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Abstract
Objective: Patients undergo to cardiac surgery have more

probability to develop thrombocytopenia. The heparin
induced thrombocytopenia happens in 5% of the patients.
The aim from this study was to evaluate the clinical
importance from the severe thrombocytopenia in
postoperative cardiac surgical patients.

Methods: It was included cardiac surgical patients with
platelets < 150000 cel/mm3 during firsts 24 h from
postoperative. All patients underwent evaluation for four Ts
score (thrombocytopenia, use preview of heparin, thrombosis
and platelets decreased not related to heparin). In order to a
four Ts score ³ 6 was considered as suggestive of heparin
induced thrombocytopenia type II. The mortality rate in
intensive care(ICU) and hospital, length of stay, healthy
state and incidence from thrombosis were compared in
patients with score ³ 6 (group 1) and < 6 (group 2).

Results: It was include 120 patients who met the
inclusions criterions. There was no difference between the
groups in related to age, gender, time of cardiopulmonary
bypass and surgery. However, the incidence of thrombosis

was higher in group 1 (23% x 0%, P<0,0001), as well as the
greater score is related to higher hospital mortality rate.

Conclusion: The score ³ 6, in postoperative cardiac
surgical patients, it is associated to higher incidence of
thrombosis as well as the greater score is related to higher
hospital mortality rate.

Descriptors: Cardiovascular Surgical Procedures.
Prognosis. Thrombocytopenia.

Resumo
Objetivo: Pacientes submetidos à cirurgia cardíaca estão

mais propensos a desenvolver plaquetopenia. A
trombocitopenia induzida por heparina acomete cerca de
5% dos pacientes. O objetivo foi avaliar a importância clínica
da trombocitopenia grave em pacientes no pós-operatório de
cirurgia cardíaca.

Métodos: Estudo prospectivo observacional que incluiu
os pacientes de cirurgia cardíaca com plaquetas <150.000
cel/mm3, durante as primeiras 24 h do pós-operatório. Todos
os pacientes foram submetidos a avaliação pelo escore dos
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INTRODUCTION
 
Thrombocytopenia is a common problem in severe

patients, reaching 35% of high-risk surgical patients during
postoperative period and 23% of clinical patients, and 8%
of them need platelet transfusions [1,2]. Patients undergoing
cardiac surgery has a high probability of developing
thrombocytopenia, from 35% to 65% of the patients. A
recognized cause of thrombocytopenia, among many, is
the heparin-induced thrombocytopenia (HIT) that has two
types: I - caused by direct interaction between heparin and
platelets, with no immunologic etiology and appears very
early; II - caused by immune reaction mediated by
antibodies which react with the heparin-platelet factor 4
complex and, bind themselves to the platelets surface to
induce the important thrombocytopenias [3-5].

Despite the HIT type II adversely affect the prognosis
of patients [6-9], some studies show that it is a

underdiagnosed disease in medical practice, and even when
it is recognized, there is a delay in the suspension of heparin
[10]. This scenario may demonstrate the diagnosis difficulty
that combines clinical and laboratory criteria, even greater
difficulty in patients undergoing cardiac surgery with other
reasons to justify thrombocytopenia [60-10].

Considering the impact of this disease on patients
evolution and the cost it has for the health system [11,12], it
is pertinent to investigate whether the commonly used score
(4Ts [13.14] - Table 1) for the diagnosis would be sufficient
as initial prognostic assessment of patients undergoing
cardiac surgery who develop HIT, as well as the clinical
importance of thrombocytopenia in postoperative period of
cardiac surgery. Assim como, a importância clínica da
trombocitopenia em pós-operatório de cirurgia cardíaca.

Therefore, this study aims to evaluate the clinical
importance of thrombocytopenia in patients during the
postoperative period after cardiac surgery.

 

quatro “Ts” (trombocitopenia, uso de heparina prévia,
trombose e queda de plaquetas não relacionada à heparina)
e considerado como suspeita de trombocitopenia induzida
pela heparina tipo II um escore ³  6. A mortalidade na Unidade
de Terapia Intensiva (UTI) e hospitalar, o tempo de
internação, os escores de gravidade e a incidência de
tromboses foram comparados em pacientes com escore ³ 6
(grupo 1) e < 6 (grupo 2).

