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Abstract

Introduction: Heparin-induced thrombocytopenia (HIT) is a 
potentially lethal complication of unfractionated or low-molecular 
weight heparin therapy. We aimed to determine the incidence and 
mortality rate of patients with positive heparin/platelet factor 4 
(PF4) antibodies, which is a rapid detection test of HIT.

Methods: Coronary artery bypass grafting and mitral and 
aortic valve surgeries were evaluated. Cardiopulmonary bypass 
was employed in all patients. The diagnosis of HIT was based 
on immunological assays. Postoperative complications, mortality 
rates, and the causes of death were specified in patients with 
positive heparin/PF4 antibodies.

Results: Postoperative thrombocytopenia was detected in 257 
patients. Twenty of these patients undergoing open heart surgery 
were included in the final analysis. Antibodies against heparin/PF4 
complex were positive in 20 patients. The mean body mass index 

was 28.8±2.3 kg/m², mean value of left ventricular ejection fraction 
was 48.3±6.7%, cardiopulmonary bypass time was 113.0±35.0 min, 
aortic cross-clamping time was 88.0±32.7 min, mean intensive 
care unit length of stay was 10.9±4.9 days, mean preoperative 
platelet count was 307.250±88528 platelets/microliter, and mean 
postoperative platelet count was 243.050±89.354 platelets/
microliter. The mean duration of heparin exposure was 6.9±2.9 
days. The mortality rate was 45% (nine patients) and 1.2% (three 
patients) in heparin/PF4 complex positive and negative patients, 
respectively.

Conclusion: Although the incidence of HIT was low in patients 
undergoing open heart surgery, an increased rate of early mortality 
was observed in patients with positive heparin/PF4 antibodies.
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Abbreviations, acronyms & symbols

BMI
CPB
EF
FFP
HIT
ICU
LMWH
MOF
PF4
PLT
RBC
SD
UFH

 = Body mass index
 = Cardiopulmonary bypass
 = Ejection fraction
 = Fresh frozen plasma
 = Heparin-induced thrombocytopenia
 = Intensive care unit
 = Low-molecular weight heparin
 = Multiple organ failure
 = Platelet factor 4
 = Platelet
 = Red blood cell
 = Standard deviation
 = Unfractionated heparin

INTRODUCTION

The management of the cardiac patients suspected of having 
heparin-induced thrombocytopenia (HIT) may be challenging 
due to a number of reasons. The functional assay which is used 
to diagnose the disorder is not only expensive, but also time-
consuming. However, heparin should be urgently discontinued 
in such patients. It is also necessary to decide within a few hours 
whether an alternative anticoagulant agent will be started or 
not. Whereas delayed discontinuation of heparin can be life-
threatening for patients with HIT, several risks may arise from the 
use of alternative anticoagulants in patients without HIT[1].

Related with the duration of heparin exposure, HIT occurs 
in about 0.1-5% of patients[2]. The development of HIT carries 
greater risks in patients who require cardiac surgery compared 
to other patient populations. It has been documented that the 
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count was defined as: either a drop of 50% from the initial level 
or an absolute count of < 80.000 mm3; (2) no other apparent 
cause of thrombocytopenia; (3) positive anti-PF4 antibodies; and 
(4) recovery of the platelet count after the discontinuation of 
heparin treatment.

Clinical suspicion of HIT was based on postoperative 
thrombocytopenia, positive anti-PF4 antibodies, and/or the 
occurrence of a thrombotic event. The other possible causes 
of thrombocytopenia were excluded (e.g., intra-aortic balloon 
pump, severe disseminated intravascular coagulation, and non-
heparin medication). Based on this clinical suspicion, anti-PF4 
antibodies were then systematically determined. An alternative 
anticoagulant therapy of fondaparinux (Arixtra®) was started, and 
UFH or LMWH was stopped.

