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SUMMARY

This study aimed to evaluate the association of postoperative thrombocy-
topenia with outcome following adult living donor liver transplantation
(LDLT) for end-stage liver disease (ESLD). It was a prospective study of
120 consecutive adult LDLT from September 2012 to May 2015. Preopera-
tive platelet counts (PLTs) and postoperative PLTs were recorded at regu-
lar intervals till 3 months after LDLT. Univariate and multivariate analyses
were performed. The median pretransplant PLT was 61 9 109/l. The low-
est median PLT after LDLT was observed on POD 3. Patients were strati-
fied into low platelet group (n = 83) with PLT <30 9 109/l and high
platelet group (n = 37) with PLT ≥30 9 109/l. Patients with PLT
<30 9 109/l had statistically significant higher grade III/IV complication
(P = 0.001), early graft dysfunction (P = 0.01), sepsis (P = 0.001), and
prolonged ascites drainage (P = 0.002). On multivariate analysis,
PLT<30 9 109/l was identified as an independent risk factor for grade III/
IV complications (P = 0.005). Overall, patients survival was significantly
different between two groups (P = 0.04), but this predictive value was lost
in patients who survived more than 90 days (P = 0.37). Postoperative PLT
of <30 9 109/l was a strong predictor of major postoperative complica-
tions and is associated with early graft dysfunction, prolonged ascites drai-
nage, and sepsis. The perioperative mortality rate was high in the
thrombocytopenia group.
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Introduction

Platelets have an important role in primary hemostasis,

but are also known to have a role in various other non-

hemostatic processes such as inflammation [1], antimi-

crobial defense [2], angiogenesis [3], ischemia/

reperfusion injury [4], tissue repair, and liver regenera-

tion [5,6]. All these properties, to some extent, are

involved in the pathophysiological alterations that

happen in patients undergoing liver transplantation

(LT). Platelets may have a beneficial or detrimental

impact on the outcomes of patients undergoing LT [7].

There are limited data regarding the association of post-

operative thrombocytopenia with morbidity, liver allo-

graft function, sepsis, and mortality in living donor liver

transplantation (LDLT). Thrombocytopenia in immedi-

ate postoperative period after LDLT is associated with

early graft dysfunction [8]. The post-transplant recovery
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of thrombocytopenia in LDLT is assumed to be differ-

ent from that in deceased donor liver transplantation

(DDLT) as recovery of portal hypertension after partial

graft is different from that of whole liver graft [9]. The

aim of the study was to evaluate the association of post-

operative thrombocytopenia with outcome following

adult LDLT.

Patients and methods

Data were collected prospectively from September 2012

to May 2015 at the department of Liver Transplantation

and Hepato Pancreatico Biliary Surgery, Institute of

Liver and Biliary Sciences, New Delhi, India. Consecu-

tive adult patients undergoing elective LDLT were

enrolled in the study. The study was approved by insti-

tutional review board and ethics committee of the insti-

tute. Informed signed consents were obtained from all

the participants. Patients with age <18 years, acute liver

failure (ALF) patients undergoing emergency LDLT and

those undergoing ABO-incompatible LDLT were

excluded in the present study.

Platelet counts (PLTs) were recorded on the day

before LT and thereafter once daily in the first postop-

erative week, then postoperative days (PODs) 10, 14,

18, 21, 1 month, 2 months, and 3 months. PLTs were

performed by an automated hematology analyzer using

VCS technology (Volume, Conductivity, Light Scatter,

Beckman coulter LH 750). Demographic parameters

included were age, sex, and body mass index (BMI).

