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Summary 
Background: Recent studies indicate that survivin (BIRC5)
is sensitive to the existence of previous ischemic heart dis-
ease, since it is activated in the process of tissue repair and
angiogenesis. The aim of this study was to determine the
potential of survivin (BIRC5) as a new cardiac biomarker in
the preoperative assessment of cardiovascular risk in com-
parison with clinically accepted cardiac biomarkers and one
of the relevant clinical risk scores. 
Methods: We included 79 patients, female (41) and male
(38), with the mean age of 71.35±6.89. Inclusion criteria:
extensive non-cardiac surgery, general anesthesia, age
>55 and at least one of the selected cardiovascular risk
factors (hypertension, diabetes mellitus, hyperlipidemia,
smoking and positive family history). Exclusion criteria:
emergency surgical procedures and inability to understand
and sign an informed consent. Blood sampling was per-
formed 7 days prior surgery and levels of survivin (BIRC5),
hsCRP and H-FABP were measured. 

Kratak sadr`aj
Uvod: Novije studije ukazuju da je survivin (BIRC5) osetljiv
na prisustvo prethodnih ishemijskih sr~anih oboljenja s
obzirom na ~injenicu da se aktivira u procesu obnove tkiva
i angiogeneze. Cilj ove studije je bio da se odredi potencijal
survivina (BIRC5) kao novog sr~anog biomarkera u pre -
operativnoj proceni kardiovaskularnog rizika u pore|enju
sa klini~ki prihva}enim sr~anim biomarkerima i relevantnim
klini~kim rizik indeksom. 
Metode: Uklju~eno je 79 pacijenata, `ena (41) i mu{karaca
(38) prose~ne starosti 71,35±6,89 godina. Kriterijumi uklju -
~ivanja u studiju su bili: opse`ne ne-kardiohirur{ke ope racije,
operacija sprovedena pod op{tom anestezijom, vi{e od 55
godina i barem jedan od izabranih kardiovaskularnih faktora
rizika (hipertenzija, diabetes mellitus, hiperlipidemija, pu -
{enje i pozitivna porodi~na istorija). Kriterijumi za isklju~iva -
nje iz studije su bili: hitna hirur{ka procedura i nesposobnost
pacijenta da razume i potpi{e informisani pristanak. Uzor -
kovanje krvi je obavljeno 7 dana pre operacije i odre |ivani su
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Introduction

Percentage of non-cardiac surgeries in patients
with cardiovascular comorbidity in Europe is as high
as 30%. Extensive non-cardiac surgeries are associat-
ed with a mortality degree of 0.8 to 1.5% in the gen-
eral population, with serious cardiovascular complica-
tions being reported bet ween 1.7 and 3.5%. About
42% of the mortality is caused by cardiovascular com-
plications (1). 

Perioperative cardiovascular (CVS) risk assess-
ment includes clinical signs and clinical experience,
but also several risk scores, such as Goldman, Detsky,
and most recently introduced revised Lee score (1, 2–
4). Further assessment methods have been developed
by the American Society of Anesthesiologists, the so
called ASA score (5). Contemporary methods include
interactive calculators, such as the American College
of Surgeons National Surgical Quality Improvement
Program (ACS-NSQIP) calculator (6).

The fact is that age of the patient has impact on
postoperative complications due to significant comor-
bidities, with cardiovascular diseases being the most
prevalent. Therefore, elderly patients have to go
through cautious preoperative assessment (1).  

Cardiovascular biomarkers are needed in order
to make preoperative assessment more accurate.
High sensitivity C-reactive protein (hsCRP) has been
introduced into clinical practice much earlier as a car-
diac biomarker (7), while heart-type fatty acid binding
protein (H-FABP) is a novel accurate cardiac biomark-
er (8, 9). Apoptosis plays a key role in the pathogen-
esis of different cardiovascular diseases, together with
necrosis. It may be initiated by the activation of the
first and stopped by deactivation of one of the down-
stream caspases, therefore a new challenge is to
determine the »point of no return«. Survivin (BIRC5)
is a member of the inhibitors of apoptosis proteins
(IAP) family, which bind to caspases, inhibit them and
decide whether the cells enters the apoptotic process

or not (10–12). In contrast to other IAPs, survivin
(BIRC5) is highly specific to fetal tissue and is usually
not present in the adult serum (13), except in the
case of tumor or autoimmune disease. Survivin
(BIRC5) represents an already confirmed tumor
biomarker by many studies. Apart from this, recent
studies indicate that it is sensitive to the existence of
previous ischemic heart disease since it is activated in
the process of tissue repair and angiogenesis (10,
13). 