The variables including the duration of heparin therapy, 
CPB time, aortic cross-clamping time, duration of postoperative 
mechanical ventilation, and intensive care unit length of stay 
were determined and the Spearman’s correlation analysis 
was performed to determine whether or not these variables 
were correlated with each other. Furthermore, postoperative 
complications, mortality rates, and the causes of death were 
specified. Potential correlations between the exposure to heparin 
and a number of variables, including transfusion volumes of red 

risk for postoperative pneumonia or acute renal injury is twofold 
higher in patients requiring cardiac surgery, whereas the risk for 
thromboembolic complications is several times higher[3-5]. Because 
of a hypercoagulable state, the mortality rate may rise up to 5%-
10%[6]. Although the risk of arterial thrombosis has been reported 
to be greater than the risk of venous thrombosis in cardiac surgery 
patients, unfractionated heparin (UFH) is associated with a five to 
10 times higher risk of HIT compared to low-molecular weight 
heparin (LMWH)[7]. In addition, HIT generates nearly a 50% higher 
risk for in-hospital deaths in surgical patients[8].

The aim of this study was to determine the rate of mortality 
and morbidity and the incidence of patients with positive 
heparin/platelet factor 4 (PF4) antibodies undergoing open 
heart surgery in early postoperative period.

METHODS

Patients undergoing elective cardiac surgery between 
January 2014 and December 2016 were included. The data of 
1583 patients were assessed for eligibility. Valve surgery and 
coronary artery bypass grafting were evaluated (Figure 1). 
Cardiopulmonary bypass (CPB) was employed in all patients. HIT 
was considered when all the following criteria met: (1) a platelet 

Fıg. 1 – Flow diagram of the study. PF4=platelet factor 4.
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blood cell concentrates, volume of fresh frozen plasma, and 
platelet volume, were investigated.

The study was performed in accordance with the Helsinki 
Declaration and approved by the Ethics Committee of Istanbul 
Demiroglu Bilim University. In addition, written informed consent 
was obtained from all study patients.

Statistical Analysis

Descriptive statistics were summarized as mean, median, 
minimum, maximum, frequency, ratio, and standard deviation. 
The distribution of the variables was analyzed using the 
Kolmogorov-Smirnov test. The Mann-Whitney U test was used to 
investigate qualitative data. In addition, repeated measurements 
were analyzed using the Wilcoxon test. The Spearman’s 
correlation analysis was used to examine correlation between 
the variables. Study data was processed using the IBM Corp. 
Released 2013, IBM SPSS Statistics for Windows, Version 22.0, 
Armonk, NY: IBM Corp.

RESULTS

The data of 1583 patients were analyzed. Postoperative 
thrombocytopenia was detected in 257 patients who underwent 
open heart surgery. Antibodies against heparin/PF4 complex 
were positive in 20 patients. The mean ejection fraction was 47.5% 

(48.3±6.7%), mean CPB time was 110 min (113.0±35.0 min), mean 
cross-clamping time was 82.5 min (88.0±32.7 min), and mean 
intensive care unit length of stay was 10 days (10.9±4.9 days).

We compared the demographic characteristics of PF4+ and 
PF4- patients. There were no significant differences between 
the patients regarding their demographic characteristics and 
ejection fraction values (Table 1). The duration of mechanical 
ventilation was significantly longer in PF4+ patients: 9.95±5.23 
hours vs. 6.59±1.41 hours in PF4+ and PF4- patients, respectively 
(P=0.001, Table 2). The ıntensive care unit length of stay was 
significantly longer in PF4+ patients: 10.85±4.92 days vs. 
1.24±0.42 days in PF4+ and PF4- patients, respectively (P=0.001, 
Table 2). The CPB time and the cross-clamping time did not differ 
between patients.

