu-
lation, i.e. for conversion of fi brinogen into fi brin. 
Decreased activity causes prolongation of pro-
thrombin time but also of activated partial throm-
boplastin time. Point mutation G20210A of the 
factor II gene is found in the noncoding region of 
this gene, and the polymorphism aff ects its activity 
and serum concentration. Mutations cause in-
creased risk of deep vein thromboses, and relative 
risk is severalfold higher in patients who also have 
a point mutation of the factor V Leiden (4).

Glycoprotein receptor

Glycoprotein Ia (GPIa), a platelet collagen receptor 
(integrin a

2
b

1
), plays a role in platelet adhesion 

and contributes to pathogenesis of thrombolytic 
diseases, including myocardial infarction. Studies 
showed that the function of the receptor is linked 
to two polymorphisms (807C/T and 873G/A) in 
GPIa receptor gene. Accordingly, 807C/T (873G/
A) polymorphism could be a genetic marker in 
regulation of platelet function and a candidate gene 
of the risk for coronary atherosclerosis (4).

Angiotensin-converting enzyme

Molecular genetics of hypertension develops in 
several directions and has led to detection of genes 
associated with ATP-ase and of the mechanism of 
disturbed membrane transport of cations, then 
renin-angiotensin system, catecholamines as vaso-
constrictors and vasodilators, kalikrein and atrial 
natriuretic factors. Environmental factors that are 
known in the etiology of hypertension act in com-
bination with numerous genetic markers. In renin-
angiotensin system, renin is a proteolytic enzyme 
synthetized in juxtaglomerular renal cells and ex-
creted in circulation. Angiotensinogen that is syn-
thetized in liver due to renin action is converted in 
inactive prohormone angiotensin I. Angiotensin-
converting enzyme (ACE) is dipeptide carboxy 
peptidase that has a double function: hydrolytical-
ly, it separates dipeptide hystidil leucin from de-
capeptide of angiotensin I, forming octapeptide 
angiotensin II that has an immediate vasoconstric-
tive eff ect and also acts on aldosteron secretion. It 
is followed by hydrolytic action on bradykinin in 
the manner that it sequentially fi rst separates the 
terminal dipeptide phenylalanine argynine and 

then seril proline and thus inactivates vasodilatory 
action of bradykinin. ACE is mainly found on vas-
cular endothelium, epithelium, mononuclears and 
macrophages. Angiotensin II has a role in smooth 
muscle cell proliferation as the growth of arterial 
lesion is suppressed by inhibition of angiotensin II 
formation. ACE gene is situated on chromosome 
17q23, it comprises 26 exons and takes 21 kb of ge-
nome. In intron 16 of ACE gene, Alu sequences 
have been detected that denote insertion-deletion 
(I/D) polymorphism of 287 bp (base pairs) that 
makes the basis for distinction among three ACE 
genotypes: II, ID, DD.

ACE deletion allele is associated with ACE activity 
in plasma, lymphocytes and cardiac tissue. Th e 
prevalence of ACE DD genotype has been observed 
in patients with the history of myocardial infarc-
tion, left  ventricle hypertrophy, in patients at the 
terminal stage of ischemic cardiomyopathy with 
angiographically verifi ed coronary disease, resten-
osis following angioplastics, in patients with diabe-
tes, thickening of carotid arteries, arterial hyper-
tension and renal disease. In patients with hyper-
trophic cardiomyopathy and those with dilatory 
cardiomyopathy, it has been confi rmed that pa-
tients with ACE DD genotype have larger left  ven-
tricle mass than individuals with other ACE geno-
types. Th us, ACE genotype may exert an infl uence 
only in certain conditions, indicating interaction 
among ACE, genetic factors and altered hemody-
namics in modulation of left  ventricle mass. Nev-
ertheless, there is still no defi nite evidence of ACE 
eff ect on development of cardiac hypertrophy, and 
the mechanism that would reveal this association 
remains unexplained. Hence the detected correla-
tion among ACE DD genotype, thickening of ca-
rotid arteries and increased risk of stroke still re-
quires further investigation to allow speculation on 
possible association with increased cardiovascular 
risk. Considering multifactorial nature of coronary 
artery disease, one genetic variant of neurohormo-
nal system is not suffi  cient to be held a predomi-
nant pattern. A genetic variant like ACE D allele 
must be observed in a context together with a non-
specifi c number of other genes that share a po-
tential impact on the phenotype. Further, these dif-
ferent etiologic components may come in mutual 
interaction, resulting in neutralization or amplifi -
cation of specifi c gene eff ects in some individuals 
(17-19).

Peroxisome proliferator-activated receptors

Peroxisome proliferator-activated receptors (PPAR) 
are ligand-activating transcription factors belong-
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ing to the family of nuclear receptors. Th ey were 
initially recognized as activators of liver peroxiso-
mal proliferation stimulated by xenobiotics, yet 
their eff ects on metabolic disorders are clinically of 
great signifi cance.

PPARg receptors are most present in adipocytes 
where they play a signifi cant role in adipocyte dif-
ferentiation. PPARg mutation leads to cases of pro-
nounced obesity by accelerating adipocyte diff er-
entiation. PPARg activation causes enhanced ex-
pression of genes for proteins that bind lipids in 
acipocytes and in myocytes, which results in in-
creased intake of fatty acids by lipid cells and con-
sequently in better insulin sensitivity in myocytes. 
Besides reducing vascular smooth muscle cell pro-
liferation, synthesis of various infl ammatory cy-
tokines and expression of adhesion molecules, 
PPARg aff ect cholesterol metabolism in macro-
phages. Ligand binding and PPARg stimulation 
lead to increased CD 36 expression on macrophage 
wall, and thus allow increased intake oxygenated 
LDL-cholesterol. In this manner the process of 
atherosclerosis is actually promoted as it represents 
the fi rst step in occurrence of foam cells. By pro-
moting cholesterol effl  ux and reducing infl amma-
tion, PPARg exerts an eff ect on regression of 
atherosclerosis. Gene activation occurs as the con-
sequence of PPARg stimulation.

Numerous cytokines, adiponectin, leptin and an-
giotensin are synthesized in adipocytes that stimu-
late liver gluconeogenesis and synthesis of triglyc-
erides and increase insulin resistance. By stimulat-
ing the synthesis of adhesion molecules, they 
promote the process of atherosclerosis and platelet 
aggregation, and also act on fi brotic processes and 
remodeling via TGF-b (transforming growth fac-
tor b). Th ese processes lead to dyslipidemia, insu-
lin resistance, atherosclerosis, renal impairment 
and eventually to increased cardiovascular risk.

PPAR receptors are present in metabolically active 
tissues with high b-oxidation activity where catab-
olism of fatty acids is a signifi cant source of energy, 
as in liver, skeletal muscles, kidney. Th ey activate 
the genes involved in fatty acid metabolism and 
absorption from gastrointestinal tract. Th e most 
important genes aff ected are genes for apolipopro-
teins A I, A II and C III; transformation of fatty 
acids in triglycerides occurs and their incorpora-
tion in VLDL and LPL activation, as well as hydro-
lysis of triglycerides in fatty acids and glycerol. In 
addition to the fact that it can lead to apoptosis and 
interstitial fi brosis, fatty acid oxidation is reduced, 
and the necessary source of energy is thus denied 
to the myocardium.

Pharmacologic ligands of PPAR a are fi brates that 
reduce apolipoprotein C III activity and thus pro-
mote lipoproteinase-mediated catabolism of VLDL 
cholesterol. In addition, they stimulate the activity 
of apolipoprotein A I and A II and thus cause HDL-
cholesterol increase (4,20).

ESR1, ApoE, LPL and IL-6 genes: 
relation with obesity and lipid status

Human obesity is a multifactorial syndrome also 
aff ected by genetic factors. Among gene variants 
that have been found to be involved in body weight 
regulation and development of obesity, particular 
attention has been devoted to polymorphisms in 
genes associated with obesity-related metabolic 
disorders. Association has been investigated of ge-
netic polymorphisms of: estrogen receptor alpha 
(ESR1-TA repeats); interleukin-6 (IL-6 G-174C); 
apolipoprotein E (ApoE2, ApoE3, ApoE4); lipo-
protein lipase Pvu II (LPL P+/-), with clinical vari-
ables: gender, age, body mass index (BMI), diet 
type, and biological variables: triglycerides, choles-
terol, HDL-C, LDL-C, CRP, homocysteine, urate, 
and glucose in healthy young subjects (20-35 yrs) 
of Croatian origin. Genotyping of IL-6, LPL was 
performed by PCR-RFLP, of ApoE by real-time 
PCR, and of ESR1 by PCR and capillary electro-
phoresis. Association analyses were performed of 
alleles and genotypes with biological variables. 
BMI was increased (>25) in 22% of young healthy 
subjects. Increased cholesterol values (>5.0 mmol/
L) were found in 23% of subjects, LDL-C (>3.0 
mmol/L) in 23%, triglycerides (>1.7 mmol/L) in 
11% of subjects. We found statistically signifi cant 
diff erences in subjects’ weight, BMI , and waist-hip 
ratio (WHR) in regard to their diet type; subjects 
with Mediterranean diet had the lowest values 
compared to those on continental and mixed diet. 
Signifi cant associations were found for: LPL genet-
ic polymorphic variant and abdominal obesity, 
ApoE4 allele and hypercholesterolemia, and ESR1-
TA long allele and hypercholesterolemia. ESR-1, 
LPL, and ApoE genetic polymorphic variants 
could represent predictive genetic risk markers 
for obesity-related metabolic disorders in young 
healthy subjects. Mediterranean type of diet is also 
an important protective factor against abdominal 
obesity (21).

ADIPOQ: a potential biomarker of metabolic 
syndrome and obesity

Obesity has been observed as an important risk 
factor for development of metabolic syndrome 
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(MetS). Adiponectin is linked to central obesity, 
and ADIPOQ variants are promising markers for 
understanding the genetic base of obesity-related 
disorders. Analyses of adiponectin concentrations 
and ADIPOQ variants were performed and their 
associations with obesity and MetS were tested in 
young subjects. Anthropometric and biochemical 
parameters of MetS were obtained for healthy sub-
jects. ADIPOQ -11391G>A and -11377C>G were 
genotyped by real-time PCR and adiponectin con-
centration was determined by enzyme immu-
noassay.

Body mass index (BMI) and waist circumference 
(WC), triglycerides and glucose showed inverse 
correlation, whereas HDL-C showed positive cor-
relation with adiponectin levels. For abdominal 
obesity, association was found with -11377C>G 
and with -11391G>A polymorphisms. ADIPOQ -
11377GG and -11391GA increased the risk for the 
development of abdominal obesity. C>G mutation 
at position -11377 signifi cantly increased the risk 
of MetS development. Compared with the -11391G 
homozygotes, carriers of the A allele have a signifi -
cantly increased risk for the development of MetS. 
Th e test of overall association showed a statistically 
signifi cant correlation of MetS with -11377C>G 
and -11391G>A haplotypes.