The aim of our study was to evaluate the useful-
ness of survivin (BIRC5) as a new cardiac biomarkers
in the preoperative assessment of cardiovascular risk
in comparison with the already confirmed and clinically
accepted cardiac biomarkers (hsCRP and H-FABP) and
the relevant clinical risk index (revised Lee score) in
elderly patients.

Materials and Methods 

Ethical approval for this study (Ethical Com -
mittee No 01-6481-26) was provided by the Ethical
Committee of Medical School, University in Ni{, Ni{,
Serbia (Chairperson Prof. dr Borislav Kamenov) on 24
September 2013. 

Annex to this approval (Ethical Committee No
12-6316-2/3) was provided by the Ethical Com -
mittee of Medical School, University in Ni{, Ni{,
Serbia (Chairperson Prof. dr Vladmila Bojani}) on 16
June 2016.

Patients

Research was conducted as a prospective pilot
study involving patients preparing for major non-car-
diac surgeries. A total of 78 patients were operated in
one of the surgical clinic of the Clinical Center in Nis,
Serbia 2013 (starting from October 1st, ending
December 31st). Inclusion criteria were: extensive

Results: Revised Lee score was assessed based on data
found in patients’ history. Levels of survivin (BIRC5) were
higher in deceased patients (P<0.05). It showed
AUC=0.807 (95% CI, P<0.0005, 0.698–0.917), greater
than both H-FABP and revised Lee index, and it increases
the mortality prediction when used together with both bio-
markers and revised Lee score. The determined cut-off
value was 4 pg/mL and 92.86% of deceased patients had
an increased level of survivin (BIRC5), (P=0.005).
Conclusions: Survivin (BIRC5) is a potential cardiac bio-
marker even in elderly patients without tumor, but it cannot
be used independently. Further studies with a greater num-
ber of patients are needed. 

Keywords: survivin, cardiac morbidity: pre-operative
factors, sensitivity, specificity, peri-operative risk of MI

nivoi survivina (BIRC5), hsCRP-a and H-FABP-a. Revidirani
Lee indeks je odre|ivan pomo}u prethodno uzetih podataka
o pacijentu.
Rezultati: Nivoi survivina (BIRC5) u serumu su bili vi{i kod
preminulih pacijenata (P<0,05). Survivin (BIRC5) je po -
kazao AUC=0,807 (95% CI, P<0,0005, 0,698–0,917),
ve}i u pore|enju sa H-FABP i revidiranim Lee indeksom.
Tako|e je pove}avao predikciju mortaliteta kada se koristio
u kombinaciji sa oba biomarkera i revidiranim Lee indek-
som. Odre|ena je cut-off vrednost od 4 pg/mL. Ukupno
92,86% preminulih pacijenata je imalo povi{ene nivoe sur-
vivina (BIRC5) (P=0,005) u serumu.
Zaklju~ak: Survivin (BIRC5) je potencijalni sr~ani biomarker
~ak i kod starijih pacijenata bez prisustva tumora, me|utim
ne mo`e se koristiti nezavisno. Potrebne su dalje studije sa
ve}im brojem pacijenata. 

Klju~ne re~i: survivin, sr~ani morbiditet: pre-operativni
faktori, osetljivost, specifi~nost, peri-operativni risk za MI
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non-cardiac surgery (abdominal, orthopedic,
endocrine and thoracic surgery), general anesthesia,
an age >55 years and at least one of the selected car-
diovascular risk factors (hypertension, diabetes melli-
tus, hyperlipidemia, smoking and positive family his-
tory for heart disease). Exclusion criteria were
emergency surgical procedures and inability to under-
stand and sign an in formed consent. Postoperative
cardiac complications were defined as one of the fol-
lowing: hypertension, arrhythmias, myocardial infarc-
tion and heart failure. Cause of mortality has been
considered only if it was the consequence of one of
the postoperative cardiovascular complications, and it
manifested as cardiac arrest. The duration of the fol-
low-up was specified as the primary endpoint, which
is the in-hospital all-cause mortality and secondary
endpoint, which is total hospital stay. All patients
included in the study signed the informed consent.
This study was approved by the local ethics commit-
tee of center in which it was conducted.