Clinical parameters evaluating the severity of liver dis-

ease included were preoperative platelet count, etiology

of liver disease, model for end-stage liver disease

(MELD) score, variceal bleeding, hepatorenal syndrome,

hepatic encephalopathy, spontaneous bacterial peritoni-

tis. Listing for transplantation is based on the standard

criteria. Patients with high MELD scores are not denied

transplant if they satisfy these criteria. If the patient is

deemed too sick due to poor performance status, signif-

icant organ dysfunction, he or she may not be offered a

transplant even if MELD scores are low. As per the pro-

tocol, all patients were to have negative preoperative

cultures in the week preceding the transplant. Intra-

operative parameters included were operative time,

intra-operative blood loss, blood products transfusions

(packed red blood cells, fresh frozen plasma, and plate-

let transfusions), graft-to-recipient body weight ratio

(GRBWR), warm ischemia time (WIT), cold ischemia

time (CIT).

Living donor liver transplantation was performed

with a right lobe graft with reconstruction of segment

5 and 8 veins in 105 patients, and a left lobe graft in

15 patients. No patient underwent splenectomy or

inflow modulation. Intra-operatively, we use continu-

ous hemodynamic monitoring (Flo Trac�; Edward

Life Sciences, Irvine, California, United States) to

guide fluid therapy and point-of-care coagulation test-

ing (TEG�; Haemonetics, Braintree, Massachusetts,

United States) to guide transfusion. If there is an

ongoing bleed, packed blood cells are transfused to

maintain a hemoglobin level of around 7 g% and the

TEG parameters are corrected with appropriate blood

products. In the absence of bleeding, numbers on the

TEG are not corrected even if they are abnormal.

Post-transplant immunosuppression protocol consisted

of steroid (methylprednisolone) induction in anhepatic

phase followed by 5 days taper. Maintenance

immunosuppression consisted of tacrolimus + my-

cophenolate mofetil + steroid (prednisolone). Steroids

were tapered in the majority by the end of 3 months.

Mycophenolate mofetil was avoided in patients with

PLT<30 9 109/l post-transplant. The use of tacrolimus

in the postoperative period was guided by serial liver

function tests, rather than target drug levels. Usual

target levels were 5–7 ng/ml in the first week. Basilix-

imab was not used for induction/renal sparing in this

study population. Postoperative liver biopsies were

reserved for unexplained causes of abnormal liver

function tests, especially when the findings of biopsy

were likely to alter the management strategy.

The outcome measures of interest were postopera-

tive complications, infectious complications, allograft

dysfunction, postoperative ascites drainage (>1 l on

POD 14), and early postoperative mortality. Early allo-

graft dysfunction (EAD) was defined as the presence

of at least one or more of the following criteria after

LT: a serum bilirubin level ≥10 mg/dl on day 7 and

an international normalized ratio ≥1.6 on day 7 or an

alanine or aspartate aminotransferase level >2000 IU/l

within the first 7 days [10]. Postoperative complica-

tions were classified as per Clavien–Dindo classification

[11]. Any complication occurring within the first

90 days postoperatively was defined as “early,” and any

complication occurring thereafter was defined as “late”.

Postoperative infectious complications were based on

positive bacterial cultures of peripheral/central blood,

urine, sputum, and intra-abdominal fluid. Infection

was defined as per CDC (center for disease control)

criteria [12]. Sepsis was defined as the presence (prob-

able or documented) of infection together with sys-

temic manifestations of infection [13]. Prolonged

postoperative ascites drainage was defined as >1 l on
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POD 14 [14]. Early postoperative mortality was

defined as death occurring due to any cause within

90 days of LDLT.

Statistical analysis

Statistical analyses were performed with SPSS Statistics 21

for Mac (IBM). A receiver-operating characteristic

(ROC) curve analysis was performed to calculate the

optimum cutoff values for platelet counts to detect

grade III/IV complications after LT. Continuous vari-

ables were expressed as medians and interquartile range

(IQRs). Continuous variables were compared with the

Student’s t-test and Mann–Whitney U-test as appropri-

ate. Differences between proportions derived from cate-

gorical data were compared with chi-square or Fisher’s

exact test. Variables that correlated with thrombocy-

topenia and major complications in the univariate anal-

ysis (P < 0.05) were included in the multivariate

forward logistic regression analysis. For all tests, a P

value of less than 0.05 was considered significant.