Adiponectin gene polymorphisms (ADIPOQ -
11391G>A and -11377C>G) and adiponectin con-
centration may be DNA and protein biomarkers for 
estimation of MetS risk in young population (22).

RNA BIOMARKERS

Hypercholesterolemia: gene expression

It is possible to identify genes, signaling pathways 
and biological processes using gene expression 

analysis by microchip in patients with hypercho-
lesterolemia. RNA samples from patients with high 
cholesterol levels were compared to blood RNA 
samples from patients with normal cholesterol lev-
els using AB1700 Human Genome Survey Array 
vs. 2.0. Microarray quality control was done using 
Bioconductor with ABs R-Script. Using this meth-
od, a tendency was determined of reduced gene 
expression that is related to:

a)  cholesterol biosynthesis pathway; isopentenyl 
diphosphate delta isomerase 1 (IDI-1); trans-
prenyltransferase (TPRT),

b) P53 pathway

c) dopamine receptor pathway.

Also, a tendency of enhanced gene expression lev-
els was registered that are associated with T cell 
activation pathway. Signifi cant signals have been 
detected for more than 17 000 diff erent probes 
(Fig. 1).

Analysis of biological processes has led to deter-
mination of the tendency of reduced transcrip-
tional and proliferative activity of patient blood 
cells; T-cell mediated immunity is increased in pa-
tients, which is valuable also in the follow-up of 
therapy (4).

PROTEIN BIOMARKERS

Lp-PLA
2
 in predicting atherosclerosis

Th orough control of risk factors is pivotal for car-
diocerebrovascular diseases. As classical risk as-
sessment accounts for only about 50% of risk vari-
ability and due to the role of infl ammatory proc-
esses in endothelial dysfunction and rupturing of 
atherosclerotic plaque, it is necessary to identify 

Fig. 1. Result of gene expression (A) diff erent gene expression in patients with increased cholesterol levels; genes 
with upregulated expression (B) and downregulated expression (C).

A B C
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new biomarkers for risk prediction. In addition to 
the infl ammatory marker hs-CRP (high sensibility 
C-reactive protein), lipoprotein associated phos-
pholipase A

2
 (Lp-PLA

2
) is gaining increasing sig-

nifi cance since it is directly involved in pathogen-
esis of atherosclerotic plaque progression. Lp-PLA

2
 

is highly specifi c for vascular infl ammation, it has 
low biological variability and causative role in 
atherosclerotic plaque infl ammation. It belongs 
into the group of intracellular and secretory phos-
pholipase enzymes that can hydrolyze sn-2 phos-
pholipid ester bond of cellular membranes and li-
poproteins. Lp-PLA

2
 enzyme is formed by macro-

phages and foam cells in atherosclerotic plaque 
and is associated primarily with LDL particles in 
blood. Lp-PLA

2
 that is bound to LDL is the sole 

enzyme responsible for hydrolysis of oxidized 
phospholipids (oxPL) on LDL particles. Lp-PLA

2
 

hydrolyzes oxPL at the surff ace of lipoproteins but 
has weak activity against non-oxPL. Lp-PLA

2
 is 

also the enzyme that hydrolyzes oxPL on HDL par-
ticles where it may have a role in the antioxidative 
function of HDL. Th e distribution of Lp-PLA

2
 be-

tween LDL and HDL particles depends on the ex-
tent of Lp-PLA

2
 glycosylation, which may aff ect 

the activity of Lp-PLA
2
 in plasma. Stable athero-

sclerotic plaques contain few infl ammatory cells 
and a small amount of Lp-PLA

2
. In contrast, unsta-

ble plaques most oft en do not have signifi cant im-
pact on arterial lumen but may be detected by its 
thin connective tissue cap, low collagen and high 
lipids content. A distinguishing factor between sta-
ble and unstable atherosclerotic plaque may also be 
the presence of activated infl ammatory cells and 
increased Lp-PLA

2
 concentration in unstable 

plaque. Th ese new insights indicate that Lp-PLA
2
 

may be a risk factor which is important for the for-
mation of atherosclerotic plaque but also for its 
rupture. Th e purpose of applying markers of in-
fl ammation is to improve the stratifi cation of pa-
tients at risk so that treatment intensity may be 
adjusted adequately to the level of risk. Lp-PLA

2
 

inhibition is associated with decreased cytokines. 
Lipid-aff ecting drugs stabilize atherosclerotic 
plaque by reducing the central lipid core, decreas-
ing macrophage infi ltration, and thickening of the 
connective tissue cap. Th ese drugs reduce Lp-PLA

2
 

concentration and the frequency of cardiocere-
brovascular events as well.

Besides acting as specifi c marker of atherosclerotic 
plaque infl ammation, Lp-PLA

2
 has a signifi cant 

prognostic value because of its direct role in the 
formation of rupture prone atherosclerotic plaque, 
unlike classical risk factors, for example lipid meas-
urement, or vascular imaging which do not direct-

ly estimate acute ischemic potential in the arterial 
wall. Studies have demonstrated correlation be-
tween increased Lp-PLA

2
 concentrations and en-

hanced risk for cardiocerebrovascular events, even 
aft er multivariate adjustment to classical risk fac-
tors. In addition to its high specifi city for vascular 
infl ammation, Lp-PLA

2
 concentration is stable in 

terms of time unlike, for instance, CRP levels. Lp-
PLA

2
 has been confi rmed as an independent risk 

predictor which is complementary to hsCRP. It 
could be used in clinical practice for improved risk 
assessment in patients with transient cardiocere-
brovascular risk, particularly in those with meta-
bolic syndrome (obese patients with mixed dyslipi-
demia, hyperglycemia, insulin resistance, and arte-
rial hypertension). Lp-PLA

2
 levels allow further 

risk stratifi cation of high-risk patients into a very 
high risk group where more aggressive therapy is 
recommended, as well as the achievement of LDL-
cholesterol levels < 2.5 or, even better, < 2.0 mmol/
L as a feasible therapeutic target. Similar to hsCRP, 
the levels of Lp-PLA

2
 are reduced by lipid-aff ecting 

drugs, while its low concentrations are associated 
with a very low risk for cardiocerebrovascular 
events both in low- and high-risk population. Ac-
cording to recent American guidelines for assess-
ing the risk of cardiovascular disease Lp-PLA

2
 de-

termination is recommended as an additional 
marker to the classical risk assessment in patients 
with moderate and high risk (23-31).

Leptin and small, dense LDL particles

Leptin, a peptide hormone secreted by adipose tis-
sue is primarily involved in regulation of food in-
take and energy expenditure. Plasma leptin con-
centration is proportional to body adiposity and is 
markedly increased in obese individuals. Leptin 
exerts many potentially atherogenic eff ects such as 
induction of endothelial dysfunction, stimulation 
of infl ammatory reaction, oxidative stress, prolif-
eration of vascular smooth muscle cells, etc. Small 
dense low-density lipoprotein particles (sdLDL) 
are important risk factor for development of car-
diovascular diseases. Mechanisms responsible for 
their formation are still unknown. Th e relationship 
between serum leptin concentrations and occur-
rence of sdLDL was investigated to evaluate the 
possible infl uence of this adipokine on LDL parti-
cle size distribution (32).

Cytokines and growth factors in atherosclerotic 
patients

Coronary artery disease is the leading cause of mor-
bidity and mortality in chronic renal failure (CRF) 
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patients due to accelerated atherosclerosis progres-
sion and impaired angiogenesis.

Many investigations have confi rmed a substantial 
relationship between infl ammation and cardiovas-
cular mortality or atherosclerosis. Th erefore, athe-
rosclerosis could be considered as a chronic in-
fl ammatory disease of the arterial wall.

Monocyte adhesion to arterial endothelium is the 
initial and one of the most important events in the 
development of atherosclerosis, while endothelium 
adhesion molecules including vascular cell adhe-
sion molecule-1 (VCAM-1), endothelial leukocyte 
adhesion molecule and intracellular adhesion mol-
ecule-1 (ICAM-1) also play signifi cant roles. One 
of the mechanisms by which infl ammation can ac-
celerate development of atherosclerosis in CRF pa-
tients is the stimulatory eff ect on serum adhesion 
molecules. Th is was further supported by demon-
strating the association of atherosclerosis and in-
fl ammation with serum adhesion molecules in 
peritoneal dialysis and hemodialysis (HD) patients. 
Th e exact mechanism responsible for serum levels 
of these molecules in peritoneal dialysis and HD 
patients remains to be fully elucidated. Monocyte 
chemoattractant protein-1 (MCP-1) is a chemoki-
ne that has been implicated in atherosclerosis, and 
its concentration is regulated by environmental 
and genetic factors. In vitro expression of MCP-1 is 
regulated by infl ammatory cytokines [tumor 
necrosis factor-a (TNFa), interleukin (IL)-1a and 
IL-1b] which contribute to enhanced infl ammato-
ry response. Cytokines are important biological 
factors that play a role in the regulation of the im-
munoreactivity and pathophysiology of diff erent 
infectious diseases, and diseases caused by infl am-
mation, dysregulation of cell proliferation and an-
giogenesis. Abnormal cytokine production by 
monocytes may contribute to immunodefi ciency 
observed in HD patients. In some studies, it has 
been demonstrated that the extent of infl ammation 
in dialysis patients is inversely related to the indi-
vidulal production of the regulatory cytokine in-
terleukin (IL)-10. Increased prevalence of several 
risk factors in CRF that are related to vascular pa-
thology, i.e. markers of infl ammation and growth 
factors, has also been established.

Signifi cant diff erences were found between the 
control subjects and HD patients. IL-2, IL-4 and 
epidermal growth factor (EGF) levels were higher 
in controls than in HD patients, while IL-6, IL-8, 
IL-10, TNFa, IL-1b and MCP-1 levels were higher 
in HD patients. We also found IL-2 and IL-1a lev-
els to be signifi cantly higher in males than females, 
while IL-4 and IL-1b levels were signifi cantly high-

er in females. Evidence® biochip array analyzer was 
used for quantifi cation of plasma concentrations in 
samples.

Among HD patients, IL-2 levels were higher in pa-
tients under the age of 50 years. It was also higher 
in female than in male patients and in patients on 
HD for more than 10 years. IL-6 levels were higher 
in patients over the age of 50 years. Patients with 
previous glomerulonephritis had the highest level 
of IL-6 compared to patients with previous pyelone-
phritis and diabetes mellitus. IL-6 levels were high-
er in patients with concomitant hepatitis C virus 
(HCV) infection and in patients with developed 
atherosclerosis. IL-8 levels were higher in patients 
over the age of 50 years and in the group with pre-
vious glomerulonephritis. IL-10 levels were higher 
in the group with developed atherosclerosis. EGF 
was the highest in the group of patients with previ-
ous diabetes mellitus compared to pyelonephritis 
and glomerulonephritis groups. TNFa levels were 
higher in the patient population on HD for more 
than 10 years and in the concomitant HCV group. 
IL-1b levles were higher in the HCV group.

Plasma concentrations of some cytokines and 
growth factors could serve as useful diagnostic and 
prognostic parameters for patients with CRF and 
HD (33-39).

