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Early Postoperative Thrombocytopenia Following Cardiac Surgery
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Abstract

Objectives: There are various risk factors which make the cardiac surgery patients prone to thrombocytopenia such as the effects of cardiopulmonary
bypass procedure, anticoagulant administration, bleeding diathesis, blood product transfusions and hypothermia. However the clinical and prognostic
value of early thrombocytopenia soon after cardiac surgery is less studied previously and is the objective of our study.

Materials and Methods: In this cross-sectional study we evaluated cardiac surgery patients who were operated within 6 months period in our
hospital electively. Thrombocytopenia was defined as a platelet count under 150,000/uL. The peroperative variables, prognostic scores according to
the Sequential Organ Failure Assesment (SOFA), length of stay, mortality and adverse events during hospital stay were investigated.

Results: Thrombocytopenia was observed in 33.05% of all patients. The mean cross-clamping time was prolonged and the total mediastinal drainage
volume was excessive in thrombocytopenia group. All-cause infection, pulmonary and renal dysfunction rates were higher, SOFA scores were
increasing at 24" and 48" hours, and length of stay in hospital and intensive care unit were prolonged in this group.

Conclusion: Thrombocytopenia may be associated with multiple organ dysfunction and further infections; and may be regarded as a remarkable
finding of poor prognosis and prolonged length of stay after cardiac surgery in early period. Hemorrhage and prolonged cross clamping time are
the significant risk factors associated with thrombocytopenia in our study. Therefore an appropriate hemostatic approach and brief cross clamping
time may be considered as preventive strategies to reduce thrombocytopenia following cardiac surgery.
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Amac: Kardiyopulmoner baypas prosediiriiniin etkileri, antikoagiilan uygulanmasi, kanama diyatezi, kan (irlini transfiizyonu ve hipotermi gibi
cesitli risk faktorleri kalp cerrahisi hastalarini trombositopeniye yatkin hale getirmektedir. Kalp cerrahisi sonrasi erken trombositopeninin klinik ve
prognostik dnemi ise dnceki calismalarda daha az incelenmistir ve calismamizin temel konusunu olusturmaktadir.

Gerec ve Yontem: Bu kesitsel calismada 6 ay icerisinde hastanemizde elektif olarak kalp cerrahisi uygulanan hastalar incelendi. Trombosit sayisinin
150.000/yL altinda olmasi trombositopeni olarak kabul edildi. Peroperatif degiskenler, Ardisik Organ Yetmezligi Degerlendirmesi'ne (SOFA) gére
prognostik skorlar, yatis siiresi, hastane yatisi sirasindaki mortalite ve ek olaylar incelendi.

Bulgular: Hastalarin %33,05'inde trombositopeni gorildii. Trombositopeni grubunda ortalama kros klemp siresi uzamis ve toplam mediastinal
drenaj miktari artmisti. Bu grupta tiim nedenlere bagl enfeksiyonlar, pulmoner ve renal disfonksiyon oranlari fazla, SOFA skorlari 24. ve 48. saatlerde
ylksek, yogun bakim ve hastane yatis siireleri daha uzun olmustu.

Sonuc: Kalp cerrahisi sonrasi erken dénemde trombositopeninin, multiorgan yetmezligi, gelisebilecek enfeksiyonlar, kotii prognoz ve uzamis yatis
stiresiyle iliskili olabilecegi gozlenmistir. Calismamizda kanama ve uzamis kros klemp siresinin trombositopeniyle iliskili anlamli risk faktérleri oldugu
saptanmistir. Bu nedenle uygun hemostatik yaklasim ve kros klemp siiresinin kisa tutulmasinin kalp cerrahisi sonrasi trombositopeniyi azaltabilecek
onlemler olabilecegini dlisinmekteyiz.

Anahtar Kelimeler: Trombositopeni, Koroner Baypas, Postoperatif Trombositopeni, Postoperatif Prognoz
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Introduction

Platelets are strongly affected by cardiopulmonary bypass
(CPB) using a pumpoxygenator (1). Hypothermia, anticoagulant
administration and hemorrhage are many of the other risk factors
for thrombocytopenia (TP) after cardiac surgery (2). Even among
patients undergoing off-pump coronary artery bypass surgery,
evidence of platelet dysfunction or lower platelet counts after
surgical intervention were also noted (3). The incidence of TP is
about 35% among high-risk surgical patients and it reaches to
65% among cardiac surgery patients (4). Herein we aimed to
investigate the clinical and prognostic value of early TP after
cardiac surgery.