Surgical procedures

Patients who were included in the study were
being prepared for one of the non-cardiac procedures
in general anesthesia. Surgical procedures were per-
formed according to clinical standards of our institu-
tion. The largest number of operations belonged to
abdominal and orthopedic surgeries with a small
number of thoracic (4) and endocrine (1) surgeries.

Revised cardiac index (Lee index)

We calculated the Lee index for each patient
individually using interactive web calculator, available
at https://www.mdcalc.com/revised-cardiac-risk-
index-pre-operative-risk. Briefly, the following param-
eters were being entered: a high-risk surgery
(intraperitoneal, intrathoracic), history of ischemic
heart disease, history of congestive heart failure, his-
tory of cerebrovascular disease, insulin-dependent
diabetes mellitus, preoperative creatinine > 176.8
mmol/L.

Laboratory assessment

Blood sampling was performed within 7 days
prior to surgery from the antecubital vein into serum
Vacutainer tubes without additives. After centrifuga-
tion, the serum was separated and frozen at -70 °C
until analyzes. Analyzes were done after collecting all
the samples in the Scientific Research Center for
Biomedicine, Medical School, University in Ni{ and in
the Center for Medical Biochemistry, Clinical Center
in Ni{. Researchers in these institutions were not
aware of any of the patient’s identity and pathology.

Survivin (BIRC5) in serum was determined by
Enzyme-linked immunosorbent assay (ELISA) method

which implies a quantitative sandwich enzyme
immunoassay technique. The kit we used was
Quantikine Human Survivin ELISA Kit, R & D
Systems, Minneapolis, MM, USA (DSVOO), and it
was commercially available. After implementation of
the protocol recommended by the manufacturers,
optical density was read on DIAREADER Elx800G
(DIALAB, Austria). Results were then calculated from
a standard curve which was constructed from the
parametric logistic curve and were presented in
pg/mL.

hsCRP was measured by latex-anhanced turbidi-
metric immunoassay (CRP Latex, and Beckmann
Coulter, Nyon, Switzerland) on the AU480 biochemi-
cal analyzer (Beckman Coulter and International SA,
Nyon, Switzerland). Assay range was 0.2–160 mg/L.
H-FABP was measured by immunoturbidimetric
method (HFABP, Reagents Randox, Crumlin, UK).
Assay range was 0.747–120 ng/mL.

Statistics

All the results related to continuous variables are
expressed as median with inter quartile range. In
order to evaluate the difference between the two
groups the T-test for independent samples was used,
and if the groups were inhomogeneous the Mann-
Whitney U test was used. Receiver operating charac-
teristic (ROC) curves were constructed to evaluate the
effectiveness of survivin (BIRC5) compared to the
other two biomarkers and revised Lee index as a pre-
dictor of mortality. The area under the curve (AUC)
and the most appropriate cut-off value for survivin
(BIRC5) were determined. In order to assess interac-
tion between variables binary logistic regression
model has been performed. P value below 0.05 was
considered a statistically significant result. All results
were statistically processed in the program SPSS 10.0
(Statistical Package for the Social Sciences, Chicago,
IL, USA) for Windows.

Results

The study included a total of 78 patients whose
main characteristics are presented in Table I. A total
of 72 patients (92.31%) belonged to the group of
elderly patients (>65 years according the definition of
the World Health Organization). Accurate data
regarding the age of patients are presented in the
Table II. A Lee index of 1 was present in the majority
of patients, 37 (47.43%), of 2 in 14 (17.95%)
patients and 3 in 11 (14.10%) patients. Most
patients had two or more cardiovascular risk factors
(73.08%) while 79.49% of patients were taking some
type of cardiovascular therapy.