The amount of decrease in platelet was significantly higher 
in PF4+ patients: 246±91.69/mm3 vs. 65.24±40.99/mm3 in 
PF4+ and PF4- patients, respectively (P=0.001, Table 3). The 
consumption rate of erythrocytes suspension was not different 
in groups. Perioperative fresh frozen plasma transfusion amount 
was significantly higher in PF4+ patients (6.9±4.19 units, P=0.001, 
Table 3). Perioperative platelet transfusion rate was also higher in 
this group (6.8±4.87).

Among PF4+ patients, a total of eleven patients developed 
complications (Table 4). Out of these eleven patients, four 
patients developed atrial fibrillation, and thus, received heparin 

Table 1. Comparison between demographics of PF4+ and PF4- patients.

PF4+
(n=20)

PF4-
(n=237)

P-value

Sex
Female 11 (55%) 75 (31.6%)

0.039*
Male 9 (45%) 162 (68.4%)

Age (years) 67.55±5.84 (66.5) 63.9±11.6 (65) 0.171

BMI 28.8±2.31 (28.2) 26.56±1.89 (26) 0.001*

EF 48.3±6.69 (47.5) 50.38±4.85 (50) 0.090

*P<0.05 is the statistically significant value between groups
BMI=body mass ındex; EF=ejection fraction; PF4=platelet factor 4

Table 2. Comparison between outcomes of PF4+ and PF4- patients.

PF4+
(n=20)

PF4-
(n=237)

P-value

Cardiopulmonary bypass time (min) 113.0±35.0 (110) 107.51±46.16 (90) 0.275

Cross-clamping time (min) 88.0±32.74 (82.5) 80.92±33.38 (80) 0.349

Duration of mechanical ventilation (h) 9.95±5.23 (9.5) 6.59±1.41 (6) 0.001*

Intensive care unit length of stay (days) 10.85±4.92 (10) 1.24±0.42 (1) 0.001*

*P<0.05 is the statistically significant value between groups
PF4=platelet factor 4
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Table 4. Demographics and other outcomes of PF4+ patients.

Parameters Min-max Median Mean±SD/n-%

Age (years) 57-77 66.5 67.6±5.8

Sex Female 11 (55.0%)

Male 9 (45.0%)

Body mass index 25-32.4 28.2 28.8±2.3

Ejection fraction (%) 39-60 47.5 48.3±6.7

Duration of cardiopulmonary bypass (min) 75-180 110 113.0±35.0

Duration of aortic cross-clamping (min) 50-155 82.5 88.0±32.7

Duration of mechanical ventilation (days) 1-25 9.5 10.0±5.2

ICU length of stay (days) 5-25 10 10.9±4.9

Preoperative blood product

Erythrocytes suspension (units) 0-6 2 2.2±1.8

Fresh frozen plasma (units) 0-8 2 2.7±3.1

Platelet (random units) 0-8 0 2.1±3.5

Postoperative blood product 

Erythrocytes suspension (units) 0-4 1 1.5±1.7

Fresh frozen plasma (units) 0-8 4 4.0±2.1

Platelet concentrates (random donor) 0-16 7 5.9±4.5

Platelet count (per mm3)

Preoperative period 165000-485000 300000 307250±88528

Postoperative period 98000-410000 233000 243050±89354

Amount of decrease 43000-85000 64500 64200±12177

Heparin exposure (days) 3-13 7 6.9±2.9

Complication No 9 (45.0%)

Yes 11 (55.0%)

Status Lived 11 (55.0%)

Died 9 (45.0%)

ICU=intensive care unit; PF4=platelet factor 4; SD=standard deviation

Table 3. Comparison between blood product consumption of PF4+ and PF4- patients.

