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Abstract

AIM: To compare the recovery of thrombocytopenia
and splenomegaly during long-term follow-up after
liver transplantation in patients receiving a living donor
transplant or a cadaveric donor transplant.
METHODS: This was a retrospective cohort study of
216 consecutive liver transplant patients who survived
for > 6 mo after transplantation; 169 received a liver
transplant from a living donor and 47 from a cadaveric
donor. The platelet counts or spleen volumes were
examined before transplant, 1, 6, and 12 mo after
transplant, and then annually until 5 years after
transplant.

RESULTS: The mean follow-up period was 49 mo
(range, 21-66). Platelet counts increased continu-
ously for 5 years after orthotopic liver transplant. The
restoration of platelet counts after transplant was sig-
nificantly slower in patients with severe pretransplant
thrombocytopenia (< 50000/uL) until 4 years after
transplant (P = 0.005). Donor type did not significantly

affect the recovery of platelet count and spleen vol-
ume in either patient group. In multivariate analysis,
pretransplant severe thrombocytopenia (< 50000/uL)
was an independent factor associated with sustained
thrombocytopenia (P < 0.001, odds ratio 6.314; con-
fidence interval, 2.828-14.095). Thrombocytopenia re-
appeared after transplant in seven patients with portal
flow disturbance near the anastomosis site.
CONCLUSION: Our study suggests that severe throm-
bocytopenia before transplant is closely associated
with delayed recovery of platelet count after transplant
and donor type did not affect the recovery of throm-
bocytopenia. The reappearance of thrombocytopenia
after transplant should be considered a possible indica-
tor of flow disturbance in the portal vein.
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INTRODUCTION

Thrombocytopenia develops commonly in the early
postoperative period after liver transplantation ™, and
most instances of early thrombocytopenia recover with
restoration of hepatic function™. By contrast, the re-
covery of pretransplant long-lasting thrombocytopenia
differs among patients, and some patients experience
persistent thrombocytopenia even several years after the
operation'®. Persistent thrombocytopenia increases the

risk of bleeding-related complications, which worsen the
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prognosis for the transplanted patients'"".

The possible causes of thrombocytopenia soon after
the operation include consumption of platelets in the
graft liver, impairment of platelet synthesis, small graft,
and sepsis[l’3’7'm]. However, the causes or contributing
factors of persistent thrombocytopenia (< 100000/ ul)
beyond one year after the operation are not well known.
A previous report suggested that thrombocytopenia at
3 and 6 mo after transplantation is an independent con-
tributing factor to persistent thrombocytopenia[“]

Patients receiving a living donor transplant restore
the liver volume up to 80% of the whole liver, in con-
trast with cadaveric donor transplant. Because of this
deficient restoration in liver volume, the posttransplant
recovery of thrombocytopenia or splenomegaly in living
donor transplant is assumed to be different than that in
cadaveric donor transplantm.

The aims of this study were to compare the recovery
of thrombocytopenia and splenomegaly in patients re-
ceiving a living donor liver transplantation (LDLT) and
cadaveric donor liver transplantation (CDLT), and to
identify the factors contributing to persistent thrombo-
cytopenia during long-term follow-up after orthotopic

liver transplantation (OLT).

MATERIALS AND METHODS

Patients

We performed 289 OLTs in our transplantation center
between July 1996 and June 2006. Among them, 49
patients had liver transplant from cadaveric donor and
240 patients from living donor who donated right lobe.
In addition, 19 patients prepared their transplants with
us and then had CDLT performed in China during the
same period. They were sent to us soon after transplants
and followed up. Ninety-two patients were excluded
from this study because of death within 6 mo after OLT
(n = 52), post-OLT chemotherapy (# = 21), acute liver
failure (7 = 7), post-OLT interferon treatment (7 = 7),
age less than 20 years old (#» = 4), and post-OLT portal
vein obstruction (7 = 1). The remaining 216 patients (169
LDLT, 47 CDLT) were recruited consecutively (Figure 1).
Patient’s anonymity was preserved and the study proto-
col conforms to the ethical standards of the responsible
committee on human experimentation and with the Hel-
sinki declaration of 1975, as revised in 1983.