During the stay on the Surgery department a
total of 14 patients (17.95%) have died, of which 13
(92.86%) were subjected to one of extensive abdom-
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Table I Basic characteristics of patients involved in our study. Values are number (n), percent (%) and median (IQR range). 

* BMI; Body mass index; **CAD; coronary artery disease

All patients Survivors Deceased
P-value 

survivors 
vs. deceased

n (%) 78 64 (82.05) 14 (17.95)

Female gender, n (%) 41 (52.56) 33 (51.56) 8 (57.14) P=0.709

Age AM±SD 71.35±6.89 70.57±6.67 74.86±6.97 P=0.034

BMI* median (IQR) 25.35 
(22.97–28.15)

25.90 
(23.10–28.67)

24.05 
(22.50–25.47) P=0.146

CAD**, n (%) 25 (32.05) 18 (28.12) 7 (50) P=0.115

Dyspnoea (NYHA II-IV), n (%) 60 (76.92) 47 (73.43) 13 (92.86) P=0.061

Angina pectoris (CCS) (II-IV), 
n (%) 23 (29.49) 16 (25) 7 (50) P=0.195

Atrial fibrillation, n (%) 10 (12.82) 8 (12.5) 2 (14.29) P=0.859

Diabetes mellitus, n (%) 23 (29.49) 20 (31.25) 3 (21.43) P=0.472

Insulin dependent, n (%) 6 (7.69) 6 (9.37) 0 (0) P=0.236

Hypertension, n (%) 61 (78.20) 51 (79.69) 10 (71.43) P=0.504

Hyperlipidemia, n (%) 13 (16.67) 12 (18.75) 1 (7.14) P=0.294

Active smoker, n (%) 12 (15.38) 11 (17.19) 1 (7.14) P=0.349

Malignancy, n (%) 44 (56.41) 34 (53.12) 10 (71.43) P=0.211

Aspirin/clopidogrel, n (%) 23 (29.49) 17 (26.56) 6 (42.86) P=0.065

Beta-blocker, n (%) 41 (52.56) 34 (53.12) 7 (50) P=0.835

ACE-inhibitor/AT-antagonist 45 (57.69) 37 (57.81) 8 (57.14) P=0.964

Diuretics, n (%) 13 (16.67) 10 (15.62) 3 (27.43) P=0.495

Nitrates, n (%) 8 (10.26) 7 (10.94) 1 (7.14) P=0.676

OAT 8 (10.26) 6 (9.37) 2 (14.28) P=0.589

HSS/Clopidogrel 16 (20.51) 10 (15.62) 6 (42.86) P=0.023

Lee index     
0 n (%)     
1     
2     
≥3

16 (20.51)
37 (47.43)
14 (17.95)
11 (14.10)

15 (23.44)
31 (48.43)1

2 (18.75)
6 (9.37)

1 (7.14)
6 (42.86)
2 (14.29)
5 (35.71)

P=0.028
P=0.174
P=0.709
P=0.698
P=0.011

Hgb (g/L) median (IQR) 119 
(108.7–130.0)

119 
(107.2–129.0)

121 
(113.5–134.7) P=0.249

Creatinine (g/L) median (IQR) 0.0102
(0.0084–0.0119)

0.0103 
(0.0085–0.0120)

0.01
(0.0083–0.0116) P=0.787

Survivin (pg/mL) median (IQR) 4.56 (0.11–9.28) 2.33 (0.11–6.78) 9.55 (6.22–21.22) P=0.020

H-FABP (mg/L) median (IQR) 7.32 (4.35–10.80) 6.63 (4.12–8.73) 11.95 (7.18–16.70) P=0.001

hsCRP (mg/L) median (IQR) 11.35 (2.83–35.20) 7.10 (2.29–22.16) 68.13 (25.07–114.62) P=0.0001

Survivin  >4.00 pg/mL, n % 40 (51.28) 27 (42.19) 13 (92.86) P=0.001
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inal surgeries and 1 (7.14%) patient was subjected to
extensive orthopedic procedure (Table III). All the
deceased patients belonged to the age group >65
years (Table II). Of the total number of deceased
patients 7 (50%) had some form of coronary artery
disease, 11 (78.57%) had two or more cardiovascular
risk factors, while 12 (85.71%) were taking a cardio-
vascular therapy. The average number of days spent
in the intensive care was 10 ± 7 days. Average num-
ber of postoperative days until the final excites was 10
± 6 dana. 