PF4+
(n=20)

PF4-
(n=237)

P-value

Preoperative platelet count (per mm3) 307.25±88.53 (300) 235.89±67.49 (226) 0.001*

Amount of decrease in platelet (per mm3) 246±91.69 (233) 65.24±40.99 (61) 0.001*

Perioperative erythrocytes suspension (units) 3.75±2.69 (2.5) 2.69±2.39 (2) 0.242

Perioperative fresh frozen plasma transfusion (units) 6.9±4.19 (6) 1.78±1.77 (2) 0.001*

Perioperative platelet transfusion (units) 6.8±4.87 (8) 0.78±2.98 (0.0) 0.001*

*P<0.05 is the statistically significant value between groups
PF4=platelet factor 4
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Table 6. Factors related with heparin exposure.

Heparin exposure (days) Min-max Median Mean±SD P-value

Sex
Female 4-13 6 6.5±2.7 0.444

Male 3-12 8 7.3±3.2

Status
Lived 3-10 6 6.0±2.0 0.206

Died 3-13 8 7.9±3.5

Complication
No 3-13 8 7.9±3.5 0.206

Yes 3-10 6 6.0±2.0

Mann-Whitney U test
SD=standard deviation

Table 5. Preoperative and postoperative platelet count in patients with positive heparin/PF4 antibodies.

Platelet concentration (per mm3) Min-max Median Mean±SD P-value

Preoperative 165000-485000 300000 307250±88528 0.000

Postoperative 98000-410000 233000 243050±89354

Wilcoxon test
PF4=platelet factor 4; SD=standard deviation

Table 7. Correlation between duration of heparin treatment and other factors.

Age 
(years)

BMI 
EF 

(%)

Duration of 
CPB 

(min)

Duration of 
cross-clamping 

(min)

Duration of 
mechanical 
ventilation 

(days)

ICU length 
of stay 
(days)

Heparin exposure (days)
r 0.268 0.294 0.244 0.283 0.355 -0.004 0.000

p 0.253 0.209 0.300 0.227 0.124 0.987 0.999

Spearman’s correlation
BMI=body mass index; CPB=cardiopulmonary bypass; EF=ejection fraction; ICU=intensive care unit

therapy. Furthermore, two patients had hypoxia while another 
two patients developed multiple organ failure (MOF). Refractory 
hypotension and intra-aortic balloon pump placement, sepsis, 
and cardiac arrest were other complications observed in this study.

Out of 20 patients with positive heparin/PF4 antibodies, nine 
patients (45%) died. The causes of death were cardiac failure in two 
patients, hypotensive shock in two patients, and postoperative 
bleeding in another two patients. Hypoxemia, sepsis, and MOF 
were identified as the other causes that contributed to mortality.

In patients with positive heparin/PF4 antibodies, platelet 
counts significantly decreased during the postoperative period, 
compared to the preoperative period (P>0.05, Table 5). None of 
the patients developed venous or arterial thrombosis.

There were no significant differences between females and 
males regarding their heparin exposure (P>0.05). Moreover, 

the duration of heparin exposure did not show a significant 
difference between the patients who died and who stayed alive 
(P>0.05). In addition, there was no significant difference between 
the patients who developed complications and who did not 
regarding their heparin exposure (P>0.05, Table 6).

There was no significant (P>0.05) correlation between the 
duration of heparin exposure and age, body mass index, CPB 
time, cross-clamping time, duration of mechanical ventilation, 
and intensive care unit length of stay (Table 7).