PREVENTIVE 
AND PERSONALIZED MEDICINE 
WITH REGARD TO DIABETES: 
WHERE ARE WE NOW?

Diabetes mellitus (DM) is a progressive disease 
with high morbidity and mortality. Th ere is a cas-
cade of diff erent changes as a result of group of 
metabolic disorders, characterized by impaired 
glucose metabolism, and consequent hypergli-
cemia complications. Dysregulation of glucose/in-
sulin homeostasis leads to increase production of 
Reactive Oxygen/Nitrogen Species and consequent 
damage to chromosomal/mitochondrial DNA. 
Long term accumulation of DNA is a triggering 
factor for increased risk of cancer in diabetic pa-
tients. High risk for infectious disorders and in-
duced viral proto-oncogenic activity may further 
contribute to cancer provocation. Increased oxida-
tive stress has been implicated in molecular patho-
mechanisms in diabetic patients and can aff ect the 
signalling pathways of vasoinhibins, which are one 
of predictive factors for high risk conditions in 
DM. One of them, and most diffi  cult complications 
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are the eye changes presented in form of DR (dia-
betic retinopathy) and DM (diabetic maculopa-
thy). DR is the primary cause of irreversibile blind-
ness and visual impairment in working-age adults.

Among the other risk factors, is the chronic hyper-
glicemia which by producing reactive oxygen spe-
cies, activates multiple biochemical pathways that 
lead to retinal microvascular dysfunction. An early 
event of vascular damage is loss of pericytes and 
endothelial cells resulting in acellular and ischemic 
capillaries. Over time intraretinal hemorrhages 
and capillary occlusion create areas of ischemia, 
and the resulting hypoxia induces the production 
of proangiogenic factors, such as vascular endothe-
lial growth factor (VEGF).

Th e prevalence of proliferative diabetic retinopa-
thy (PDR) and diabetic macular edema (DME) is 
closely related to the duration of diabetes. During a 
life-time more then 50% of patients with type 2 
diabetes develop visual loss, versus 1/3 of patients 
with type 1 diabetes. Th e initial therapeutic ap-
proaches in the treatment of PDR is surgical. Laser 
photocoagulation (LFK) - retinal burns is still the 
“golden standard” in prevention and treatment of 
PDR. Grid laser photocoagulation, intravitreal 
Anti-VEGF drugs and surgical treatment of the 
vitreoretinal tarctions, is up-to date cure of DME. 
High risk patients for severe visual loss develop-
ment in type 1 DM -26% compared to 36% in type 
2 diabetic patients, have never had their eyes ex-
amined. Recent investigations show that 32% of 
patients with diabetes at high-risk for visual loss 
never undergo an eye examination. Results of the 
examination, showed the eye complications among 
the investigated group such as: DR (61%), cataract, 
glaucoma or another ocular manifestations.

In order to prevent the impaired risk factors and 
diabetic complications, health care and eye care 
delivery system on a personal-based level should 
be enhanced in every society. Focusing on the “per-
son”, not on the “patient” using the new investiga-
tion techniques on a basic level while searching the 
high risk population is the only key to success 
(40).

CONCLUSION

Predictive medicine is a new area of health care 
that involves the possibility to prevent a disease be-
fore it aff ects individuals, and thus encourages 
them to change their lifestyle. Th is area also intro-
duces a novel aspect of medical practice and ac-

companying new relations between physicians, 
laboratory experts and patients.

Possible application of predictive medicine com-
prises the following fi elds: reproductive medicine 
and pediatrics, neurodegenerative diseases, diabe-
tes, infectious diseases, epigenetics and ageing, 
obesity and metabolic syndrome, atherosclerosis 
and cardiovascular diseases, oncology, and phar-
macogenetics; it involves the prediction of risk for 
illnesses like, e.g., breast cancer and molecular dis-
eases.

Similarly to preventive and personalized medicine, 
preventive medicine does not focus on diagnosis 
or therapy of existing disease, but rather on risk de-
tection and reduction, and it is therefore consid-
ered that it will play one of the leading roles in the 
medicine of the 21st century.

Th e development of new ‘omic’ technologies in 
laboratory medicine has infl uenced the develop-
ment of prospective health care. Th us, cytomics, 
genomics, proteomics, metabolomics and bioin-
formatics impact on the prediction of disease risk, 
determination of disease load, pathogenesis defi ni-
tion, anticipation of disease-related events, and 
therapeutic evaluation (41,42).

Within the framework of personalized medicine, 
the proper application of predictive medicine, that 
includes the use of early biomarkers, results in ad-
vantages for the patient in terms of prevention and 
early disease detection and in advantages for the 
healthcare system that involve possible reduction 
in healthcare costs (31,43).

Current progress in laboratory medicine, includ-
ing molecular and genomic testing, allows meas-
urements at the level of nucleic acids, proteins and 
metabolites and thus contributes to diagnosis and 
therapeutic monitoring within the framework of 
personalized medicine.
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Novi trendovi u laboratorijskoj dijagnostici: 
biomarkeri ateroskleroze, prediktivna 
i individualizirana medicina

SAŽETAK - Ateroskleroza i kardiocerebrovaskularne bolesti vodeći su uzrok pobolijevanja i smrtnosti u 

razvijenim zemljama gdje se svakodnevno prima mnogo pacijenata s navedenim oboljenjima u odjelima 

intenzivne skrbi i hitne medicine. Većina bolesti ima genetičku komponentu; svaka osoba ima genom koji 

uključuje određeni rizik za bolest. Rano određivanje biokemijskih biomarkera rizika (DNA, RNA, proteini) 

trebalo bi omogućiti ranu dijagnozu, intervenciju i terapiju. Ubrzana događanja u biomedicinskim 

istraživanjima mogu stoga omogućiti revoluciju/evoluciju u zdravstvenoj skrbi. Čini se, međutim, da pozna-

vanje same genske sekvence pruža samo djelomične informacije o riziku za specifi čnu bolest i ne može uvijek 

u potpunosti objasniti heterogene odgovore na liječenje. Stoga je također važno znati koji su proteini, 

ugljikohidrati, lipidi i druge ključne molekule prisutne u specifi čnim stanicama odgovornima za biološke 

procese. Zbog navedenoga je u prediktivnoj i individualiziranoj medicini važan cilj identifi cirati svojstva 

koja stanica zapravo pokazuje i koja su povezana s mjerljivim ranim biomarkerima kao novi trend u labora-

torijskoj dijagnostici. Genomičkim, proteomičkim, transkriptomičkim i lipidomičkim profi liranjem dobiva 

se slika stanice te se identifi ciraju geni, njihove varijante i proteini koji su povezani s homeostazom lipida, 

upalnim procesima i hemostatskim statusom, kao i signalni putevi i biološki procesi uključeni u predispozi-

ciju te patofi ziologiju kliničkih entiteta kao što su ateroskleroza i kardiocerebrovaskularne bolesti, pretilost i 

metabolički sindrom te karcinom.

Ključne riječi:  ateroskleroza, DNA-biomarkeri, RNA-biomarkeri, proteinski biomarkeri, prediktivna 
i individualizirana medicina
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Biomarker analysis by chromatography 
techniques

Mila Lovrić

ABSTRACT - Chromatography is used in clinical laboratory for separating and quantifying a variety of 

clinically relevant analytes. Because of the complexity and high price of chromatography instruments, they 

should be applied in cases when the advantage of their use over other methods in solving a specifi c problem 

is quite evident. Simple chromatography systems, especially high performance liquid chromatography with 

diff erent standard detectors (e.g.,electrochemical, fl uorometers, spectrophotometers like UV or diode-array, 

etc.) are included in routine laboratory practice for detection and quantifi cation of a large number of para-

meters (e.g., biogenic amine, anions, porphyrine, drugs and their metabolites, amino acids, organic acids, 

etc.). During past years, liquid chromatography coupled with tandem mass spectrometry has easily come in 

routine use in clinical laboratory and today holds enormous potential for bringing about improvements in 

laboratory medicine.

Key words: clinical laboratory, chromatography, biomarker

Chromatography is used in clinical laboratory for 
separating and quantifying a variety of clinically 
relevant analytes. It is a physical process where the 
components of sample mixture are separated as a 
result of their diff erential distribution between sta-
tionary and mobile phases (1). Due to system com-
plexity and specifi c training necessary for users, 
chromatography techniques are applied in a small 
extent in clinical laboratory and only for some ana-
lytes. In contrast, chromatographic separation with 
a sensitive and specifi c detector must be included 
in laboratory practice because of a continuous ten-
dency to introduce new disease biomarkers in clin-
ical practice which are present in low concentra-

Department of Laboratory Diagnostics, Zagreb Univer-
sity Hospital Center, Zagreb, Croatia

tions in complex matrices like blood and serum. 
Chromatography analyses are time-consuming 
and, because of high initial investment, faster and 
simpler methods are used in laboratory practice 
that have poorer specifi city and sensitivity. Never-
theless, it is not possible to use techniques that do 
not include chromatographic separation for a cer-
tain number of analyses. If standard biochemical 
procedure meets professional requirements, then 
the application of a complex method is not war-
ranted as it carries no benefi t (2).
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Fig. 1. Chromatogram of a control sample (a), normal urine (b), and urine from an individual with porphyria 
cutane tarda (c).
(URO-uroporphyrin HEP-heptacarboxyporphyrin HEX- hexacarboxyporphyrin PEN-pentacarboxyporphyrin 
COP I- coproporphyrin I and COP III-coproporphyrin III).

A)

B)

C)
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Simple chromatographic systems, especially liquid 
chromatography with diff erent standard detectors 
(electrochemical, fl uorometers, spectrophorome-
ters like UV or diode-array, etc.), are included in 
routine laboratory practice for detection and quan-
titation of a large number of parameters (e.g. bio-
genic amine, anions, porphyrine, therapeutic drug 
monitoring, amino acid, etc.). In this short review, 
we will discuss a group of analyses where chroma-
tography use is rather frequent or recommended in 
routine clinical laboratory.

BIOGENIC AMINES

Numerous methods have been proposed for deter-
mination of catecholamines, serotonin and their 
metabolites in biological fl uids. In clinical practice, 
laboratory determinations are performed primari-
ly for diagnosis and follow-up of patients with cate-
cholamine- or setoronin-secreting tumors. Most 
laboratories measure urinary free catecholamines, 
metanephrins, normetanephrine and VMA in 
evaluation of pheochromocytomas; plasma cate-
cholamines are used in some medical centers and 
plasma metanephrines are increasingly measured. 
For detection of neuroblastomas, urinary HVA and 
VMA are most commonly requested in clinical 
practice, but other catecholamine metabolites and 
dopamine are also determined. Diagnostic evalua-
tion of patients with carcinoid tumor routinely in-
volves the measurement of 5-HIAA, while the 
measurement of serotonin in platelets and urine 
has been advocated. High performance liquid 
chromatography (HPLC), coupled with electro-
chemical or fl uorometric detection, now provides 
the most widely used assay method for measure-
ment of urinary or plasma catecholamines in rou-
tine clinical laboratory. Once the equipment is pur-
chased and the staff  trained, the technique can pro-
vide reliable, reproducible, and relatively rapid 
measurements of a large number of samples at 
minimum cost per sample. Problems with interfer-
ence from drugs or dietary constituents are rela-
tively easy to identify by careful inspection of chro-
matograms. Consistent sources of interference are 
usually remedied by simple changes in chromato-
graphic conditions (1).