Results

During the study period, 152 patients underwent LDLT,

of which 120 adult patients who were transplanted for

ESLD were included in this study. Pediatric liver trans-

plant (10 patients) and those transplanted for acute

liver failure (22 patients) were excluded. The median

pretransplant platelet count was 61 9 109/l (IQR = 42–
88 9 109/l). The lowest median PLT after LT were

observed on POD 3, the median being 22 9 109/l

(IQR = 16–32 9 109/l). Based on ROC curve, POD 3

platelet count showed a good prediction ability (Fig. 1a)

(area under the curve 0.68, P < 0.001) for grade III/IV

complications. The optimal cutoff value on POD 3 for

prediction of grade III/IV complications was 30 9 109/l.

Based on this cutoff value, patients were divided into

two groups: low platelet group, patients with

PLT<30 9 109/l (n = 83), and high platelet group,

patients with PLT ≥30 9 109/l (n = 37). The median

preoperative PLT fell from 61 9 109/l (IQR = 42–
88 9 109/l) to median nadir of 40 9 109/l (IQR = 23–
57 9 109/l) in the first 7 days post-transplant. Then,

they started to increase and exceeded the preoperative

PLT by day 10; median PLTs on day 10 were 71 9 109/

l (IQR = 41–123 9 109/l). Recovery of PLT after trans-

plantation in both groups shown in Fig. 1b and statisti-

cally significant difference were obtained from both

groups (P < 0.001).

Patient demographic details along with clinical and

perioperative variables for two groups have been

depicted in Table 1. A univariate logistic analysis of vari-

ous factors showed that patients with PLT <30 9 109/l

had significantly higher pretransplant thrombocytopenia,

MELD score, intra-operative blood loss, intra-operative

Figure 1 (a) Receiver-operating characteristic curve for postoperative platelet count in relation to major postoperative complications (area

under the curve = 0.68). (b) Dynamics of platelet count in patients with platelet counts <30 9 109/l (Group 1) or ≥30 9 109/l (Group 2) after

liver transplantation.
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packed red blood cell transfusion, and platelet transfu-

sion in comparison with patients with PLT ≥30 9 109/l

(Table 1).

Postoperative thrombocytopenia and outcome

Overall, the incidence of major postoperative complica-

tions (grade III/IV) was 49.2% and that of EAD was

25.8%. The incidence of major postoperative complica-

tions (grade III/IV), sepsis, EAD, ascites drainage (>1 l

on POD 14), ICU/HDU, and hospital stay was

significantly higher for patients with PLT <30 9 109/l.

Overall, the mortality rate after LDLT was 10%. The

reasons for death in 12 patients were as follows: sepsis

(9; 75%), graft dysfunction (2), and myocardial infarc-

tion (1). The mortality rate was higher for patients with

PLT <30 9 109/l (13.3% vs. 2.7%, OR = 5.50, 95%

CI = 0.68–44.3) but this difference failed to reach statis-

tical significance (Table 2).

On analysis of causes of EAD, only preoperative

MELD, MELD sodium scores were predictive factors

(P = 0.03 each, t-test for independent samples). EAD

Table 1. Comparison of patient characteristics and perioperative variables between low and high platelet group after
liver transplantation.

Variables
All patients
(n = 120)

Patients with
platelet counts
<30 9 109/l
(n = 83)

Patients with
platelet counts
≥30 9 109/l
(n = 37) P value

Pretransplant variables
Age in years* 46 (39–53) 47 (38–53) 45 (39–52) 0.89
Males, n (%) 108 (90) 76 (91.6) 32 (86.5) 0.51
BMI (kg/m2)* 24.3 (21.6–28) 24.1 (21.6–29) 24.4 (21.7–27.6) 0.64