Similarly, no significant correlations were found between the 
duration of heparin exposure and preoperative or postoperative 
use of blood products (P>0.05, Table 8). Also, there were no 
significant correlations between the duration of heparin 
exposure and the pre/postoperative platelet counts and the 
alteration in these values (P>0.05, Table 9).
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size, which forms the major limitation for drawing conclusions. 
If possible, patients who have a prior diagnosis of HIT should 
delay the surgery until they become negative for HIT antibodies. 
Relevant guidelines recommend the use of UFH over other 
anticoagulants during cardiac surgery for patients with a history 
of HIT who have become antibody-negative within the following 
100 days. Preoperative and postoperative anticoagulation, on 
the other hand, should be provided with an agent other than 
UFH or LMWH. There are studies reporting the use of lepirudin, 
bivalirudin, and danaparoid as alternative anticoagulant agents 
in cardiac surgery[17,18]. Whereas prophylactic use of danaparoid 
is not recommended in HIT patients, it can be administered at 
therapeutic doses. Also, therapeutic-dose fondaparinux is an 
acceptable alternative anticoagulant. The 2012 American College 
of Chest Physicians, or ACCP, guideline recommends the use of 
bivalirudin as an alternative anticoagulant for the cases of HIT 
where cardiac surgery — whether urgent or not — is required[19]. 
Nevertheless, the surgical team must be informed that the 
administration of bivalirudin causes coagulation of the blood 
accumulated in specific areas, such as pericardial sac. In patients 
with normal renal functions or abnormal hepatic functions, 
however, danaparoid or fondaparinux should be preferred (Level 
2C). Argatroban, bivalirudin, danaparoid, and lepirudin are the 
anticoagulants commonly used in patients with HIT. In this 
study, we discontinued heparin in the patients who had positive 
heparin/PF4 antibodies during the postoperative period and we 
started fondaparinux (Arixtra®) therapy. Fondaparinux increases 
the risk of bleeding and has a potential risk of causing epidural 
or spinal hematoma in patients undergoing neuraxial anesthesia. 
Fondaparinux has an anti-factor Xa activity and a prolonged 
activated partial thromboplastin time may occur at higher doses. 
However, postoperative bleeding resulted only in two patients 
out of 20 PF4(+) patients. Therefore, we could not explain this 
poor outcome just with the use of fondaparinux.

DISCUSSION

In this study, the overall mortality in patients with positive 
heparin/PF4 antibodies undergoing cardiac surgery at our 
medical center was 45% (n=20). The risk for this complication was 
also high in patients who had been in the low-risk group during 
the preoperative period and tested positive for PF4 antigen in 
the postoperative period.

The diagnosis of HIT may be challenging in patients 
undergoing open heart surgery. Patients undergoing CPB surgery 
receive large volumes of heparin infusion during this procedure, 
and their blood platelet counts can fall 30-50% within the first 
72 hours of the postoperative period[9]. Thrombocytopenia was 
also reported to occur following transcatheter valve-in-valve 
ımplantation and aortic valve replacement[10,11]. Besides drug-
induced thrombocytopenia, an extended platelet contact with 
artificial surfaces as a part of extracorporeal circulation is one 
of the major factors leading to low platelet counts[12,13]. For this 
reason, patients receiving oral anticoagulants were excluded 
from our study. Within the scope of the study, platelet counts 
were performed in all patients and a heparin/PF4 antibody 
test was performed in patients whose platelet counts were 
decreased significantly in the postoperative period. Patrick et 
al.[14] constructed a decision tree for the management of patients 
with HIT. They concluded that, in all thrombocytopenic critical 
care patients, the routine testing is not cost-effective. However, 
in the presence of risk factors, PF4 testing becomes reasonable.

In addition, blood platelet counts were repeated in the 7th 
postoperative day, since a secondary fall of ≥ 50% in platelet 
counts that might occur between the 5th and 10th postoperative 
days has been reported to be a potential predictor of HIT[15,16].

The risk for recurrent HIT appears to be high among patients 
who were previously diagnosed with HIT, and therefore, the use of 
heparin should be avoided in these patients. Nevertheless, there 
are only a few studies addressing the issue with small sample 

Table 8. Relation between heparin exposure and use of preoperative and postoperative blood.

Use of blood products

Preoperative 
RBC

Preoperative 
FFP

Preoperative 
PLT

Postoperative 
RBC

Postoperative 
FFP

Postoperative 
PLT

Heparin exposure (days)
r 0.377 0.306 0.316 0.038 0.087 0.035

p 0.101 0.190 0.174 0.875 0.716 0.884

FFP=fresh frozen plasma; PLT=platelet; RBC=red blood cell

Table 9. Correlation between heparin exposure and pre and postoperative platelet count.