Due to their labile nature and low concentration 
ranges, biogenic amines require extensive and care-
ful sample preparation. Introduction of new so-
phisticated techniques, such as selective adsorbent 
adsorption, has enabled not only more specifi c an-
alyte selection, but also automation of the com-
plicated clean-up procedure. Automated sample 

clean-up can be directly coupled to chromatogra-
phy system, which facilitates reproducible and ef-
fi cient handling of the growing number of samples 
to be analyzed in laboratories.

ANIONS

Measurement of oxalate in urine is important for 
the diagnosis of primary hyperoxaluria and sec-
ondary forms resulting from excessive intake or 
abnormal intestinal absorption of oxalate. Deter-
mination of glycolic acid is essential for the diag-
nosis of primary hyperoxaluria type I. In addition, 
to estimate the risk of stone formation in calcium 
oxalate urolithiasis and nephrocalcinosis, simulta-
neous determination of calcium and also of citrate 
which is a potent inhibitor of calcium oxalate and 
calcium phosphate crystallization and other con-
stituents (electrolytes, phosphate and sulphate) is 
required to calculate urinary calcium saturation. 
Ion chromatography and HPLC are the methods of 
choice for the quantifi cation of oxalate, glycolate 
and glycerate in plasma and urine (3).

PORPHYRIA

Th e clinical features of porphyrias are insuffi  cienty 
specifi c to enable their diagnosis without labora-
tory investigation. DNA and enzyme studies give 
no information about disease activity, they are 
rarely necessary to confi rm the diagnosis in clini-
cally overt porphyria, and are mainly of use for 
family studies (1). Preferred methodology is the 
separation and quantitation of porphyrin by HPLC 
with fl uorescence detection (Fig. 1). Th us, a meth-
od that detects the main isomers of specifi c por-
phyrins is recommended due to occurrence of a 
high number of diff erent isomers, particularly in 
pathological conditions, and the relative abun-
dance of diff erent isomers supports the distinction 
of diff erent p orphyrias. Free porphyrin acids, in-
cluding isomers, are separated depending on their 
polarity on a reverse-phase system. Th e detection 
by fl uorescence is highly specifi c because both their 
excitation and their emission occur at relatively 
long wavelengths (4).

THERAPEUTIC DRUG 
MONITORING AND CLINICAL 
TOXICOLOGY

Th e evaluation of therapeutic drug monitoring has 
been facilitated by development of rapid, sensitive 
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and specifi c analytical techniques. Chromatogra-
phy permits separation of a parent drug from 
 metabolites and diff erentiation from a co-admi-
nistered drug and endogenous compound. Gas 
chromatography and high performance liquid 
chromatography provide specifi city and sensitivity 
with relatively small sample requirements. Th ey 
have also been adopted to simultaneous quantita-
tion of a large variety of drugs and their metabo-
lites.

Chromatography also has an important place in 
clinical toxicology. Because of innumerable drugs, 
metabolites and endogenous substances that may 
be the cause of intoxication, a single analytical 
technique is not suffi  ciently defi nitive. Laboratory 
practice dictates the use of a second or confi rma-
tory procedure (1). Standard techniques in analyte 
detection in clinical chemistry rely on direct char-
acteristics of an analyte, e.g. its apsorbtion of light, 
chemical reactivity or physical interaction with 
macromolecules. In mass spectrometric methods, 
analytes are detected directly from a molecular 
characteristic, like molecular mass and molecular 
disintegration patterns (5). Mass spectrometric 
techniques are very attractive for the quantifi cation 
of biomarkers or xenobiotics in the context of diag-
nostic procedure since those techniques enable 
analyses of much higher specifi city compared to 
standard technologies such as photometry or lig-
and binding tests. Gas chromatography - mass 
spectrometry (GC-MS) is the most widely used 
confi rmatory procedure in toxicology. GC-MS al-
lows the highly specifi c and sensitive quantization 
of thermo-stable molecules below the molecular 
weight of about 500.

Diagnosis of metabolic disorders requires the ana-
lysis of amino acids, organic acids and acylcarni-
tines. For analysis of these three groups which in-
clude lot of diff erent substances in clinical use, a 
variety of techniques are used which include chro-
matography separation. Because of a relatively low 
molecular weight, solubility and other physical 
characteristics, most organic acids are readily ex-
creted in urine and detected using GC-MS, while 
amino acids are usually analyzed by liquid chro-
matography in plasma or urine.

Heparin-induced thrombocytopenia (HIT) is one 
of the major complications of heparin therapy that 
occurs approximately in 3% of patients receiving 
unfractionated heparin. It is manifested by a combi-
nation of thrombocytopenia with thrombotic events. 
HIT is caused by specifi c antibodies that recognize 
complexes of heparin and platelet factor 4, leading 
to platelet activation. Two types of diagnostic assays 

are available: 1) Antigen assays are based on detec-
tion of a specifi c antibody; 2) Functional assays rely 
on platelet aggregation or activation. Among tests in 
this group, the serotonin release assay has been re-
ported to be the best, but it is time-consuming. 
Among few platelet degranulation tests, HPLC de-
termination of the serotonin release from platelet 
granules has emerged as reliable and adequate for 
confi rmation of this disease (6).

Liquid chromatography coupled with tandem mass 
spectrometry (LC-MS/MS) today holds enormous 
potentials for improvements in laboratory medi-
cine (mainly in therapeutic drug monitoring, en-
docrinology, toxicology and metabolomic analysis) 
but the features of standard instruments are at 
present hardly compatible with the workfl ow of 
contemporary standard clinical laboratories. De-
velopment of solutions for extensive automation is 
clearly the key to a widespread application of LC-
MS/MS in laboratory medicine. Th ere is no need to 
introduce this powerful technology for all analytes, 
i.e. wherever it is possible, but only when it is rec-
ommended and cost eff ective.

Compared to standard manual sample preparation 
protocols, automation of sample preparation has 
clearly the potential to increase the productivity of 
clinical LC-MS/MS laboratory unit. For some pa-
rameters which are quantifi ed using LC-MS/MS, 
in many laboratories there are commercially avail-
able automation protocols: 17-hydroxyprogeste-
rone, 25-hydroxyvitamin D, androgens, antimyco-
tic drugs, antiretroviral drugs, CNS active drugs, 
drugs of abuse, immunosuppressants, metane-
phrines in plasma, methylmalonic acid (5,7).

In clinical laboratory MS units, the workfl ow and 
range of applications are quite heterogeneous. In 
commercial referral laboratories, a large series for 
several analytes may be typical (e.g., 25 hydroxyvi-
tamin D, plasma metanephrines, immunosupres-
sants, androgens, methylmalonic acid). In hospital 
laboratory, in contrast, a far wider range of para-
meters is typically intended to be quantifi ed using 
a limited number of LC-MS/MS instruments and 
within a short turnaround time.

CONCLUSION

Abundant data are available in literature about 
possible use of chromatography methods for analy-
sis of various markers in biological material, but 
these data should be previously critically consid-
ered before they are accepted. Chromatography 
methods should be applied in cases when their ad-
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vantages over other methods for solving a specifi c 
problem are undeniable. Tandem mass spectro-
metry represents an important improvement in 
specialized laboratory diagnostics and, according 
to some authors, it will in close future develop to 
become the routine equipment of a clinical labora-
tory and possibly replace the current chromatogra-
phy system in laboratory.
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Analiza biomarkerima kromatografskim tehnikama

SAŽETAK - Kromatografski sustavi u kliničkim laboratorijima primjenjuju se za razdvajanje i kvantifi kaciju 

različitih analita u biološkim uzorcima za kliničku primjenu. Zbog složenosti sustava i visoke cijene kroma-

tografskih sustava, koriste se isključivo u slučajevima kada je potpuno jasna njihova prednost nad ostalim 

metodama za rješenje specifi čnog problema. Jednostavniji kromatografski sustavi, kao što je tekućinska kro-

matografi ja visoke djelotvornosti s različitim standardnim detektorima (npr. elektrokemijski, fl uorometrijski, 

spektrofotometrijski kao UV ili detektor s nizom dioda i dr.), u rutinskoj su uporabi za kvantitativno 

određivanje brojnih analita (npr. biogeni amini, anioni, porfi rini, lijekovi i njihovi metaboliti, aminokiseline, 

organske kiseline i dr.). Posljednjih godina tekućinska kromatografi ja i dvojna masena spektrometrija polako 

ulaze u rutinsku uporabu u kliničkim laboratorijima i ukazuju na brojne mogućnosti poboljšanja u laborato-

rijskoj medicini.

Ključne riječi: klinički laboratorij, kromatografi je, biomarkeri
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Laboratory monitoring 
of new anticoagulants

Désirée Coen Herak

ABSTRACT - New anticoagulants have been developed and introduced in clinical practice in the third mil-

lenium. To date, the most advanced clinical development has been achieved for selective inhibitors of spe-

cifi c coagulation factors Xa (either acting directly or indirectly) and thrombin (direct thrombin inhibitors). 

Th e widespread use of traditional anticoagulants vitamin K antagonists and heparin had a direct infl uence 

on coagulation laboratories for a long time due to the need for routine laboratory monitoring of these agents. 

Although laboratory monitoring of new anticoagulants is not required, measurement of levels of these active 

agents is still be necessary in specifi c clinical situations, especially in emergency. New agents aff ect conven-

tional coagulation assays, prothrombin time (PT) and activated partial thromboplastin time (aPTT) with 

diff erent eff ects, direct FXa inhibitors predominantly prolong PT and direct thrombin inhibitors aPTT, but 

these assays are not appropriate for measuring their anticoagulant eff ects. Consequently, the development of 

new anticoagulants has resulted in an increased interest for fi nding reliable and suitable laboratory assays for 

their assessment. Th erefore, as no standardized assays for the measurement of new anticoagulants have been 

available so far, coagulation laboratory specialists are faced with a new challenge.

Key words: anticoagulants, factor Xa inhibitors, laboratory monitoring, thrombin inhibitors

Department of Laboratory Diagnostics, Zagreb Univer-
sity Hospital Center, Zagreb, Croatia

INTRODUCTION

Aft er more than 50 years of use of traditional anti-
coagulants, vitamin K antagonists and unfraction-
ated heparin, followed by the use of low molecular 
weight heparins (LMWHs) during the last 20 years, 
a new generation of anticoagulants has been devel-
oped and introduced in clinical practice in the 
third millenium. Extensive eff orts toward design-
ing and producing an ideal anticoagulant have led 

to the development of more selective antithrom-
botic agents in order to overcome the limitations of 
the traditional anticoagulants. To date, the most 
advanced clinical development has been achieved 
for selective inhibitors of specifi c coagulation fac-
tors Xa (either acting directly or indirectly via anti-
thrombin) and thrombin (direct thrombin inhibi-
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tors) (1). Recently, two new oral anticoagulants, 
rivaroxaban and dabigatran etexilate, have been 
approved by European authorities for the preven-
tion of thromboembolic events following total hip 
and knee replacement and for the prevention of 
stroke in patients with atrial fi brillation (2).