Resultados: Foram incluídos 120 pacientes divididos nos
dois grupos, não havendo diferença entre os mesmos com
relação a idade, prevalência do sexo, tempo de circulação

extracorpórea e de cirurgia. Contudo, a incidência de
trombose foi mais elevada nos pacientes do grupo 1 (23% vs.
0%, P<0,0001), assim como quanto maior o escore maior a
mortalidade hospitalar (P<0,001).

Conclusão: O escore ³ 6, em pacientes no pós-operatório
de cirurgia cardíaca, está associado a maior incidência de
trombose, assim como o maior escore está relacionado à
elevada mortalidade hospitalar.

Descritores: Procedimentos Cirúrgicos Cardíacos.
Prognóstico. Trombocitopenia.

Table 1 - Pre-testing scoring system for HIT: 4Ts
4Ts

Thrombocytopenia

Dropping placelets period

Thrombosis or other sequela

Another thrombocytopenia cause

2 points

50% drop or 20.000cel/mm³
drop

Between 5 and 10 days or £
 1 day if heparin exposure in
the last 30 days

Thrombosis (confirmed),
skin necrosis, or acute
systemic reaction after
heparin bolus

No evidence

0 point

drop less than 30%  or
drop less than
10.000cel/mm³

No recent use of
heparin

Absent

Defined

1 point

50% value drop or
19.000cel/mm³ drop

Before 10 days or
uncertain period or £  1
day if  heparin exposure
between 30-100 days

Progressive or recurrent
thrombosis, erythematous
skin lesion

Possible
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METHODS
 
This was a prospective observational cohort study in

adult patients in the postoperative period of cardiac surgery,
from December 2006 to December 2007, in the general ICU
at a tertiary hospital.

This is a specialized unit that monitors the critically ill,
clinical and surgical patients, consisting of 20 beds, with
residents providing care to hospitalized patients under the
supervision of physician assistants.

Once approved by the Research Ethics Committee of
this institution and with a signed informed consent, all
patients consecutively admitted to ICU for postoperative
care of cardiac surgery with extracorporeal circulation
(EC) and with value of platelets <150,000 cells/mm3, were
included in the study, dur ing the immediate
postoperative period (from admission until 6 am the day
after surgery).

During the intraoperative period, all patients underwent
heparinization with bovine heparin at a dose of 4 mg / kg of
body weight, as well as the oxygenators were all the same
brand and all of them operated with roller pumps.

All patients were evaluated with 4Ts score [13] to detect
suspected HIT II. Score ³ 6 was considered as suspected
HIT II [13].

The 4Ts score is defined as score 0-2 for each of the
following criteria: thrombocytopenia with falling platelet
counts more than 30% from baseline, onset time of falling
platelets after the use of heparin, the occurrence of
thrombosis and other causes of falling platelet counts
unrelated to heparin (Table 1) [13,14].

Patients younger than 18 years of age were excluded
from the study and all were followed-up until hospital
discharge or death.

The active searches for patients and data collection
were performed by physicians specially trained to control
possible errors. In order to standardize data collection,
the worst values  †of physiological and laboratory
variables were used for calculation of APACHE II (Acute
Physiology And Chronic Health Evaluation) [15], SOFA
(Sequential Organ Failure Assessment) [16] and MODS
(mult iple-organ dysfunction Syndrome) [17].
Researchers did not have any influence on patient
treatment.

Data were entered into an electronic database (Microsoft
Excel) and subsequently analyzed through a statistical
program (SPSS).

Demographic data were expressed as mean ± standard
deviation, median and interquartile range or as percentage.
All statistical tests were two-tailed and significance level
of 0.05 was used. Quantitative variables with normal
distribution were analyzed through parametric methods
(Student T), and qualitative variables with irregular

distribution via non-parametric tests (Chi-square, Fisher’s
exact and Mann Whitney tests).

This study had no external funding sources.
 
RESULTS
 
There were 120 patients who studied with platelet count

in the immediate postoperative period <150,000 cells/mm3,
and 59.2% of them were male, aged 63 ± 10 years.

The mean APACHE II, SOFA and MODS were
respectively 16.4 ± 4.8, 6.1 ± 2.4 and 6.7 ± 2.0. Hospital
mortality was 20.8%. (Table 2)

Coronary artery bypass graft was the most frequent
surgery with prevalence of 60.0% (Table 2). The 4Ts median
was 5 (4-6), 47.6% had scores greater than or equal to 6
(Figure 1).