Materials and Methods

Design of the Study

The patients who underwent cardiac surgery electively in
six-months period between February and August 2013, in our
institute were enrolled to this cross sectional study. The blood
samples were obtained from the patients at 12", 36" and 60"
hours postoperatively according to our daily practice. The
patients who had platelet count under 150,000/uL were enrolled
to TP group. The control group were selected randomly as the
same number of patients with TP group among the patients with
normal platelet count. The complete blood cell analyses were
performed with the same machine for all samples. The variables
were compared between the TP and control groups. Exclusion
criteria were preoperative TP, any disease which may lead to TP
such as malignancy, age under 18 and urgent operations. The
antiplatelet therapy was discontinued five days before surgery.

The study was approved by the local Ethics Commitee (TUTF-
GOKAEK 2013/21).

Surgical Technique

All patients were operated via a median sternotomy incision
under general anesthesia and underwent CPB procedure.
In routine, the left internal thoracic artery was preferred for
revascularization of the left anterior descending artery, double
clamp technique was used for proximal anastomosis and
normothermic cardiac arrest was applied among the coronary
artery bypass graft (CABG) surgery patients whereas mild
hypothermic (32-34 °C) and moderate hypothermic (28-32
°C) cardiac arrest was applied in valve replacement and aortic
procedures respectively. Mechanical prosthesis were used for
valve replacement.

Postoperative Evaluation

TP was defined as a platelet count <150,000/uL and was
classified as mild (i.e. 100,000/uL to 149,000 /ul), moderate
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(i.e. 50,000/uL to 99,999/ul) and severe (i.e. <50,000/pL) (4-8).
The patients were evaluated postoperatively according to the
Sequential Organ Failure Assesment (SOFA) as a prognostic
scoring system (9). 4Ts scoring test was performed to evaluate
heparin induced TP (HIT) (4,10). The platelet replacement was
administered postoperatively to the patients with excessive
drainage and TP with platelet count under 100,000/uL (2).
Informed consent was obtained from all individual participants
included in the study.

Statistical Analysis

Statistical analysis was performed by using a Statistical
Package For Social Sciences (SPSS) version 21. Once tested
for the normality of distrubition of continuous variables by
one sample Kolmogorov-Smirnov test, a t-test was applied
following normal distrubition and Mann-Whitney U test was
done for comparing the data with no specific distribution.
Categorical variables were analyzed through Pearson x? test,
Fisher's exact x* test and Kolmogorov-Smirnov two sample test.
Descriptive data were defined as median (minimum-maximum)
and arithmetic mean + standard deviation. For all statistical

tests p-values <0.05 were considered to be significant.

Of 118 patients who were operated electively between
February 2013 and August 2013 in our department, 39 developed
TP (33.05%). Among the rest of the patients, 39 were randomly
selected for control group. A total of 78 patients were enrolled
to this study. Of 78 patients included in the study, 62.8% (n=49)
were male and 37.2% (n=29) were female. The mean age was
61.82 (26-80). The mean platelet count was 115,580/uL (38,000~
140,000/uL) among TP group. When the TP group was classified,
30 patients had mild (i.e. 100,000/uL to 149,000/ul), 7 patients
had moderate (i.e. 50,000/pL to 99,999/uL), and 2 patients had
severe (i.e. <50,000/pL) TP. None of the patients had score above
low probability according to the 4Ts score.

The operations performed are reported on Table 1.

The preoperative and demographic data were not
significantly different between the two groups.

The duration of CPB time was 112.58+43.39 minutes and
92.46+26.48 minutes (p=0.052) whereas the aortic cross-
clamping time was 66.08+31.29 minutes and 50.59+19.37
minutes in TP and control groups respectively (p=0.034) (Figure
1). There was no significant difference between the two groups
when we compared the hypothermia level, the volume of
cardioplegic solution and the amount of heparine and protamine
doses administered. The mediastinal drainage was increased in
TP group (p=0.002) (Table 2). The unit of replaced fresh frozen
plasma was significantly higher in TP group (p=0.001) (Figure 2).
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Table 1: Operations performed

Isolated CABG

AVR

CABG + AVR

CABG + MVR

MVR + Tricuspid annuloplasty
CABG + CEA

Bentall procedure

Replacement of ascending
aorta+ AVR + CABG

Mixoma resection + Mitral valve
repair

CABG + VSR Repair

Control TP Total
(n%) (n%) (n%)
29 (74.4) 26 (66.7) 55 (70.5)
4(10.3) 1(2.6) 5 (6.4)
2 (5.1) 2 (5.1) 4 (5.1)
2 (5.1) 4 (10.3) 6(7.7)
1(2.6) 0 (0.0) 1(1.3)
1(2.6) 0 (0.0) 1(1.3)
0 (0.0) 2 (5.1) 2 (2.6)
0 (0.0) 2 (5.1) 2 (2.6)
0 (0.0) 1(2.6) 1(1.3)
0 (0.0) 1(2.6) 1(1.3)