FACTOR XA INHIBITORS

A synthetic pentasaccharide fondaparinux was the 
fi rst of a new class of selective factor Xa inhibitors 
with high affi  nity for antithrombin (AT) and 100% 
bioavailability. Th e long half-life of 17-21 hours al-
lows once-daily administration, and peak concen-
trations are reached 2 to 3 hours aft er subcutane-
ous injection. Although the expected target range 
for fondaparinux has not not been well established, 
pharmacokinetic studies demonstrated that the 
mean peak steady-state level for patients receiving 
a prophylactic dose of 2.5 mg once daily was 0.39-
0.50 mg/L with a minimum steady-state concen-
tration of 0.14-0.19 mg/L (3, 4). For patients re-
ceiving a therapeutic dose of 7.5 mg, the mean peak 
steady-state level was 1.0-1.26 mg/L with a mean 
minimum steady-state level of 0.46-0.62 mg/L.

As fondaparinux does not bind to platelet factor 4 
(PF4), it is also suitable for the treatment of throm-
botic complications oft en associated with the de-
velopment of heparin-induced thrombocytopenia 
(HIT) (1, 5).

Idraparinux is a second generation of synthetic 
pentasaccharides that has been modifi ed from fon-
daparinux, resulting in increased affi  nity to AT and 
prolonged half-life of 80-130 hours that allows 
subcutaneous administration once a week (6).

Direct factor Xa inhibitors are capable to inhibit 
both free and prothrombinase-bound factor Xa 
compared to indirect FXa inhibitors such as fonda-
parinux and idraparinux that inhibit mainly free 
factor Xa (7). At present, rivaroxaban and apixaban 
represent the clinically most advanced direct FXa 
inhibitors that can be administered orally (1).

Rivaroxaban has a high bioavailability and achieves 
maximum plasma levels approximately 2-4 hours 
aft er oral administration. Th e relatively long half-
life of 4-9 hours and up to 12 hours in elderly al-
lows oral administration once- or twice-daily (5,8). 
As it is mainly excreted by the kidneys (66%), it is 
currently contraindicated in patients with a creati-
nine clearence less than 30 mL/min.

Apixaban is a small molecule directed against the 
active site of factor Xa with properties that are simi-

lar to those of rivaroxaban. It reaches peak plasma 
concentration in 3-4 hours and has a half-life of 10-
14 hours. It is partly metabolized by CYP3A4, partly 
by the kidneys (25%) and partly in the liver (5)

DIRECT THROMBIN INHIBITORS

Direct thrombin inhibitors (DTIs) are small mole-
cules that bind directly to the active catalytic site of 
thrombin and block its interaction with its sub-
strates. Recombinant hirudins (lepirudin), its de-
rivative bivalirudin and argatroban are the main 
DTIs that were developed some years ago and, as 
they are not neutralized by PF4, they have also 
been used for the treatment of HIT (5,6,7). How-
ever, the parenteral administration of these DTIs 
limits their clinical use.

Dabigatran etexilate is the fi rst oral anticoagulant 
that directly inhibits both free and fi brin-bound 
thrombin. It is a pro-drug that is rapidly biocon-
verted aft er ingestion and hepatic processing to the 
active form dabigatran. Th e maximum plasma 
concentration of dabigatran is reached approxi-
mately 1.5 hours aft er ingestion, and once at steady-
state, it has a half-life of 14-17 hours that allows 
once-daily dosing (9).

LABORATORY MONITORING

Th e widespread use of traditional anticoagulants 
had a direct infl uence on coagulation laboratories 
for a long time due to the need for routine labora-
tory monitoring of these agents. Even in the case of 
treatment with LMWHs which generally does not 
require laboratory monitoring, monitoring was 
recommended by the American College of Pathol-
ogists in selected groups of patients including preg-
nant women, children, under- or over-weighted 
patients and patients with renal insuffi  ciency. Th eir 
guidelines recommended target anti-Xa activity 
ranging from 0.5-1.1 U/mL for samples collected 
approximately 4 hours aft er subcutaneous injec-
tion (10).

Along with the development of new anticoagu-
lants, one of the main aims was to eliminate the 
need for routine laboratory monitoring due to their 
predictable anticoagulant eff ect. However, accord-
ing to several opinions, laboratory monitoring or 
measuring will still be necessary in some clinical 
situations, especially in emergency situations like 
bleeding associated with acute trauma or in un-
conscious patients admitted to hospital, as well as 
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in assessment of patient compliance in selected in-
dividuals (2,6,11,12). Th e posibility to assess this 
new active agents can help clinicians in these situ-
ations in elucidating whether an active agent is 
present or not.

From the laboratory point of view, the use of new 
anticoagulants raises two main questions: fi rst, 
what the infl uence of each anticoagulant on coagu-
lation tests is and, second, what tests for measuring 
new anticoagulants are appropriate.

Th e current knowledge of the infl uence of new an-
ticoagulants on conventional coagulation assays 
usually used for monitoring traditional anticoagu-
lants indicate that diff erent agents have diferent ef-
fects on prothrombin time (PT) and activated par-
tial thromboplastin time (aPTT). Furthermore, it 
was found that even new anticoagulants directed 
against the same target (specifi c FXa or specifi c 
thrombin inhibitors) do not have similar eff ect on 
PT and aPTT. Th us, indirect FXa inhibitor fonda-
parinux does not prolong PT, whereas direct FXa 
inhibitor rivaroxaban prolongs PT but results can-
not be expressed as INR values as this prolongation 
is reagent-dependent (2,7,12). Prophylactic or 
therapeutic concentrations of fondaparinux pro-
long only slightly aPTT by 4-5 seconds but have no 
clinically relevant eff ect on fi brinogen, AT, 
thrombin time, protein C, plasminogen, von Will-
ebrand factor and D-dimer (3, 13). Rivaroxaban 
also prolongs aPTT but it does not prolong TT, 
reptilase time, and does not aff ect fi brinogen or D-
dimer (14).

DTIs interfere in clotting-time based coagulation 
assays that involve thrombin, which has a greater 
eff ect on aPTT than on PT, with diff erent sensitivi-
ties toward various reagents, especially in patients 
with lupus anticoagulants and defi ciencies of fac-
tors VIII, IX, XI or XII. Moreover, DTIs can cause 
falsely low fi brinogen results and underestimation 
of clotting-based factor assays (3, 12). Dabigatran 
prolongs the aPTT in a curvilinear manner and has 
low sensitivity for high plasma concentrations. It 
should be noted that all clotting tests sensitive to 
thrombin, such as fi brinogen, can be modifi ed by 
dabigatran (2).

Plasma concentrations of fondaparinux can be 
measured by chromogenic anti Xa assay calibrated 
with fondaparinux, and results should be expressed 
in gravimetric basis as mg/ L (2). Furthermore, as 
there are no validated therapeutic intervals, meas-
urements should be restricted to exceptional situa-
tions (2,14). Promising results have been obtained 
for the measurement of direct factor Xa inhibitors 

with anti Xa chromogenic method but with varia-
bility between assays (2).

For DTIs, ecarin clotting time probably provides 
a sensitive method for assessing their anticoagu-
lant activity, but it is currently used for research 
only (15).

Th ere is no doubt that the development of new an-
ticoagulants has resulted in an increased interest 
for fi nding reliable and suitable laboratory assays 
for their assessment. Moreover, Samama et al. 
stressed the importance of understanding the re-
sults obtained with new anticogulants to avoid 
misinterpretation, taking into account the infl u-
ence of timing of blood sample on obtained results 
(2). One of the problems that arises from the cur-
rent knowledge is that assessing the levels of active 
new anticoagulant agents will probably be limited 
to specialized laboratories only, at least for some 
time.

CONCLUSION

As no standardized assays for the measurement of 
new anticoagulants have been available so far, co-
agulation laboratory specialists are faced with a 
new challenge in fi nding assays suitable for assess-
ment of each specifi c anticoagulant. Both clinicians 
and laboratory medicine specialists must be aware 
of several important facts including the mecha-
nism of action of new agents and their infl uence on 
coagulation assays, with a need for close collabora-
tion in specifi c situations.
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Laboratorijsko nadziranje novih antikoagulansa

SAŽETAK - U trećem su tisućljeću razvijeni novi antiokoagulacijski lijekovi, te je ujedno započela i primjena 

nekih od njih u kliničkoj praksi. Najviše kliničkih informacija dosad je dostupno za specifi čne selektivne 

inhibitore faktora zgrušavanja Xa s izravnim ili neizravnim djelovanjem te izravne inhitore trombina. Široka 

primjena tradicionalnih antikoagulanata, antagonista vitamina K i heparina izravno je utjecala na koagula-

cijske laboratorije dugi niz godina zbog potrebe za rutinskim laboratorijskim praćenjem antikoagulacijskog 

djelovanja tih lijekova. Iako laboratorijsko praćenje novih antikoagulanata u pravilu nije potrebno, mjerenje 

koncentracija još uvijek će biti potrebno u specifi čnim kliničkim situacijama, posebice u hitnim stanjima. 

Novi lijekovi imaju različit utjecaj na standardne koagulacijske pretrage protrombinsko vrijeme (PV) i akti-

virano parcijalno tromboplastinsko vrijeme (APTV), s time što izravni inhibitori faktora Xa u većoj mjeri 

utječu na PV, a izravni inhibitori trombina na APTV. Unatoč tome, ove pretrage nisu odgovarajuće za mje-

renje njihova antikoagulacijskog učinka. Ove su spoznaje usporedo s razvojem novih antikoagulanata dopri-

nijele i povećanom zanimanju za pronalaženjem pouzdanih i odgovarajućih laboratorijskih pretraga pogod-

nih za njihovo određivanje. Zaključno, s obzirom da dosad ne postoje standardizirane specifi čne pretrage za 

mjerenje novih antikoagulanata, ovo područje predstavlja novi izazov.

Ključne riječi: antikoagulanti, inhibitori faktora Xa, inhibitori trombina, laboratorijsko praćenje
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Th erapeutic monitoring 
of immunosuppressive drugs: 
where do we stand?

Paula Granić, Zdenka Lalić

ABSTRACT - In the fi rst half of the 20th century, attempts at transplantation of organs were unsuccessful 

because there were no clear ideas about the processes of immune response. With the advances in immunol-

ogy, immunosuppressive drugs were developed. Initially, it was thought that successful immunosuppression 

can be achieved only by achieving complete immunodefi ciency. Today we are entering an era in which the 

aim of a standard combination therapy will be no more to suppress the immune system, but to modulate it. 