Demographics data, mortality rates, thrombosis and ICU
stay were evaluated among patients with scores ³ 6 and <6
in the univariate analysis. (Table 3). There was significant
difference among the scores, SOFA and MODS variables,
platelet and thrombosis. Enquanto o tipo e tempo de cirurgia,
tempo de CEC não apresentaram diferença estatisticamente
significante entre os grupos.

Patients with higher 4Ts scores had greater hospital
mortality rates with significant difference (P <0.001).
(Figure 2).

 

Characteristics
63.0 ± 10.0

59.2
16.4 ± 4.8
6.1 ± 2.4
6.7 ± 2.0

101325.0 ± 34919.1
50.0

50.0

5.1 ± 1.3
1.4 ± 0.7

8.0 (1.0-15.0)

3.0 (2.0-5.0)
19.5 (9.2-32.0)

17.5
20.8

60
24
9
7

Table 2. Patients' Characteristics
Variables
Age (years)
Male (&)
APACHE II
SOFA
MODS
Platelets (cells/mm³)
Patients with unfractionated
heparin (%)
Patients with low molecular weight
heparin (%)
Surgical time (hours)
EC time (hours)
Hospitalization time before
surgery (days)
Length of ICU stay (days)
Length of  hospital stay (days)
Mortality rate at ICU(%)
Hospital mortality (%)
Frequency of surgery (%)
Coronary Artery Bypass
GraftValvular
Aneurysm
Mixed

EC - Extracorporeal circulation; ICU - Intensive care unit
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Table 3 - Comparison between groups: a score <6 and > 6 scores
Variables
Mortality rate at ICU(%)
Hospital mortality (%)
Age (years)
Male (&)
Female (%)
APACHE II
IPO SOFA
IPO SOFA
Surgical time (hours)
EC duration (hours)
Surgical time (hours)
Revascularization
Valve
Aneurysm
Mixed; valve and revascularization
Type of heparin (%)
UH
LMWH
Aspirin use
Thrombosis (%)
Days at ICU
Days before surgery
Days in hospital
Arterial lactate (mmol/L)
Blood glucose
Erythrocytes transfusion (%)
Reoperation due to bleeding
Platelets (cel/mm3)

> 6 (n=56)
23.2
25.0

63.1 ± 8.2
58.9
41.1

16.9 ± 4.6
6.9 ± 2.2
7.2 ± 2.0
5.4 ± 1.3
1.5 ± 0.7

60.7
28.3
1.8
8.9

51.8
48.2
18.0
23.2

7.5 ± 14.1
10.4 ± 11.2
24.3 ± 20.7

3.8 ± 2.6
187.7±59.8

63.3
5.4

85393 ± 29173

< 6 (n=64)
12.5
17.2

62.9 ± 11.4
59.4
40.6

15.9 ± 4.9
5.4 ± 2.4
6.2 ± 1.8
4.9 ± 1.3
1.3 ± 0.6

59.4
20.6
12.5
7.8

47.1
52.9
9.1
0.0

5.4 ± 8.6
13.9 ± 26.9
26.3 ± 28.9
3.4 ± 1.6

180.4±59.8
73.4
1.6

115266 ± 33722

P
0.09
0.20
0.91
0.55

0.22
<0.001
0.008
0.07
0.07
0.14

0.41

0.15
<0.0001

0.33
0.36
0.66
0.28
0.51
0.17
0.26

<0.0001

ICU - Intensive care unit; IPO - Immediate postoperative;
EC - Extracorporeal circulation; UH - Unfractioned heparin
LMWH - Low molecular weight heparin
Thromboses - ischemic cerebrovascular accident, acute myocardial infarction, deep vein
thrombosis, pulmonary thromboembolism, mesenteric thrombosis, venous sinus and
microvascular thrombosis

Fig. 1 - Frequency of 4TS score among patients2

Fig. 2 - Percentage of hospital mortality compared with 4TS score.
X2 Linear tendency
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DISCUSSION
 
Heparin has been used for over 50 years for prevention

and treatment of venous thrombosis. The main adverse
effect of this medication is the bleeding that occurs in 1%
to 33% of patients [18]. In addition to this, there are other
important adverse effects, such as:  heparin-induced
thrombocytopenia (HIT), osteoporosis, eosinophilia,
hypercalcemia, cutaneous reaction and other allergic
reactions other than HIT [18].