Patients who deceased were older, had preoper-
ative dyspnea, were taking HSS/Clopidogrel therapy,
had higher Lee score (P <0.05 for the score 3), had
survivin (BIRC5)> 4:00 pg/mL, higher value of H-
FABP and hsCRP.

For the entire population median hsCRP was
11.35 mg/L, H-FABP 7.32 mg/L and survivin (BIRC5)
4.56 pg/mL. All the three biomarkers had higher val-
ues in the deceased patients when compared to those
who survived. None of the biomarkers had statistical

Table II Frequency distribution of the age of all the included patients and deceased patients only. Values are number (n) and per-
cent (%).

Table III Type of surgery and mortality. The distribution of different surgical procedures for patients and deceased patients; The
number and percentage of deceased patients who had surviving (BIRC5) levels in serum above and below the cut-off value. Values
are number (n) and percent (%).

Age 50–54 55–59 60–64 65–69 70–74 75–79 80–84 85–89

Number of
patients, n (%) 2 (2.56) 1 (1.28) 3 (3.85) 24 (30.77) 23 (29.49) 17  (21.79) 6 (7.69) 2 (2.56)

Deceased, n (%) 0 (0) 0 (0) 0 (0) 3 (21.43) 3 (21.43) 5 (35.71) 2 (14.29) 1 (7.14)

Deaths n (%)

n (%) Total Survivin 
(BIRC5)>4

Survivin 
(BIRC5) 4

Abdominal 48 (61.54) 13 (27.08) 12/26 (46.15) 1/22 (4.54)

Orthopedy 25 (32.05) 1 (4) 1/9 (11.11) 0/16 (0)

Figure 1 ROC curve of survivin (BIRC5), hsCRP, H-FABP and
the revised Lee index in relation to postoperative mortality. 
H-FABP: AUC=0.758 (95% CI, P<0.005, 0.607–0.909);
Survivin (BIRC5): AUC=0.807 (95% CI, P<0.0005, 0.698–
0.917); hsCRP: AUC=0.883 (95% CI, P<0.0005, 0.797–
0.969); Revised Lee score: AUC=0.666 (95% CI, P>0.05,
0.507–0.826)

Figure 2 ROC curve showing combination of survivin
(BIRC5) with other predictors.
Survivin (BIRC5) and hsCRP, AUC=0.896 (95% CI; P<0.0005;
0.815–0.977); Survivin (BIRC5) and H-FABP, AUC=0.857 (95%
CI, P<0.0005, 0.772–0.942); Survivin (BIRC5) and revised Lee
score, AUC=0.814 (95% CI, P<0.0005, 0.690–0.939) 
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significance when it comes to preoperative cardiovas-
cular comorbidities.

ROC curves for all three biomarkers as predic-
tors of intrahospital mortality showed significant AUC
(Figure 1). The highest AUC was of hsCRP, AUC =
0.883, while survivin (BIRC5) showed AUC = 0.807,
greater than both H-FABP and revised Lee index.
Survivin (BIRC5) in combination with the other two
biomarkers and revised Lee score showed that sur-
vivin (BIRC5) increases the mortality prediction of
both biomarkers and revised Lee score (Figure 2).
The model of hsCRP and HFABP were statistically sig-
nificant, with respectively 2=21.285, P<0.0005
and 2=10.477, P<0.005. The models explained
39.2% and 20.6% of the variance and correctly clas-
sified 82.1% and 84.6% of cases. Patients with higher
hsCRP and HFABP had a higher chance for postoper-
ative mortality. Addition of survivin (BIRC5) main-
tained the statistical significance of both models, with
respectively 2=23.803, P<0.0005 and 2=17.125,
P<0.0005, correct classification of 88.5% and
85.9% of the patients and explanation of 43.1% and
32.3% of the variance.