Eff ective, safe and cost-eff ective therapy requires dosage individualization based on therapeutic drug moni-

toring.

Key words:  immunosuppressive drugs, cyclosporine, tacrolimus, sirolimus, everolimus, mycophenolic acid, 
therapeutic drug monitoring

Department of Laboratory Diagnostics, Zagreb Univer-
sity Hospital Center, Zagreb, Croatia

Immunosuppressants are drugs that are used in 
immunosuppresive therapy to inhibit or prevent 
activity of the immune system. Th ey are used to 
prevent the rejection of transplanted organs (kid-
ney, heart, liver, bone marrow), and for treatment 
of autoimune diseases or diseases that are most 
likely of autoimmune origin (rheumatoid arthritis, 
systemic lupus erythematosus, ulcerative colitis). 
Th ese drugs can be classifi ed into the following 
groups:

Calcineurin inhibitors: cyclosporine (CyA), tac-
rolimus (Tac)

mTOR inhibitors: sirolimus (Siro), everolimus 
(Evero)

•

•

Antimetabolites: mycophenolic acid (MPA) 
methotrexate, azathioprine

Antibodies: polyclonal antibodies, IL-2 receptor 
directed antibodies.

Cyclosporine, tacrolimus, sirolimus, everolimus, 
and mycophenolic acid are critical-dose drugs, and 
they are good candidates for therapeutic drug 
monitoring (TDM) because of the following:

Th ey display a clear relationship between drug 
concentrations and clinical outcomes

•

•

•
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Th ey have narrow therapeutic index

Th ey have high degree of inter- and intraindi-
vidual variability

Th ere is a risk of non-compliance in long-term 
therapies

Multiple drug therapy, immunosuppressive drugs 
plus other classes of drugs (antibiotics, lipid low-
ering therapy, anti-hypertensives) have the po-
tential to produce drug interactions (1-5).

PHARMACOKINETICS

Th e science of pharmacokinetics studies eff ects 
that the body has on a drug, or how the drug is 
absorbed by the body, the distribution of the drug 
throughout the body, metabolism and excretion of 
the drug throughout the body.

Calcineurin inhibitors and mTOR inhibitors are 
oxidized by the cytochrome CYP3A4 or CYP3A5 
subfamily of enzymes, but most of these metabo-
lites are inactive. MPA is converted by glucuroni-

•

•

•

•

dation to one active metabolite and three other in-
active metabolites (6-9).

Th e age of a patient is an important factor, and 
therefore immunosuppressive drugs are eliminated 
from the blood of pediatric patients more rapidly 
than in adults. Pediatric patients (<12 years) need 
higher tacrolimus dose than adults.

Th e oral biovailability of immunosuppressants is 
highly variable and depends on a number of the 
following factors:

Liver (dysfunction) and gastrointestinal tract 
function

Time (of taking the drug) and post-transplanta-
tion time

Food and diet

Drug interactions

Transport protein expression.

Drug-drug interactions (induction or inhibition) 
are highly present in most solid organ transplants 
and they mainly involve cytochrome P450 (CYP) 
enzymes and P-glycoprotein (P-gp).

•

•

•

•

•

Table 2. Some drugs that aff ect immunosuppressant concentration in the blood

Drugs CYP3A eff ect
P-glycoprotein
eff ect

CyA
blood conc.

Tacrolimus
blood conc.

Sirolimus
blood conc.

Everolimus
blood conc.

Diltiazem inhibits inhibits increases increases increases increases

Ketoconazole inhibits inhibits increases increases increases

Verapamil inhibits inhibits increases increases increases increases

Carbamazepine induces induces decreases decreases

Phenobarbital induces induces decreases decreases

Phenitoin induces induces decreases decreases

Rifampicin induces inhibits decreases decreases decreases

Cyclosporine increases

Erytromycin inhibits induces increases  

Table 1. Basic pharmacokinetic parameters

Bioavailability
%

Volume of
distribution

t
1/2

t
max

Metabolism

Cyclosporine 50-60 3-5 5-18 1-4 CYP3A4

Tacrolimus 6-43 ~ 2,5 12-15 0,5-1 CYP3A4

Sirolimus ~ 15 ~ 1,7 46-78 3,1±2,4 CYP3A4

Everolimus 16 ~ 1,5 16-35 1,5-2 CYP3A4

Mycophenolic acid ~ 94 4 17 1-2 glucuronidation
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Some foods also exert infl uence on the concentra-
tion of immunosuppressive drug levels. It is known 
that grape juice can inhibit P-glycoprotein and 
CYP3A4 enzymes, resulting in a rise of immuno-
suppressive drug concentration.

High fat meal can decrease the concentration of 
these drugs. Chronic diarrhea can reduce the ac-
tivity of P-glycoprotein; also, it can elevate the con-
centration of tacrolimus, but not of cyclosporine 
(10-13).

THERAPEUTIC RANGES

Optimal therapy with immunosuppressive drugs is 
an essential element of survival in patients with 
transplanted organs. Because of many factors that 
aff ect treatment (age, body, weight, body fat con-
tent, enzyme activity of liver, and kidney function), 
the necessary approach is individual therapy. Th e 
individualization of therapy involves pharmacoki-
netics, pharmacodynamics and pharmacogenet-
ics.

Proper sampling is very important for the accurate 
interpretation of drug action. It is generally accept-
ed that the best indicator of total drug activity is 
the area under the curve (AUC). It is, however, 
hardly feasible in daily practice because it requires 
a large number of samples; therefore, the lowest 
measured concentration during a certain period 
(C

0 , 
pre-dose sample) is for most drugs considered 

as the reference concentration, except for cy-
closporine where peak concentration (Cmax) can 
be measured two hours aft er dosing. C

2
 may or 

may not be identical to Cmax.

Measurements of cyclosporine, tacrolimus, siro-
limus and everolimus are made using whole blood 
rather than serum or plasma, because these drugs 
are highly bound to red blood cells (whole blood/
plasma ratio: 3-5 for cyclosporine, 12-20 for tac-
rolimus, about 36 for sirolimus). Measurements of 
MPA are made in plasma or serum as this drug is 
not distributed into red blood cells.

Analytical methods for determining the concen-
tration of drugs based on immunoassays or chro-
matographic analyses diff er in terms of specifi city, 
reproducibility and robustness.

Immunochemical methods (homogenous and het-
erogenous) used for determining the concentra-
tion of immunosuppressive drugs are as follows:

Fluorescence polarization immunoassay (FPIA)

Microparticle enzyme immunoassay (MEIA)

•

•

Enzyme multiplied immunoassay technique 
(EMIT)

Cloned enzyme donor immunoassay (CEDIA)

Affi  nity column-mediated immunoassay (AC-
MIA).

Th e following chromatographic techniques are in 
use:

High-performance liquid chromatography 
(HPLC)

Liquid chromatography mass spectrometric de-
tection (LC-MS)

Tandem mass spectrometric detection (LC-MS.-
MS) (14-15).

Most laboratories use immunoassays for cyclo-
sporine and tacrolimus determination, whereas 
immunochemical and chromatographic techni-
ques are used for sirolimus, everolimus and MPA, 
depending on the equipment of individual labora-
tories.

At the Department of Laboratory Diagnostics, Uni-
versity Hospital Center Zagreb, immunoassays are 
used to determine cyclosporine, tacrolimus, siro-
limus, everolimus, while HPLC-UV method is ap-
plied for MPA measurement.

Th ere are several reasons for selecting a particular 
analytical technique to be implemented in a labo-
ratory:

What instrument is available?

Is suitable technical expertise available?

Is the chosen technique suitable for clinical pur-
pose?

What are the capital and running costs?

Th e following tables contain suggested therapeutic 
ranges for individual immunosuppressants.

•

•

•

•

•

•

•

•

•

•

Table 3. Th erapeutic ranges for cyclosporine (C
0
)

Organ 
transplantation

Th e period aft er
transplantation

Th erapeutic 
range
µg/L

Kidney Up to 3 months
Aft er 3 months

150 – 250
100* – 150
100 - 125 

Liver, heart, lungs Up to 3 months
3 months – 1 year

150 – 250
100 - 150

*Some authors suggest the lower value in the 
maintenance phase, i.e. 75 µg/L.
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Th erapeutic range for everolimus has not been 
conclusively defi ned. It is recommended as pre-
sented in Table 7.

Th e recommended therapeutic range for mycophe-
nolic acid is 2-4 µg/L. Th erapeutic range has not 
been fi nally defi ned, the proposed values have 
maximum eff ect and minimal adverse eff ects.

CONCLUSIONS

Most immunosuppressants have a narrow thera-
peutic index and show a predisposition for variable 
pharmacokinetics if given in combination with one 
another and in combination with other drugs. In 
other words, these are drugs with a large inter- and 
intraindividual diff erences. Individualization of 
therapy is based on TDM, pharmacokinetics and 
pharmacogenetics (19-20).

At the Department of Laboratory Diagnostics, ap-
proximately 10 000 analyses are performed annu-
ally of cyclosporine and about 3000 tacrolimus 
analyses with the tendency of constant growth. 
Analyses of other immunosuppressive agents are 
less common, but it should be noted that the deter-
mination of everolimus concentration is on the in-
crease.
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Terapijsko nadziranje imunosupresijskih lijekova: 
gdje smo danas?

SAŽETAK - U prvoj polovini dvadesetog stoljeća pokušaji transplantacije organa bili su neuspješni jer nije 

bilo jasne predodžbe o procesima imunog odgovora. Razvojem imunologije razvijali su se imunosupresijski 

lijekovi. U početku se smatralo da se uspješna imunosupresija može postići jedino postizanjem totalne imu-

nodefi cijencije. Danas ulazimo u eru u kojoj će norma biti kombinirana terapija ne više radi suzbijanja imu-

niteta, već radi njegova moduliranja. Djelotvorna, sigurna i čak ekonomična terapija zahtijeva individualiza-

ciju doziranja temeljenu na terapijskom praćenju lijeka.

Ključne riječi:  imunosupresijski lijekovi, ciklosporin, takrolimus, sirolimus, everolimus, mikofenolna 
kiselina, terapijsko praćenje koncentracije.
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New techniques in microbiology diagnostics 
– identifi cation of microorganisms in blood 
culture samples

Ana Budimir

ABSTRACT - In a clinical diagnostic microbiology laboratory, the identifi cation of bacterial or yeast isolates 

is currently mainly based on phenotypic characteristics. Th ese phenotypic analyses take several hours or an 

overnight period for full and optimal identifi cation and, in some cases, can be doubtful or imprecise in spe-

cies identifi cation. Recent molecular methods, such as real-time PCR, sequence analysis or microarray anal-

ysis, have found some application in bacteriology. To optimize the care of patients with infectious diseases, 

there is still an urgent need for rapid and simple techniques for microbial identifi cation. Th e most promising 

techniques are proteomic technologies including matrix-assisted laser desorption-ionization time-of-fl ight 

mass spectrometry (MALDI-TOF MS). Novel applications of the systems in identifi cation of microbial spe-

cies in clinical samples are also explored. Th is includes identifi cation of pathogens from positive blood cul-

tures or directly from patients samples, such as urine. Currently, intriguing MALDI-TOF MS developments 

are made regarding the phenotypic detection of certain antibiotic resistance mechanisms, e.g. beta lactama-

ses and carbapenemases.