Pretransplant platelet count* n 9 103/mm3 68 (45.3–97.3) 60 (42–87) 84 (59–125.5) 0.005
MELD score* 19 (16–24) 20 (18–26) 16 (13–20) <0.001
Underlying liver disease n (%)
Viral 20 (16.7) 14 (16.9) 6 (16.2) 0.86
Alcohol 44 (36.7) 34 (41) 10 (27) 0.21
Cryptogenic 27 (22.5) 19 (22.9) 8 (21.6) 0.93
ACLF 13 (10.8) 7 (8.4) 6 (16.2) 0.34
Others 16 (13.3) 9 (10.8) 7 (18.9) 0.36

Variceal bleeding n (%) 42 (35) 32 (38.6) 10 (27) 0.22
Hepatorenal syndrome n (%) 48 (40) 32 (38.6) 16 (43.2) 0.63
Hepatic encephalopathy n (%) 68 (56.7) 49 (59) 19 (51.4) 0.43
Spontaneous bacterial peritonitis n (%) 28 (23.3) 23 (27.7) 5 (13.5) 0.09
Donor age (years)* 29.5 (23–39) 27 (23–40) 30 (23.5–39) 0.92
Donor BMI* 24.3 (22–26.8) 24 (22.2–26.6) 25 (21.6–27.1) 0.99
Intra-operative variables
Cold ischemia time (min)* 95 (74.5–120) 95 (73–120) 93 (77–121) 0.85
Warm ischemia time (min)* 42 (34–49) 40 (33–49) 42 (37.5–49) 0.87
Operative time (min)* 936 (840–1054) 940 (840–1055) 922 (820–1032) 0.37
GRBWR* 1.00 (0.85–1.1) 0.98 (0.86–1.1) 1.00 (0.84–1.1) 0.32

Intra-operative blood loss (ml)* 3000 (1670–4500) 3000 (1800–6000) 2200 (1450–3400) 0.04
Intra-operative red blood cell

transfusion, number of units*
5 (3–10) 6 (3–13) 4 (2.5–7.5) 0.02

Intra-operative platelet transfusion,
number of units*

1 (0–1) 1 (0–1) 0 (0–1) 0.04

Intra-operative fresh frozen plasma
transfusion, number of units*

4 (2–6) 4 (2–7) 4 (2–4) 0.10

Intra-operative ascites drainage (ml)* 850 (100–5000) 1000 (100–5000) 500 (150–2250) 0.90

BMI, body mass index; MELD, model for end-stage liver disease; ACLF, acute on chronic liver failure; GRBWR, graft recipient
body weight ratio.

*The data are presented as medians and interquartile ranges. P values highlighted in bold are significant.
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was not associated with recipient age, sex, preoperative

bilirubin/platelet count, donor age, donor BMI, type of

graft, or GRBWR. Patients with EAD had a significantly

longer hospital, ICU stay (P = 0.02, 0.04, respectively,

Mann–Whitney U-test), grade III/IV complications

(P = 0.02, chi-square test), but no increase in mortality.

A significant correlation was documented between

postoperative thrombocytopenia and sepsis within the

first month after the transplant. The incidence of cul-

ture-positive bacterial infection was significantly higher

for patients with PLT <30 9 109/l versus the group

with PLT ≥30 9 109/l (45 of 83 vs. 11 of 37, 54.2% vs.

29.7%, OR = 2.79, 95% CI = 1.23–6.39, P = 0.01).

Overall, 41% (34 of 83) of the patients with PLT of

<30 9 109/l had a sepsis within 30 days of the trans-

plant compared with 10.8% (4 of 37) of those with a

PLT ≥30 9 109/l (P = 0.001) (Table 2). Based on this

finding, patients were divided into two groups, sepsis

group and nonsepsis group. Then, these two groups

were compared with postoperative platelet recovery.

The median day of sepsis in the sepsis group was post-

transplant day 7. The median day of sepsis denotes the

day where most patients had sepsis. Patients with sepsis

had more protracted or persistent thrombocytopenia

preceding the sepsis than those without sepsis; the low-

est median PLT was reached significantly later in

patients who developed sepsis (median 5 days vs.