Since there is no clinically accepted cut-off value
for survivin (BIRC5) we determined the most appro-
priate, which was 4 pg/mL. Of the total number of
patients, 40 (51.28%) had a value of survivin (BIRC5)
> 4 pg/mL. Thirteen patients (92.86% of the total
number of deceased patients) belonged to this group
of patients, with P<0.005.

When it comes to malignancy, a total of 44
(56.41%) of our patients had some form of malignan-
cy. In order to prove that the presence of tumor does
not affect the significance of survivin (BIRC5) as a
cardiac biomarker we divided the patients into two

groups, patients with and without tumor. In the group
of patients with tumor, value of survivin (BIRC5)
showed P>0.05 in the prediction of postoperative
mortality, AUC=0.782 (95% CI, P=0.007, 0.639–
0.928), with the cut-off value 6.22 pg/mL. In the
group of patients without tumor value of survivin
(BIRC5) showed P<0.05, AUC=0.825 (95% CI,
P<0.05, 0.629–1.000), with the cut-off value 4
pg/mL (Figure 3).

Discussion

The aim of this pilot study was to examine the
independent and additive value of survivin (BIRC5) in
identifying the patients who are at a high risk to devel-
op cardiac postoperative complications. The key find-
ing of our study is that survivin (BIRC5) as an already
confirmed tumor and autoimmune biomarker has an
important prediction when it comes to postoperative
mortality. It also has an important additive value to
already confirmed biomarkers (hsCRP and H-FABP)
and revised Lee score. The most important thing is
that when it comes to the prediction of postoperative
mortality survivin (BIRC5) is independent of the pres-
ence of tumor.

Cardiovascular complications after non-cardiac
surgeries represent a major cause of postoperative
morbidity and mortality. Every anesthesiologist and
surgeon would have to ask themselves the following
questions: what is the risk of developing cardiovascu-
lar complications and mortality and how can that be
alleviated or prevented? There is the fact that it is
pretty challenging to distinguish between changes in
physiology caused by aging and certain diseases that
are very common in elderly. Elderly patients are

Figure 3 Comparative review of ROC curves in patients with and without malignancy.
A) ROC curve that describes the relationship of survivin (BIRC5) value and death in the group of patients with some type of malignancy.
AUC=0.782. B) ROC curve that describes the relationship of survivin (BIRC5) and death in the group of patients without malignancy.
AUC=0.825.



extremely sensitive and therefore must be assessed
preoperatively with high caution and must be
informed about possible risks (14). 

The high mortality rate (17.95%) in our study
can be partly explained by the fact that the patients
included in our study belonged to old age (71.35 ±
6.89 years, P<0.05), that the study group is relatively
small, that there was a great number of co-morbidi-
ties and that extensive non-cardiac surgeries carry a
particularly high risk. All the deceased patients
belonged to the group of patients over 65 years, while
the highest percentage (35.71%) belonged to the
group of 75–79 years. All of the patients who died
were subjected to abdominal (92.86%), mostly radi-
cal, resections and orthopedic procedures (7.14%). 

High mortality rate can also be explained by the
fact that cancer incidence and mortality rate in Serbia
have been increased since the year of 1999, and that
mortality rate in people above 65 years of age is signif-
icantly higher than in other European countries. Elderly
who live in rural areas have low monthly income, are
separated from their family members and do not have
an easy access to health care providers (15, 16).

Tzeng et al. (17) indicated that reduced physio-
logical reserve of elderly patients leads to far greater
risk of death after serious complications, and must
therefore be assessed with a far greater caution con-
sidering their age and comorbidities +. Age cannot
be considered as an individual risk factor but only in
combination with comorbidities and the type of oper-
ation (18, 19). The only case when age can be con-
sidered as an independent risk factor is after 90 years
of age (20). Lees et al. have conducted their research
on 257 patients with the mean age of 72 years, with
a conclusion that the degree of intrahospital mortality
is as high as 12% and that mortality is associated with
higher ASA class and more intrahospital complica-
tions (21). Hernandez et al. (22) have noted a mor-
tality rate of 18.3% in a sample of patients with severe
cardiovascular comorbidities. Both of these studies
are in accordance with our results.