Several procedures have been described for the identifi cation of microorganisms contained in urine samples, 

enrichment broths or positive blood cultures.

In comparison to traditional microbiological methods, MALDI-TOF MS can identify bacteria and yeast within 

minutes directly from the colonies grown on culture plates. Th is approach, which is radically new, tends to re-

duce costs of consumables and the length of diagnostic time. Th e reliability and accuracy of the method have 

been demonstrated in numerous studies and diff erent systems are already commercially available.

Key words:  clinical microbiology, phenotypic identifi cation, matrix-assisted laser desorption-ionization 
time-of fl ight mass spectrometry -MALDI-TOF

Zagreb University Hospital Center, Department of Clinical and Molecular Microbiology,

School of Medicine, University of Zagreb, Zagreb, Croatia
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INTRODUCTION

Results of susceptibility testing are used to target 
antimicrobial therapy and, based on that informa-
tion, improving the outcome of infection and thus 
reducing morbidity and mortality.

Conventional diff erentiation methods rely on bio-
chemical criteria and require additional pre-test-
ing and lengthy incubation procedures. Classic 
strategy for bacterial identifi cation is based initially 
on fast and simple tests like Gram staining, catalase 
and oxidase tests. For fungal identifi cation, micro-
scopic slide and typical colony morphology are ob-
served.

Secondary phenotypic tests complete the identifi -
cation and can be performed using either commer-
cial kits or automated systems, but also in-house 
biochemical tests. Th ese phenotypic analyses take 
several hours or an overnight period for full and 
optimal identifi cation and, in some cases, can be 
doubtful or imprecise in species identifi cation.

Phenotypic markers for bacterial typing might 
show variability due to environmental changes, pa-
tient’s characteristics, cultivation conditions, etc.

Antimicrobial susceptibility testing is performed 
in parallel and, for these purposes, it is oft en re-
quired to have the pure culture of bacteria/fungi so 
that the shortest time when the fi nal result is issued 
is 48 hours aft er receiving the clinical sample. Th is 
time is greatly increased if the growth of an organ-
ism is slow or diffi  cult (e.g., anaerobic bacteria).

Recent molecular methods for microbial identifi -
cation, such as real-time PCR, sequence analysis or 
microarray analysis, have found some application 
in bacteriology. However, these methods do not 
provide complete solution in routine bacterial 
identifi cations. To optimize the care of patients 
with infectious diseases, there is still an urgent 
need for rapid and simple techniques for microbial 
identifi cation.

Th e most promising techniques are proteomic 
technologies, including matrix-assisted laser des-
orption-ionization time-of-fl ight mass spectrome-
try (MALDI-TOF MS) (1).

Novel applications of the systems for identifi cation 
of microbial species in clinical samples have also 
been explored. Th is includes identifi cation of path-
ogens from positive blood cultures or directly from 
patients’ samples, such as urine. Currently, intrigu-
ing MALDI-TOF MS developments are underway 
regarding the phenotypic detection of certain anti-

biotic resistance mechanisms, e.g. beta lactamases 
and carbapenemases.

Several procedures have been described for the 
identifi cation of microorganisms contained in 
urine samples, enrichment broths or positive blood 
cultures.

MICROBIOLOGICAL DIAGNOSIS 
OF BLOODSTREAM INFECTIONS

Th roughout the world, bloodstream infections (BSI) 
are associated with high rates of morbidity and 
mortality, with mortality rate ranging from 20 to 
70% (2).

In Europe, estimated 135.000 patients die each year 
of sepsis-associated complications, with an overall 
sepsis incidence of 3 cases per 1000 individuals (3).

Diff erent forms of sepsis are always associated with 
bacteremia (or fungemia); on the other hand, bac-
teremia and fungemia do not always cause the sep-
sis syndrome. Usually, bacteremia is categorized as 
transient, intermittent or continuous. If bacteremia 
(or fungemia) is not properly controlled, it can be 
associated with development of sepsis, a clinical 
syndrome related to an infectious process with im-
portant alterations in infl ammatory response and 
coagulation. Th e syndrome of sepsis is a continu-
um ranging from systemic infl ammatory response 
syndrome (SIRS) to multiple-organ dysfunction 
syndrome (MODS). Recently published guidelines 
for the management of severe sepsis and septic 
shock include the following key recommendations: 
prompt administration of broad-spectrum em-
pirical antimicrobial therapy within 1 h of diagno-
sis, sampling of blood for culture, and cultures of 
relevant body sites. In the acute phase, the role of 
clinical microbiology laboratory is important, but 
confi rmation of infectious etiology, identifi cation 
of pathogen, and evaluation of its antimicrobial 
susceptibility are not reported for another 24 to 72 
hours aft er receiving the specimen (4).

Th e role of blood cultures is crucial for the correct 
fi ne-tuning of antibiotic therapy. Current guide-
lines recommend the collection of two to three 
blood culture sets per each suspected BSI episode; 
the collection includes 20 to 30 mL of blood per 
each set evenly distributed between an aerobic bot-
tle and an anaerobic bottle. Blood cultures are cur-
rently performed with continuous-monitoring 
blood culture systems (CMBCS) using fully auto-
mated instruments that incubate blood samples. 
Th ese instruments also detect microbial growth by 



169

Su
p

p
l. 2

, 2
0

1
2

Neurol Croat Vol. 61, Suppl. 2, 2012 A. Budimir. New techniques in microbiology

the analysis of CO
2
 release using fl uorescent sen-

sors or, alternatively, by measuring pressure chang-
es in the bottle headspace due to the consumption 
and production of gases. However, several factors 
may reduce the overall sensitivity of blood cultures. 
Several studies of adults and pediatric patients 
confi med that the rate of isolation from blood cul-
tures increases with the quantity of blood submit-
ted (5). Another important variable infl uencing 
diagnostic results is the time from blood with-
drawal to the loading of blood culture bottles into 
the instrument. An evident decrease in recovery 
has been observed when bottles are held at room 
temperature for more than 12 h and even more so 
when they are preincubated at 37 °C before being 
loaded into the automatic instrument (6).

An intrinsic limitation of blood cultures is their 
low sensitivity to slow-growing and fastidious or-
ganisms such as Bartonella spp, Francisella tularen-
sis, Mycoplasma spp, several molds, and Nocardia 
spp. (7)

Aft er a positive signal is given by the automated 
instrument (usually within 24 to 48 of incubation 
(8), Gram stain is performed (together with a pre-
liminary evaluation of antimicrobial susceptibility 
by Kirby-Bauer antibiogram) directly from blood 
culture bottle. Th e pathogen is then identifi ed by 
biochemical tests. Rapid phenotypic tests may al-
low identifi cation of a large percentage of patho-
gens commonly recovered from blood cultures 
(usually within 18 to 24 h).

However, more time is oft en needed for the fi nal 
identifi cation and antimicrobial susceptibility eval-
uation of a given isolate, especially when slow-
growing pathogens such as yeasts or anaerobes are 
present (8).

RAPID TESTS FOR THE 
DIAGNOSTICS OF SEPSIS

Alternatively, molecular biology enables rapid bac-
terial identifi cation using polymerase chain reac-
tion (PCR) which is one of the most sensitive tests, 
and the potential of nucleid acid-based technolo-
gies (NAT) has been partially exploited in routine 
microbiology laboratory.

NAT-based assays applied to sepsis can be divided 
into two main categories: NAT assays for the detec-
tion and identifi cation of pathogens from blood 
culture bottles, and NAT assays for the detection 
and identifi cation of pathogens directly from 
blood, serum, or plasma samples.

Th ree types of strategies have been described: 
pathogen-specifi c assays targeting species- or ge-
nus-specifi c genes; broad-range assays targeting 
conserved sequences in the bacterial or fungal ge-
nome, such as panbacterial 16S, 5S, and 23S rRNA 
genes of the pan-fungal 18S, 5.8S and 28S ribos-
omal DNAs; and fi nally, multiplex assays allowing 
the parallel detection of species or genus-specifi c 
targets of diff erent pathogens potentially involved 
in a certain infection type. Classical PCR tech-
niques (included nested PCR methods) should be 
avoided in a high-throughput clinical laboratory, 
and PCR methods based on the automated fl uores-
cence detection of amplicons (Real-time PCR) 
should be more robust, less labor-intensive, and 
less prone to contamination than conventional 
PCR techniques. Real-time PCR techniques also 
allow the absolute or relative quantitation of the 
target sequence, which can assist in discriminating 
signifi cant bacterial loads of potentially contami-
nating species such as viridans-group streptococci 
or coagulase-negative staphylococci.

ASSAYS FOR IDENTIFICATION 
OF PATHOGENS FROM POSITIVE 
BLOOD CULTURES

Approaches for the detection of bacterial or fungal 
DNA from blood cultures have been developed 
to obtain a rapid identifi cation of grown patho-
gens (9).

However, the real diagnostic potential of these ap-
proaches is limited since they do not overcome any 
of the technical and sensitivity issues oft en involved 
in blood culture diagnostics.

PCR-based methods

Pathogen-specifi c assays: the role of these assays is 
limited due to a high variety of pathogens poten-
tially responsible for BSI.

Partial utility may be recognized for those patho-
gen-specifi c assays that are capable of detecting 
genes encoding resistance to major antimicrobials, 
such as mecA gene in staphylococci or van gene in 
enterococci (10).

Th e clinical use of broad-range assays for positive 
blood culture is also limited. Th e main disadvan-
tage of broad-range approaches is that, aft er the 
PCR amplifi cation of a target sequence, further 
identifi cation procedures are necessary. Several 
identifi cation strategies have been associated with 



170

Su
p

p
l.

 2
, 2

0
1

2

A. Budimir. New techniques in microbiology Neurol Croat Vol. 61, Suppl. 2, 2012

the broad-range approach, such as sequencing, 
polymorphism analysis, or subsequent genus- or 
species-specifi c real-time PCR (11, 12).

Th is approach could be more useful for persistently 
negative blood cultures in the presence of a strong 
clinical suspicion of bacteremia and fungemia, as 
in the case of infective endocarditis.

Multiplex assays of the pathogens most frequently 
isolated from BSI could be a compromise approach. 
Several technical solutions have been described, 
including multiplex PCR with subsequent analysis 
of the electrophoretic pattern, hybridization on an 
enzyme-linked immunosorbent assay (ELISA) 
plate, or multiplex real-time PCR (13,14).

In this paper, we decided to thouroughly review 
some NAT-based assays, including those commer-
cially available and non-NAT methods applied to 
positive blood cultures.

Among nonamplifi ed Nat-based methods, an ex-
ample is fl uorescence in situ hybridization (FISH) 
with oligonucleotide probes targeting bacterial of 
fungal genes (typical rRNA genes). In PNA probes, 
the negatively charged (deoxy)ribose-phosphate 
nucleic acid back-bone is replaced by an uncharged 
N-(2.aminoethyl)-glycine scaff old to which the 
nucleotide bases are attached via a methylene car-
bonyl linker (15).