Weismann & Tobin, in 1958 [19] and Roberts et al., in
1964 [20] were the first ones to describe the thrombotic
effects in some patients receiving heparin for 7-14 days.
Two distinct types of HIT are described: the first is reversible
and does not involve the immune process (type I), while
the second is mediated by reaction with immunoglobulin G
antibody (type II) and evolves with a worse prognosis [6].

The literature shows how the expected death rate for
patients undergoing CABG from 3% to 5% [21], while in
this study hospital mortality was 20.8%, however, we must
consider that this sample is from patients with
thrombocytopenia lower than 150,000 cells/mm3. In this
sample, 47.6% of patients achieved 4Ts score ³ 6, thus
more likely to present with HIT type II [13], explaining the
poorest performance, since those patients who are
undergoing cardiac surgery and have HIT type II, 44% of
them evolve with thromboembolic complications and 33%
die [22,23]. Moreover, the mortality rate predicted by the
mean APACHE II (16.4) of the study population is 23.5%. 

The type of heparin used did not reduce the incidence
of thrombosis or the highest score obtained by patients
and, the opposite was observed in the literature, where the
risk of HIT II decreases from 80 to 10 times in patients
receiving low molecular weight heparin [10, 11.24]. However,
all patients received unfractionated heparin during surgery
that may have influenced the results in this sample.    

In patients with 4Ts score ³ 6, there were more
mortalities in hospital and ICU, with a strong tendency
statistically significant. There were no differences in severity
when groups with scores ³  6 and <6 compared to APACHE
II, therefore it is impossible to justify the increased mortality
in the group score ³ 6 for the patient’s condition. As the
surgical time, extracorporeal circulation, type of surgery,
prior use of acetylsalicylic acid, reoperation, transfusion,
metabolic variables or stays in the ICU and hospital, since
these variables were also not different among the groups.

The incidence of thrombosis in the group with a score ³
6 was much higher, even with lower platelets serum levels.
The thrombotic events observed were as severe as
cerebrovascular accident, acute myocardial infarction,
pulmonary thromboembolism, deep venous, mesenteric,
venous sinus and microvascular thromboses. 

In addition, it was observed that the higher 4Ts score

were, worse the patients’ prognosis are, the mortality in
patients with a score of 8 was 30%, ten times higher than in
patients with scores from 2 to 3% of death, a difference that
was significant (P <0.001). It is also important to emphasize
the importance of clinical diagnosis of HIT II, as well as
prognostic evaluation.

The available data are enough for consensus of the
issue relevance in the evolution of these patients, however,
despite the extensive descriptions in the literature,
consensus and guidelines attempting to regulate the
conduct [6-9,25,26], a registration study [10] shows alarming
data: HIT was suspected in only 20% of patients with
thrombocytopenia; heparin was discontinued in only 30%
of patients with suspected HIT, death and thrombotic
complications occurred in 30% of patients who were using
heparin, less than 10% of patients with thrombocytopenia
had a diagnostic evaluation for HIT.

Facing this scenario, the current study becomes more
relevant as there is an objective to evaluate the clinical
importance of HIT in a high-risk group, by using a simple
tool for diagnosis and also considering this tool a
perspective of prognostic assessment.

Some study limitations should be considered, the
observational design with the inherent restrictions to this
type of study and, due to this reason, further studies are
needed. It is too precocious for the thrombocytopenia to
be considered as HIT [27], however we cannot ignore
that the patients were exposed to heparin for a longer
period, because the median hospital stay before surgery
was 8 days. HIT occurs after the fifth day of the heparin
start, however, in patients with previous use it may occur
on the first day [28], furthermore, a small dose of heparin
can cause immune sensitization to subsequent exposure
to heparin. [29]

The type of unfractionated heparin (bovine) used in
this study is a limitation [30], since it has been associated
with higher incidence of antibodies against the heparin-
platelet factor 4 complex [31].

Another issue is the absence of a laboratory evaluation
with doses of anti-platelet factor 4 / heparin, once the gold
standard for diagnosis is clinical criterion associated with
a laboratory confirmation [5.32]. Nevertheless, if we consider
that studies show up to 70% of patients undergoing CABG
with positive antibodies, it may not have other clinical
findings of HIT and, the absence of antibody does not
exclude the diagnosis of HIT, with possible further
seroconversion [5]. Moreover, in a recent study [33], the
4Ts score is compared with the laboratory diagnosis of
HIT and then the perspective of this score to be a clinical
tool for screening is discussed, in order to identify the
individual risk of each patient to have this disease. Given
these evidence, it is considered that this limitation does
not invalidate the results.
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