3 days, P = 0.02) (Fig. 2a). Total leukocyte count in

sepsis patients increased only after the sepsis was estab-

lished, while PLT remained static or decreased prior to

the development of sepsis (Fig. 2a and b).

Of the 120 patients in this study group, 11 (9.2%)

were admitted in the week preceding transplantation

with fever and suspected infection. They were treated

with empirical third-generation cephalosporins. Two of

the eleven were culture positive; one of them had coag-

ulase-negative Staphylococcus aureus, which was thought

to be a contaminant but treated with a course of teico-

planin, while the other had Klebsiella in the sputum for

which he received antibiotics (Colistimethate sodium)

as per culture sensitivity reports. All these patients were

admitted to the ward and none of them required organ

support. Nine of these 11 patients requiring hospital

admission prior to transplant eventually belonged to the

low platelet group. Five of these 11 patients (45.4%)

developed severe sepsis as opposed to 27 of 109

(24.8%); P = 0.16. Five of these 11 patients died

(45.4%) as opposed to 7 of 109 (6.4%); P = 0.001.

Comparison of different variables among

complication (grade III/IV) versus noncomplication
(grade I/II) group

The pretransplant PLT did not differ much between

complication and noncomplication groups, but the

postoperative PLT <30 9 109/l was significantly differ-

ent in two groups (Table 3). Compared with noncom-

plication group, other variables significantly predictive

of complications within 3 months of transplantation

were MELD score, intra-operative blood loss, intra-

operative packed red cell transfusions, fresh frozen

plasma transfusions and platelet transfusions (Table 3).

On multivariate forward logistic regression analysis,

PLT <30 9 109/l was the only independent predictor

for the development of grade III/IV complications [odds

ratio (OR) = 3.47, 95% CI = 1.47–8.21, P = 0.005] after

Table 2. Comparison of postoperative outcomes in patients with low and high platelet group.

Variable

Patients with
platelet counts
<30 9 109/l
(n = 83)

Patients with
platelet counts
≥30 9 109/l
(n = 37)

Odds ratio
(95% confidence
interval) P value

Grade III/IV complications, n (%)* 49 (59) 10 (27) 3.89 (1.66–9.08) 0.001
Mortality: grade V, n (%)* 11 (13.3) 1 (2.7) 5.50 (0.68–44.3) 0.10
Total intensive care unit/high

dependency unit stay in days†
11 (8–15) 9 (6–12) – 0.01

Hospital stay in days† 25 (21–31) 22 (18.5–25.5) – 0.04
Early graft dysfunction, n (%) 27 (32.5) 4 (10.8) 3.97 (1.28–12.37) 0.01
Post-transplant sepsis, n (%) 34 (41) 4 (10.8) 5.72 (1.86–17.65) 0.001
Post-transplant ascites drainage

(>1 l on postoperative day 14), n (%)
38 (45.8) 6 (16.2) 4.36 (1.65–11.57) 0.002

*According to Clavien–Dindo classification.

†The data are presented as medians and interquartile ranges. P values highlighted in bold are significant.
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LDLT, even after adjustment was made for intra-opera-

tive platelet transfusions (Table 3).

Impact of thrombocytopenia on graft and patient
survival after LDLT

There was no graft loss or retransplantation. Patients

with PLT <30 9 109/l had statistically significant lower

survival (1 year survival: 78.6% vs. 93.1%, P = 0.04)

(Fig. 3). However, the median survival time was not

reached as the numbers of events were very less. When

survival analyses were repeated after excluding first

90 days mortality after LDLT (N = 12), the predictive

value of PLT for survival was lost (1-year survival:

92.1% vs. 95.7%, P = 0.37). This result confirmed that

low PLT after LDLT was associated with increased trend

toward early mortality.