Preoperative 
PLT

Postoperative 
PLT

PLT 
decrease

Heparin exposure (days)
r 0.040 0.050 0.021

p 0.868 0.833 0.929

PLT=platelet
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Limitations

Our analysis was based on thrombocytopenia as a quantitative 
value. We did not evaluate the duration of thrombocytopenia 
which can be an associate risk factor for HIT. This was the main 
limitation of this study.

CONCLUSION

In conclusion, according to HIT diagnosis criteria, we could 
not define HIT for all the 20 patients. Although the incidence 
of HIT was low in patients undergoing open heart surgery, an 
increased rate of early mortality was observed in patients with 
positive heparin/PF4 antibodies.

Guidelines recommend platelet count monitoring from 
the 4th to the 14th postoperative day in patients with a history 
of CPB who receive LMWH. While HIT is more prevalent among 
surgical patients as compared to medical patients, a two times 
higher incidence has been noted in female patients[20]. However, 
we did not find a significant difference between female and 
male patients regarding the incidence of positive heparin/PF4 
antibodies. In addition, HIT appears to be rare in patients aged 
< 40 years and a higher risk of HIT has been reported in older 
patient populations[21]. The average age of the patients with 
positive heparin/PF4 antibodies in our study was 66.5 years, 
which supports the evidences found in the literature.

Autoimmune anti-PF4/heparin antibodies developed in HIT 
activate platelets and may ultimately lead to arterial or venous 
thrombosis. The reported mortality rate for thrombosis is nearly 
20%[22]. However, various studies have reported different rates. 
In a study involving patients undergoing valvular heart surgery, 
the mortality rate was 1% in patients with HIT[23]. Pathak R et al.[24] 
noted that the risk ratio for the development of HIT after cardiac 
surgery was 0.53% and they stated that HIT was more common 
among female cardiac surgery patients. Moreover, the authors 
found a mortality rate of 9.63% in patients with HIT and the rate 
of patients with HIT accompanied by thrombosis was found to 
be 12.28%; however, the mortality rate among patients without 
HIT was only 2.19%.

Although none of our patients had a venous or arterial 
thrombosis, the overall mortality in 20 patients with positive 
anti-PF4/heparin antibodies was found to be 45%. The reason 
might be that we did not wait the development of thrombosis 
for the diagnosis of HIT and stopped heparin exposures as soon 
as an early suspicion of HIT occured. After the discontinuation 
of heparin therapy, we immediately started fondaparinux which, 
in our opinion, had a role in the prevention of thrombosis. 
Nevertheless, hypoxemia, MOF, sepsis, cardiac arrest, and 
postoperative bleeding were among the etiological and 
contributing factors of mortality, in our study. Even though 
thrombosis is the leading cause of death, this study indicated 
that factors other than thrombosis, such as postoperative 
bleeding, can lead to mortality, as well.

HIT is a rare but life-threatening complication in patients 
undergoing cardiac surgery. A high mortality rate has been 
reported in patients with HIT due to the development of 
venous or arterial thrombosis. However, it is possible to prevent 
thrombosis with early diagnosis. Particularly, platelet counts 
after the 5th postoperative day can be predictive even if the 
patient is asymptomatic. There are several other factors which 
can potentially contribute to mortality in HIT and which can be 
detected in the earlier stages. We need further studies with larger 
sample sizes to investigate these factors.

Patients undergoing cardiac surgery or CPB have an incidence 
of 20% to 50% of anti-PF4/heparin antibody formation[25]. In 
our study, we declared an incidence of 8% of anti-PF4/heparin 
antibody formation in thrombocytopenic surgical patients. 
Although the total count of PF4+ patients were low, the overall 
mortality rate was high. This result was unique for our study and 
revealed that the mortality rate increases significantly in patients 
with thrombocytopenia and positive PF4.
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