Although several clinical risk scores had been
developed, currently the most commonly used in prac-
tice is the revised Lee score. The revised Lee score can
be calculated by assessing six clinical and easily avail-
able patient data, based on which we get the results
from 0 to 6 points (4). Several studies showed that Lee
score is a useful tool for preoperative treatment of
patients as well as that its great advantage is that it uses
easily available patient data (23, 24). Our study
showed that it is possible to distinguish patients who
are at increased risk with the use of the revised Lee
score, but the AUC showed only 0.666. Several studies
have correlated with this result (25, 26).

The possibility to use H-FABP in clinical practice
has already been confirmed (27). It is believed that
elevated levels of this biomarker are associated with
the risk of cardiovascular events and the occurrence

of heart failure and death in the first 10 months after
acute coronary syndrome (28). It is even considered
more sensitive than hs-cTnT, cTnT, myoglobin, and
CK-MB in some cases (29, 30). H-FABP has an
important additive value to other predictive parame-
ters and it has a significant role in the palette of car-
diac biomarkers, however it is believed that there are
more specific biomarkers which can be used in prac-
tice (27, 31, 32). This correlates with our findings
since H-FABP showed lower AUC when compared to
hsCRP and survivin (BIRC5).

Biomarker hsCRP had previously been confirmed
as a predictor of morbidity and mortality, especially
when combined with other cardiac biomarkers and
clinical risk predictors (33). It may be used as an inde-
pendent biomarker for cardiac complications, however,
it is considered that it is most efficient when combined
with NT-proBNP and TnI I (34). Our study points to the
extremely high sensitivity and specificity of hsCRP with
AUC=0.883, which is consistent with previous studies.

Correlation of survivin (BIRC5) levels and devel-
opment of cardiac complications has not yet been
studied. Survivin (BIRC5) participates in the process
of angiogenesis by interacting with vascular endothe-
lial growth factor VEGF (35). A positive feedback,
which connects the expression of survivin (BIRC5)
with the PI3K/Akt increased expression of b-catenin-
Tcf/Lef, which is then followed by secretion of VEGF
and final angiogenesis, has been proven (36). It is
believed that survivin (BIRC5) is under the regulation
of VEGF in the process of angiogenesis (37). In the
first 24 hours after the occurrence of myocardial
infarction significant changes in VEGF receptor sFlt-1
level may be expected but not changes in the level of
VEGF itself, while significant changes in the levels of
both molecules occur in patients with chronic myocar-
dial infarction (38). This showed that the expression
of survivin (BIRC5) persists longer, and that it can be
used in preoperative diagnosis and prognosis of myo -
cardial damage even if it did not happen recently.

Santini et al. (39) showed that survivin (BIRC5)
is expressed in myocytes located in the peri-infarct
zone in a far higher percentage in deceased patients
than in controls, by immunohistochemistry. It is
believed that myocardial expression of survivin
(BIRC5) is associated with the cell survival in a surveil-
lance infarction zone as well as that it can indicate a
better remodeling after AMI. Ho et al. (40) have
shown that survivin (BIRC5) directly affects the prolif-
eration of Nkx2.5+ population of cardiomyoblasts
and increases the viability of cultured cardiomyocytes.
Survivin (BIRC5) possess potentially cytoprotective
effects when it comes to doxorubicin-induced apopto-
sis of cardiomyocytes (41). All of this has identified
survivin (BIRC5) as a new potential target protein in
the treatment of post-infarction preservation and
remodeling and as a novel potential cardiac biomark-
er (39).

116 Markovi} et al.: Survivin (BIRC5) as a prognostic tool in elderly patients



It has previously been proved that the detection
of survivin (BIRC5) in cell culture supernatant is pos-
sible after its transduction in the culture of mice car-
dio myoblasts in vitro, which proves that it can be
detected in the serum of patients after an increased
expression in myocardial tissue (42). Therefore, we
have examined the level of survivin (BIRC5) in the
serum of patients.