Due to their neutral charge, PNA probes have more 
robust hybridization characteristics than DNA 
probes. As conventional FISH probes, they are usu-
ally designed to target naturally abundant rRNA 
genes, thereby allowing the detection of microor-
ganisms without the need for an amplifi cation step. 
Finally, and adding to their clinical applicability, 
PNA FISH probes are less susceptible to inhibition 
by impurities in diff erent clinical samples than am-
plifi ed NAT-based methods (2).

Some papers reviewed clinical consequences of us-
ing PNA-FISH in positive blood cultures. Th e clin-
ical guidance from microbiologists following posi-
tive blood cultures with Gram-positive cocci in 
clusters depends on patient history and the patho-
gen retrieved. If a patient is severely ill, or growth 
in all fl asks co-occurs initially, Staphylococcus au-
reus and not coagulase-negative staphylococci 
(CoNS) is presumed. Clinical guidance and the 
choice of empirical treatment are aff ected by these 
assumptions. PNA FISH identifi ed pathogens in 90 
minutes and has been demonstrated to have an im-
pact on clinical outcome. In BC of 87 patients with 
S. aureus bacteremia and 250 patients with CoNS, 
PNA –FISH was able to improve guidance from 

clinical microbiologist to clinical doctors in 70% 
and 46%, respectively. Th e benefi ts were early diag-
nosis, early appropriate treatment, faster guidance 
to identify the infectious focus, and avoidance of 
unnecessary readmissions (16).

A shortened protocol for two peptide nucleic acid 
fl uorescence in situ hibridization (PNA –FISH) as-
says for the detection of Gram-negative bacilli 
from positive blood cultures was evaluated in a 
multicentric trial. Th ere was 100% concordance 
between the two protocols for each assay and 99.7 
% agreement with routine laboratory techniques. 
Th e conclusion is that, given the increasing resist-
ance to antimicrobial agents – particularly among 
the gram-negative bacteria (GNB), the advent of 
assays that can identify pathogens within hours 
represents a potential advantage over traditional 
methods which take 1 to 3 days (17). PNA FISH 
was evaluated in 46 febrile neutropenic patients, 
with the conclusion that, for the detection of cath-
eter-related blood stream infections (CRBSI), spe-
cies-specifi c investigation procedure may be a dis-
advantage for the PNA FISH method. To cover 
most of the relevant microorganisms causing CRB-
SIs, a combination of diff erent PNA FISH assays 
intended for identifi cation of specifi c microorgan-
isms is required, resulting in increased costs and 
slight extension of the investigation time. On the 
other hand, identifi cation of certain microorgan-
isms has great clinical impact since it allows initia-
tion of targeted therapy. However, no antimicrobial 
susceptibility pattern can be determined by PNA 
FISH method, and therapy therefore has to be 
based on available resistance data from a given re-
gion (18).

Th e performance of the Candida albicans /Candida 
glabrata PNA–FISH method has been evaluated in 
a multicenter study. A major advantage was the 
ability to perform the assay directly from blood 
culture bottles without the need to isolate colonies 
on agar media. Th e sensitivities of detection for C. 
albicans and C. glabrata were 98.7% and 100%, re-
spectively, and specifi city for both components of 
the assay was 100% (19).

Early and appropriate therapy can critically aff ect 
patient oucomes; however, antifungal therapy for 
patients with candidemia is still largely empirical, 
taking into account patient symptoms, history and 
hospital trends. Rapid identifi cation of yeasts to 
the species level from newly positive blood cultures 
will provide clinicians with actionable information 
for antifungal therapy days earlier than the current 
method.
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Non-NAT-based methods

In recent years, few developments in microbiologi-
cal diagnostics have revolutionized the life sciences 
as much as mass spectrometry. Th is development 
was enabled primarily by the invention of the ioni-
zation techniques of matrix-assisted laser desorp-
tion/ionization (MALDI) and electrospray ioniza-
tion (ESI) (20).

In comparison to traditional microbiological meth-
ods, MALDI-TOF MS can identify bacteria and 
yeast within minutes directly from colonies grown 
on culture plates. Th is approach, which is radically 
new, tends to reduce costs of consumables and the 
length of diagnostic time. Th e reliability and accu-
racy of the method have been demonstrated in nu-
merous studies and diff erent systems are already 
commercially available.

Even though the fi rst study of the use of MS for the 
identifi cation of bacteria dates back to 1975 and 
was performed by Anhalt and Fenselau, MALDI-
TOF MS devices designed for use under routine 
conditions have only recently been commercially 
introduced (21).

Over the past several years, this technique has been 
used in specifi c studies that have essentially as-
sessed its ability to identify diff erent bacterial gen-
era among Gram-negative rods, such as Escherichia 
coli, and other members of the Enterobacteriaceae 
family; (22, 23), Gram-positive cocci, such as Sta-
phylococcus family and Streptococci, Bacillus 
cereus and Listeria species (24).

A recent study that assessed the performance of 
MALDI-TOF MS for identifi cation of bacterial 
strains isolated from clinical samples showed that 
this technique enables the accurate identifi cation 
to the species level of 84.1% of the 1660 strains 
tested (25).

Th is technique is able to identify bacteria or fungi 
by determining their proteomic profi les, and it has 
also been used to identify bacterial virulence fac-
tors and antibiotic resistance markers (26).

As demonstrated by recent and abundant literature, 
rapid bacterial identifi cation directly from positive 
blood cultures by MALDI-TOF MS analysis is a 
challenging goal for microbiologists (27, 28, 29).

Common observation in all studies evaluated since 
2009-2011, independently of study design, is that 
rapid identifi cation is more successful for Gram-
negative organisms than for the Gram-positive 
species that cause most cases of septicemia. Th is 

disparity may explain poor identifi cation rates in a 
study by Fereira et al because only 20% of bacteria 
in that study were Gram-negative (30).

As observed in a study of Martiny et al, the propor-
tion of Gram-negative organisms found in positive 
blood cultures is usually higher (37%) (31).

Among the studies that used the interpretative cut-
off s recommended by Bruker Daltonics, the range 
of correct genus and species identifi cations varies 
from 68.2% to 89% and from 57% to 79%, respec-
tively (29, 32). Several authors reported up to 90% 
correct species identifi cations using short sample 
preparation procedures. Such results have been ob-
tained on the basis of lowered cut-off s and/or the 
utilization of additional tests (i.e. Slidex pneumo-
kit) (33-35).

Th e results of the identifi cation of bacteria from 
polymicrobial cultures were in agreement with the 
fi ndings of previous studies. When analyzing a 
positive blood culture containing several micro-
organisms, the MALDI-TOF usually led to the 
successful identifi cation of the predominant spe-
cies. Th ere was no misidentifi cation resulting from 
the concomitant presence of several species of bac-
teria (35).

Use of MALDI-TOF mass spectrometry assay of 
blood culture broths for rapid identifi cation od 
Candida species causing bloodstream infection 
was evaluated in species-level identifi cation. Iden-
tifi cation results were concordant with those of the 
conventional culture-based method for 95.9% of 
Candida albicans and 86.5% of non-albicans Can-
dida species. Results were available in 30 minutes, 
suggesting that this approach is reliable and time 
saving (36).

In the study of van Veen et al, 327 previously cul-
tured clinical isolates were tested followed by 980 
clinical isolates of bacteria and yeasts. Overall per-
formance of MALDI-TOF MS was signifi cantly 
better than conventional biochemical tests for 
 correct species identifi cation (92.2% and 83.1%) 
and produced fewer incorrect genus identifi ca-
tions. MALDI-TOF MS had signifi cantly better 
performance than conventional methods for spe-
cies identifi cation of bacteria and yeasts from clini-
cal isolates (37).

MALDI-TOF MS has now been implemented in 
many European laboratories for effi  cient, cost-ef-
fective, rapid, and routine identifi cation of bacte-
rial and yeast isolates. Application of MALDI-TOF 
MS off ers a rapid, simple, inexpensive, and high-
throughput proteomic technique for identifi cation 
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of both bacteria (except for identifi cation of viri-
dans streptococci and pneumococci or anaerobic 
bacteria) and yeasts and can be implemented in a 
conventional laboratory setting in its current ap-
plication. Although the technique has high accu-
racy for microbial identifi cation in general and 
performs as well or better than conventional tech-
niques, the performance can be signifi cantly im-
proved when more spectra of appropriate reference 
strains are added to the database.
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Nove tehnike u mikrobiološkoj dijagnostici 
– identifi kacija mikroorganizama u uzorcima 
hemokulture

SAŽETAK - U kliničkom mikrobiološkom laboratoriju, identifi kacija bakterija i gljiva se uglavnom temelji 

na fenotipskim karakteristikama. Utvrđivanje fenotipskih osobina traje nekoliko sati, najčešće se patogeni 

inkubiraju preko noći, a u određenim slučajevima, može postojati sumnja ili nepreciznost u dijagnostici. 

Recentne molekularne metode, kao što je PCR u realnom vremenu, analiza sekvenci nukleotida, ili micro-

array-analiza, moguće je primijeniti u bakteriologiji. Za optimalnu dijagnostiku i postupke liječenja bole-

snika s infekcijom postoji velika potreba za brzim i jednostavnim tehnikama identifi kacije mikroorganiza-

ma. Tehnika koja najviše obećava je jedna od proteomičkih tehnologija koja se temelji na tandemskoj spek-

trometriji masa (matrix-assisted laser desorption-ionization time-of fl ight mass spectrometry -MALDI-TOF). 

Istražene su i mogućnosti sistema za identifi kaciju mikroorganizama direktno u kliničkim uzorcima. Postoje 

studije i primjene navedenih metoda identifi kacije u pozitivnim hemokulturama ili direktno iz urina pa-

cijenta. Trenutno razvoj i aplikacija MALDI-TOF MS tehnologije ide u smjeru detekcije mehanizama rezi-

stencije na antibakterijske lijekove, kao što su na primjer beta laktamaze ili karbapenemaze.

Nekoliko procedura je opisano za identifi kaciju mikroorganizama u urinu, tekućem obogaćujućem bujonu 

ili urinu. U usporedbi s tradicionalnim mikrobiološkim metodama, MALDI-TOF MS može identifi cirat 

bakterije I gljive unutar nekoliko minuta direktno s uzgojne ploče. Na ovaj način se manjuju troškovi obrade 

uzorka i vrijeme trajanja dijagnostičke pretrage. Pouzdanost i točnost sistema temeljenih na MALDI-TOF 

tehnologiji pokazani su u brojnim studijama a na tržištu već postoji više komercijalnih sistema za identifi ka-

ciju mikroorganizama.

Ključne riječi:  klinička mikrobiologija, fenotipska identifi kacija, tandemska spektrometrija masa (matrix-
assisted laser desorption-ionization time-of fl ight mass spectrometry -MALDI-TOF)
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