Discussion

Thrombocytopenia is common in LT recipients both

pre- and postoperatively. While the risk of bleeding

complications from thrombocytopenia in liver trans-

plant recipients such as intracranial, alveolar, and

Figure 2 Dynamics of post transplant platelet counts and total leukocyte counts in patients with and without sepsis. (a) Postoperative platelet

counts in patients with and without sepsis. (b) Postoperative total leukocyte counts in patients with and without sepsis.

Transplant International 2016; 29: 1126–1135 1131

ª 2016 Steunstichting ESOT

Platelet counts and liver transplant outcome



intra-abdominal hemorrhage is well documented, its

association with other important clinical outcomes, such

as major postoperative complications, graft dysfunction,

sepsis, ascites, and survival, is not well reported in the

context of LDLT. The main aim of this study was to

explore the value of postoperative thrombocytopenia in

predicting graft- and patient-related outcomes in LDLT

setting. Our study is prospective and included a

homogenous group of patients with ESLD who under-

went an LDLT and differs from other reports in litera-

ture, which studied DDLT [15] or LDLT [8]. Both of

these were retrospective and included a heterogeneous

group of patients including those with ALF, in whom

the platelet dynamics is potentially different as patients

with ALF usually do not have portal hypertension with

hypersplenism. Portal hypertension-related splenic

sequestration and decreased platelet function in the

chronic liver disease to large extent contributes to pre-

operative thrombocytopenia [16].

The literature on the association of thrombocytopenia

with outcome following LT has been described earlier in

orthotopic liver transplantation [15,17–19]. Apart from
the study by Li et al. [8], the relationship of platelets

and outcome for LDLT has not been fully explored.

From the study of serial PLT at different time points,

we were able to plot the trajectory and timeline of pla-

telet recovery in LDLT between low and high platelet

groups, which is a unique contribution. In our study,

the postoperative PLT reach a nadir on the 3rd postop-

erative day, and it gradually rises again to exceed pre-

transplant levels on about day 10. We found that the

cutoff for predicting major complications was a platelet

count of <30 9 109/l on POD 3. Lesurtel et al. [15].

found a PLT at day 5 of less than 60 9 109/l in the

DDLT setting to correlate with major complications

and mortality, while Li et al. [8]. found an immediate

post-transplant PLT <68 9 109/l in the LDLT setting to

predict early graft dysfunction. The difference may be

Table 3. Predictors of grade III/IV complications in patients undergoing living donor liver transplantation.

Variable

Complication
group (grade
III/IV) (n = 59)

Noncomplication
group (grade I/II)
(n = 61)

Odds ratio (95%
confidence
interval) P value

Univariate logistic analysis
Recipient age in years* 48 (39–55) 45 (39–54) 0.98 (0.97–1.02) 0.75
Recipient BMI* 23 (21.1–27.4) 25.2 (22.2–29.6) 1.06 (0.99–1.15) 0.11
MELD score* 20 (17–26) 18 (15–22) 1.07 (1.01–1.14) 0.01
Variceal bleeding n (%) 26 (44.1) 16 (26.2) 2.22 (1.03–4.78) 0.06
Hepatorenal syndrome n (%) 20 (33.9) 28 (45.9) 0.60 (0.29–1.26) 0.20
Hepatic encephalopathy n (%) 34 (57.6) 34 (55.7) 1.08 (0.52–2.22) 0.86
Spontaneous bacterial peritonitis n (%) 17 (28.8) 11 (18) 1.84 (0.78–4.36) 0.20
Pretransplant platelet count, n 9 109/l 61 (43–94) 75 (54–106) 0.99 (0.99–1.01) 0.31
Postoperative platelet count <30 9 109/l 49 (83.1) 34 (55.7) 3.89 (1.67–9.08) 0.001
Donor age in years* 34 (23–40) 26 (22.5–39) 1.03 (0.99–1.07) 0.21
Donor BMI* 24 (22.4–26.9) 24.6 (21.5–26.8) 0.98 (0.88–1.10) 0.75
Cold ischemia time in min* 94 (66–120) 96 (76–120) 1.00 (0.99–1.01) 0.71
Warm ischemia time in min* 40 (33–49) 42 (35–48) 1.00 (0.98–1.03) 0.70
Operative time in min* 960 (847–1080) 914 (797–1027) 1.00 (1.00–1.00) 0.08
GRBWR* 0.93 (0.80–1.20) 1.01 (0.89–1.10) 1.84 (0.40–8.54) 0.44
Intra-operative blood loss in ml* 3300 (2300–6550) 2200 (1350–3500) 1.00 (1.00–1.00) 0.006