CABG: Coronary artery bypass graft, AVR: Aortic valve replacement, MVR: Mitral
valve replacement, VSR: Ventricular septal rupture, CEA: Carotid endarterectomy, TP:

Thrombocytopenia
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SOFA scores were not significantly different between
the groups at 12" hour whereas the 24™ and the 48™ hour
scores were higher in TP group (p=0.137; p=0.001; p=0.001
respectively) (Figure 3).

The infection rates were increased in TP group (p=0.005)
non-referred to the origin. The pulmonary (pa0,/Fi0,<200)
and renal (creatinin >1.8 mg/dL or urine output <1000 mL/day)
dysfunction rates were higher in TP group (p=0.006, p=0.038
respectively).
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Figure 2: The distribution of the transfused blood products in both
groups intraoperatively and in total.

TP: Thrombocytopenia, es: erythrocyte suspension, ffp: fresh frozen plasma, wb:
whole blood
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Figure 1: Cardiopulmonary bypass and aortic cross clamping times of TP
and the control group

CPB: Cardiopulmonary bypass, TP: Thrombocytopenia

Table 2: The mediastinal drainage volumes in control and
thrombocytopenia group

Control (n=39) TP (n=39)
A. Mean + SD A. Mean + SD p-value
Mean (Min.-Max.) Mean (Min.-Max.)

Drainage (mL) 744.87+319.65 1216.03+843.03 0.002*

725 (300-1825)
*: Mann-Whitney U test

975 (375-3925)

TP: Thrombocytopenia, SD: Standard deviation, Min.-Max.: Minimum-maximum
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Figure 3: The distribution of the SOFA scores of the groups at the 12,
24" 48" hours

TP: Thrombocytopenia, SOFA: Sequential Organ Failure Assesment
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Reexploration for hemorrhage was 2.6% in control group
and 10.3% in TP group (p=0.358). The length of stay for hospital
and intensive care unit were increased in TP group (respectively
p=0.006; p=0.030) (Figure 4). All in hospital mortality rate
was 2.6% in control group whereas it was 12.8% in TP group
(p=0.200).

TP after CPB was reported to be associated with increased
postoperative mortality, infection, stroke rates and prolonged
intensive care unit and hospital length of stay (8). Herein we
investigated that the infection rates were increased in TP group,
non-referred to the origin (p=0.005). Beside of an important
role in hemostasis, platelets also play a relevant function in
inflammation acting as proinflammatory cells (11). TP occurs
in over 50% of patients with septic shock (12). Platelet
mitochondrial membrane depolarization reflects disease severity
in patients with sepsis and correlates with clinical outcome (13).
Serial platelet monitoring may help identify patients at higher
risk of postoperative complications such as infections.

In our findings pulmonary dysfunction was more often in
TP group (p=0,006). TP is associated with an increased risk of
acute respiratory distress syndrome (ARDS) and platelet count in
combination with ARDS had a high predictive value for patient
mortality (14). The pulmonary vasculature likely offers ideal
shear and turbulence to promote individual platelet shedding
from megakaryocytes and proplatelets (15). Accordingly the
high TP incidence may be considered as related with respiratory
failure in our study. The renal dysfunction rate was also higher
in TP group (p=0.038) in our study. Platelet activation and
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Figure 4: The length of stay in hospital and ICU in both group

TP: Thrombocytopenia, ICU: Intensive care unit
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leukocyte inflammatory responses are important mediators
of vascular microthrombosis and ischemic injury (16). The
hemostatic balance during and after surgery may shift toward a
hypercoagulable state and contribute to acute organ failure. The
multiorgan failure concomitant with TP may be associated with
the underappreciated microthrombosis after cardiac surgery
(16). The limited use of perioperative antiplatelet therapy
because of a culture of fear of bleeding, may be considered to
be responsible for the issue (16).

TP is reported to reflect a physiologic imbalance and is
accepted as an independent risk factor for poor outcome in
patients who were supported with extracorporeal membrane
oxygenation after cardiac surgery (17). Zhong et al. (18)
developed a promising software model to realize and improve
prognosis in ICU after open heart surgery. Patients who
underwent coronary artery bypass surgery, aortic valve
replacement, or other heart-related surgeries between 2001
and 2012 were analyzed and platelet count appeared to be
an important predictor for outcomes (18). Early predicting
comorbidities for critically ill patients after cardiac surgery is
vital for patients' prognosis and doctors' decision making (18).