The level of survivin (BIRC5) showed a statisti-
cally significant difference between the group of
deceased patients and the group of patients who sur-
vived. ROC-AUC has proved that survivin (BIRC5) can
be used as a useful biomarker (cut-off value 4.00
pg/mL) in preoperative prediction of mortality with
high sensitivity and specificity. After application of cut-
off value, we found that survivin (BIRC5) is increased
in half (51.28%) of patients. In deceased patients ele-
vated levels of survivin (BIRC5) were found in 92.85%
of cases (P=0.005). Clinical application of survivin
(BIRC5) is still uncertain, since a greater number of
patients is needed.

Addition of survivin (BIRC5) to other predictors
has been assessed with hierarchical binary logistic
regression and it proved to be significant in the case of
H-FABP and revised Lee score (addition to model sig-
nificance and increase in AUC). Only AUC value of
hsCRP does not change significantly (0.013), which
supports the results of other studies that hsCRP can be
used independently. Other studies have also confirmed
the dependence of revised Lee score and H-FABP and
necessity to add other non-invasive method of assess-
ment with the aim of precise identification of patients
in increased risk (26). Roshanov et al. (43) have
launched the so-called VISION study in January 2017.
with the aim of anew revision of Lee score since esti-
mated level of glomerular filtration is considered to be
a more appropriate parameter for the assessment of
renal function than the level of serum creatinine.

We have found the data of survivin (BIRC5)
being present in the endometrium of women during
normal menstrual cycle, namely during the secretory
phase (43). We believe that our results are not com-
promised by this since the average age of the women
in our study was 71.36 ± 6.35 (53-87) years.

Survivin (BIRC5) is overexpressed in the majority
of malignant cells but not in normal differentiated tis-
sues (13, 44). For this reason, we have divided the
patients into two groups: group of patients with and
without the presence of a tumor. After comparing the
mortality of patients with a value of survivin (BIRC5)
in both groups, statistical significance was observed
only in the group of patients without tumor. The area
under the ROC curve has also shown that survivin
(BIRC5) is a better predictor of mortality in the same
group (AUC=0.825) with a cut-off value of 4 pg/mL
and a very high sensitivity. It is evident that the limit
values   were higher in the group with tumor than in
controls in previous studies, therefore we hope that

future studies will demonstrate that lower levels of
survivin (BIRC5) in serum indicate the likely absence
of tumor. Levels of survivin (BIRC5) in serum in our
study are in accordance with other studies (45, 46).

Most of our patients had colorectal carcinoma
and expression of survivin (BIRC5) in tissues of these
patients has already been confirmed by previous stud-
ies. With a specificity that normal, healthy tissues did
not express this protein at all (47, 48). Many other
studies in patients with tumors of different locations
also confirmed elevated survivin (BIRC5) levels in
patients’ serum (46, 49). In the study by Goricar et al.
(46) surviving showed level od 4.1 pg/mL at diagnosis,
but patients with progressive disease had significantly
higher surviving levels before chemotherapy which is in
accordance to our results. Other study has also con-
firmed that surviving level in the advanced stage of dif-
ferent carcinoma locations hits higher levels (49–51).
These deviations in serum levels can be explained by
the fact that there are many specificities about tumors
that can affect the serum levels of this protein.

There is a strong association between survivin
(BIRC5) expression and perineural invasion, venous
invasion and lymph nodes status, but not with the
tumor size, age, gender, or tumor location (52, 53).
Survivin (BIRC5) levels were also found to be higher in
muscle-invasive tumors than in non-muscle invasive
tumors and in poorly differentiated tumors than in
moderately differentiated tumors (54). The median
overall survival of patients with normal survivin (BIRC5)
serum levels (control group) has been to be longer that
that of elevated serum surviving (BIRC5) group (53). 

Certainly, we suggest that the survivin (BIRC5)
should not be used as an independent biomarker since
its specificity for tumor and autoimmune diseases is
strong. It should be used only in combination with
highly specific cardiac biomarkers or as a part of the
cardiac palette since it has a strong additive ability.

We have to point out that this is only a pilot
study and that more extensive studies are needed in
order to determine the specificity and sensitivity of
survivin (BIRC5) and its cut-off value. However, we do
consider this study significant for the fact that we have
proved for the first time the relationship between the
value of survivin (BIRC5) in the serum of patients and
the prediction of postoperative mortality as a result of
cardiovascular complications.
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