Intra-operative blood products transfused (number of units)
Packed red blood cells* 6 (4–12) 4 (2–9) 1.06 (1.00–1.12) 0.02
Fresh frozen plasma* 5 (3–7) 4 (2–4) 1.13 (1.03–1.24) 0.04
Platelets* 1 (0–2) 0 (0–1) 1.53 (1.06–2.21) 0.01

Variable Odds ratio 95% confidence interval P value

Multivariate forward logistic regression analysis
Post-transplant platelet count <30 9 109/l 3.47 1.47–8.21 0.005

BMI, body mass index; MELD, model for end-stage liver disease; GRBWR, graft recipient body weight ratio.

*The data are presented as medians and interquartile ranges. P values highlighted in bold are significant.
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explained by the fact that in the study by Lesurtel et al.

[15], day 5 PLTs were taken, by which time the PLT

would have started recovering and in the study by Li

et al. [8], the immediate post-transplant PLTs were

used, which will always be high as our study showed

that median nadir PLT was reached by day 3. The sec-

ond reason for the higher platelet counts may be that

both the studies included patients with acute liver fail-

ure who usually do not have portal hypertension with

hypersplenism. A recent study by Akamastu et al. [20].

looked at perioperative variables affecting outcome in

445 LDLT recipients. PLTs on POD 3 and high body

mass index were independent predictors of grade III, IV

complications. High PT/INR on POD 5 was an inde-

pendent predictor of 90-day mortality. In addition, they

developed a scoring system giving a point each for PLT

<50 9 109/l and INR > 1.6 within POD 5 and found

that these were important predictors of severe complica-

tions and mortality, respectively. The findings are simi-

lar to the current paper in that PLTs on POD 3 predict

grade III, IV complications.

The relationship between postoperative thrombocy-

topenia and the risk of morbidity has been observed

both in DDLT [15,17–19] and LDLT settings [8]. In the

present study too, a striking correlation between post-

operative low platelet group and major complication

rate and early graft dysfunction was observed. In addi-

tion, a significant correlation between sepsis and platelet

count was found, for the first time in the LDLT setting.