In our findings the mediastinal drainage (p=0.002) and the
unit of replaced fresh frozen plasma (p=0.001) was higher in TP
group. For its content of coagulant factors, fresh frozen plasma
is often preferred to provide hemostasis in our daily practice.
However the blood product transfusion is an independent risk
factor of high mortality (2). The reexploration on time to prevent
massive blood transfusion is important. The surgical hemostasis
is vital as well as the hemostatic procedures administered in ICU
so are (2).

Among our peroperative findings, the aortic cross-clamping
time was longer in TP group (p=0.034) which also involves
patients who were operated for more complicated surgeries
such as aortic surgery. In recent data, combined cardiac
surgeries were associated with higher requirement of platelet
transfusion postoperatively (19). Further studies investigating
strategies to reduce postoperative TP including reducing CPB
time are recommended (8). Additionally cross-clamping time is
significantly related with TP in our study.

Cardiovascular dysfunction is better related to outcome
with the SOFA score than with the MODS (20). Using the
cardiovascular components, outcome prediction was better
for the SOFA score at all time intervals in our study. SOFA is
applicable to cardiac surgery patients without any modification
requirement (9). Accordingly we performed SOFA scoring
system for postoperative risk assesment in our study. SOFA
scores were not significant between the groups at 12" hour
whereas the scores were significantly higher in TP group at 24
and 48™ hours (respectively p=0.137; p=0.001; p=0.001). Herein,
platelet count, which is also a parameter of SOFA score, was also
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accomplished alone to predict poor outcome following cardiac
surgery.

Although TP was not confirmed to be related significantly
with mortality in our study, a higher number of patients who
died in hospital were involved in TP group. A total of 30%
decline in platelet count is related to mortality in many studies
even if it is not under 150,000/pL (21-24).

Concomitant surgical procedures, red blood cell transfusion
of >3 units were reported to be associated with prolonged
hospital length of stay (25). TP is associated with prolonged
lenght of stay both in hospital and intensive care unit following
cardiac surgery (respectively p=0.030; p=0.006).

Hemorrhage and prolonged cross clamping time are
the significant risk factors associated with TP in our study.
Appropriate hemostatic approach begins preoperatively and
lasts during intraoperative and postoperative processes (26,27).
Principally it should be noted here that an optimal intraoperative
surgical hemostasis even during exploration is substantial. To
our opinion, an adequate side branch and leakage control,
minimizing the tissue damage during the whole operation and
spending enough time for bleeding control are considered to be
the basic principles.

Optimal temperature, acidity level and appropriate heparin
monitoring are some other hemostatic approaches which are
called as coagulation-friendly enviroment, although these
were not significant variables in our study as were managed in
optimal levels in our surgical routine (26).

Minimally invasive extracorporeal circulation, autologous
priming, ultrafiltration, cell salvage are some of the technical
modifications and supportive methods for blood management
(26).

As it is aferomentioned, longer CPB time decrease
postoperative platelet count and function (27). Particularly,
longer cross clamping time is associated with TP in our study.
It was demonstrated that higher cross clamping leads to higher
cardioplegia which may result in hemodilution and also platelet
dysfunction (26). There are many options to avoid excessive
cross-clamping time. On-pump beating heart and off-pump
procedures may be beneficial to avoid unfavorable effects of
cross-clamping on blood contents (26). Performing proximal
anastomosis under side clamping, as double aortic clamping,
may be considered as another procedural technique for reducing
cross-clamping time (28).

Study Limitations

It was demonstrated that there are safe time limits of aortic
cross clamping and CPB time in adult cardiac surgery (28).
Consequently a complete or an incomplete revascularization

for non-main branches in coronary bypass grafting, is a recent
debate. Clinical features would rather influence the choice
of a complete or an incomplete revascularization strategy in
selected patient categories (29). Although it seems assertive, an
incomplete revascularization that skips the non-main branches
may be an option particularly when it has to be performed
concomitantly with other complicated cardiac procedures and
in selected patients to avoid excessive cross clampig time.

In conclusion, early TP may be associated with multiple
organ dysfunction and infection; and may be regarded as a
remarkable finding of poor prognosis and prolonged length of
stay after cardiac surgery. We consider that daily platelet count
evaluation in early period following cardiac surgery is an easy
and applicable method for assessment of prognosis. Therefore an
appropriate hemostatic approach and cross clamping time may
be considered as preventive strategies to reduce TP and avoid its
causations and consequences, following cardiac surgery.
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