There is a growing body of evidence to suggest that pla-

telets contribute significantly to antimicrobial host

defense [21–23]. Chang et al. [21] showed that throm-

bocytopenia correlated significantly with a greater risk

of early major infections after the DDLT. This held true

in our patients too. There was a statistically significant

difference in the incidence of culture-positive bacterial

infections, and the incidence of sepsis was higher in

patients with low platelet group. Sepsis, per se, can lead

to thrombocytopenia; however, the nadir in PLT pre-

ceded the sepsis with a median lead time of 2 days. Fur-

thermore, the patients with sepsis had significantly

longer duration of thrombocytopenia preceding sepsis

than those without sepsis. Thus, the direction of associ-

ation suggests that thrombocytopenia was an antecedent

to subsequent sepsis and not vice versa. Those with sep-

sis had a persistently low level of platelets in the first

postoperative week as compared to those without sepsis

who showed a rising trend after a nadir was reached on

day 3. In the 34 (41%) of the 83 patients with low pla-

telet counts who developed sepsis, cultures prior to day

3 were positive in 4 (11.7%), indicating that they

already harbored infection at the time of thrombocy-

topenia. In the remaining 30 (88.3%), thrombocytope-

nia predated sepsis. This is an important observation as

sepsis is the major determinant of outcome after LDLT

and any marker that helps in predicting sepsis early

before it becomes clinically obvious can change patient

outcomes. While this study was not specifically designed

to assess thrombocytopenia as a predictor for infective

complications, we would think (i) carefully designed

studies are needed in this context to make proper rec-

ommendations; (ii) to perhaps consider adding empiri-

cal antibiotics according to local sensitivity if the

platelet counts continue to fall after day 3 and stop if

day 3 cultures become negative and platelet counts

improve; (iii) to escalate immunosuppression cautiously

in this scenario taking into consideration the overall

clinical status of the patient.

Ascites after liver transplant is relatively common in

the immediate postoperative phase, and it generally

resolves spontaneously within 7–14 days [14]. In the

present study, the incidence of prolonged post-trans-

plant ascites drainage (>1 l on POD 14) has been

found to be significantly higher in patients with PLT

Figure 3 Kaplan–Meier curves depicting overall survival of patients

with platelet counts <30 9 109/l (Group 1) and ≥30 9 109/l (Group

2) after liver transplantation (P = 0.04).
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<30 9 109/l. This finding suggests that a patient who

had severe thrombocytopenia will need a longer dura-

tion for resolution of ascites drainage post-transplant,

possibly because of greater severity of pretransplant

portal hypertension and slow resolution of portal

hypertension in partial liver grafts. EAD was signifi-

cantly more common in patients with higher preopera-

tive MELD, MELD sodium scores and these patients

may present with a functional small-for-size syndrome

(SFSS) despite acceptable GRBWR. Patients in this ser-

ies had a median GRBWR of 1; this was not different

between the low and high platelet groups. We used to

measure intra-operative portal pressure after reperfu-

sion earlier [24], but in our observation, none of the

patients had a hepatic portal venous pressure gradient

of more than 10 mm Hg; we have since then stopped

routine intra-operative pressure measurement. Without

pressure data, it is difficult to determine the exact

incidence of SFSS in this cohort. With selection of

grafts to provide a GRBWR of 0.8–1, SFSS is unlikely

to develop, especially if the operation has been techni-

cally satisfactory with a triphasic outflow. Therefore,

the authors did not consider inflow modulation in this

series.

In several studies, preoperative thrombocytopenia

has been found to be a risk factor for post-transplant

thrombocytopenia [19,25]. In the present study, preop-

erative PLTs were significantly different in low and

high PLT groups but this was not a predictive factor

for negative outcome (grade III/IV complication) after

LT for ESLD patients. We found that in addition to

the pretransplant PLT, MELD score, intra-operative

blood loss, intra-operative packed red blood cell trans-

fusions, platelet transfusions were significantly different

for the two groups (Table 1). These parameters

appeared to be more a surrogate of the preoperative

severity of the liver disease rather than a predictive

factor of higher grade III/IV complication, as multi-

variate analysis showed that postoperative low platelet

group was the only independent factor for higher mor-

bidity after LDLT (Table 3).

Overall patient survival was significantly less in

thrombocytopenia group. Also patients who were

admitted in the week prior to transplant with fever/sus-

pected infection had a higher mortality as compared to

those who did not have these. The predictive value of

platelet count on survival was lost after excluding first

90-day mortality. This signifies the fact that platelet

count predicts short-term patient survival, once the pla-

telet count has recovered, and its impact on survival

nullifies. This is the first study of its kind in the LDLT

setting to demonstrate this association, although a simi-

lar association has been observed in the DDLT setting

[15].

In conclusion, in a homogenous population of

patients undergoing LDLT for ESLD, postoperative PLT

of <30 9 109/l predicted major postoperative complica-

tions and is associated with high rate of early graft dys-

function, prolonged ascites drainage, and sepsis. The

patients with low platelet count have higher short-term

mortality.
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