The patients comprised 158 men and 58 women
with a mean age at transplant of 49.1 £ 7.7 years (range,
21-66 years) (Table 1). The indications for OLT included
complications of advanced cirrhosis in 133 patients, he-
patocellular carcinoma in 75 patients, and other causes in
seven patients. The causes of liver diseases were hepati-
tis B virus in 188 patients, hepatitis C virus in 9 patients,
alcoholic liver diseases in 13 patients, autoimmune dis-
eases in 5 patients, and other causes in 2 patients. The
follow-up duration after the operation ranged from 6 to
178 mo, with a mean of 49 mo.

Methods

Serial platelet counts were obtained from the medical
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Orthotopic LT (7 = 308)
LDLT (7 = 240)
CDLT (7 = 68)

Excluded patients (7 = 92)
expired before 6 months (7 = 52)
post-OLT chemotherapy (7 = 21)
acute liver failure (n = 7)
post-OLT interferon treatment (7 = 7)
age < 20 years old (7 = 4)
post-OLT portal vein obstruction (7 = 1)

Platelet count analysis (7 = 216)
LDLT (7 = 169)
CDLT (n = 47)

Excluded patients (7 = 24)
unavailable CT (7 = 19)
splenectomy (7 = 5)

Spleen volume analysis (7 = 192)
LDLT (7 = 162)
CDLT (7 = 30)

Figure 1 Study design.

Characteristics (7 = 216) Data

Age at transplant (range), yr 49.1 £7.7 (21-66)

Duration posttransplant (range), mo 49.1 £29.5 (6-178)

Male/Female (%) 158/58 (73/27)
Donor type (%)
LDLT 169 (78)
CDLT 47 (22)
Indication for transplant (%)
Hepeatitis B cirrhosis 113 (52.3)
Hepeatitis C cirrhosis 3(1.4)
Alcoholic cirrhosis 8 (3.7)
Mixed type cirrhosis' 6 (2.8)
Cryptogenic cirrhosis 3(1.4)
Hepatocellular carcinoma® 75 (34.7)
Autoimmune hepatitis 5(2.3)
Wilson's disease 1(0.5)
Primary biliary cirrhosis 1(0.5)
Child-Pugh score 9.5+2.2 (5-14)
Cirrhosis complication® (%)
Ascites 130 (60)
Variceal bleeding 53 (25)
Encephalopathy 81 (38)
SBP 24 (11)
Hepato-renal syndrome 4(2)

Platelet count, pretransplant (x 10°/uL) 58 + 36 (9-340)

Platelet group (%)

Group 1 (< 30000/ L) 29 (13)
Group 2 (30000-50000/ L) 80 (37)
Gourp 3 (50000-100000/ L) 88 (41)

Group 4 (= 100000/ L) 19 (9)

Spleen volume, pretransplant (mm®, 7 =193) 1105 + 636 (128-4858)

'Alcohol cirrhosis + hepatitis B cirrhosis (n = 5); hepatitis B cirrhosis +
hepatitis C cirrhosis (1 = 1); *With hepatitis B virus (n = 70), hepatitis C
virus (n = 5); *Included overlap; SBP: Spontaneous bacterial peritonitis;
LDLT: Living donor liver transplantation; CDLT: Cadaveric donor liver
transplantation.
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record before the OLT and 1, 6, 12, 24, 36, 48, and 60
mo after the OLT. Pretransplant thrombocytopenia was
classified arbitrarily according to platelet count as follows:
group 1 (< 30000/uL), group 2 (30000-50000/pL),
group 3 (50000-100000/uL), group 4 (= 100000/ul),
which was modified according to the WHO adverse
event criteria for hematologic toxicity. To evaluate spleen
volume, the greatest length, transverse diameter, and
thickness at the hilum of the spleen were measured us-
ing abdominal computed scanning tomography before
the OLT and 1, 6, 12, 24 and 36 mo after the OLT. These
values were multiplied together and then by the factor
of 0.6 to obtain an estimated spleen volume as described
previously”. Sustained thrombocytopenia was defined as
platelets count < 100000/ puL 12 mo after the OLT. Fac-
tors such as demographic and clinical features associated
with sustained thrombocytopenia were also assessed.

The immunosuppressive regimen used comprised
cyclosporine or tacrolimus combined with or without
mycophenolate mofetil, which was withdrawn in patients
with severe leucopenia (< 2000/ pL). In addition, corti-
costeroid was used for 3-6 mo after operation, and then
it was tapered. Among 216 patients, 132 (61%) patients
had taken cyclosporine, 130 (60%) patients had tacroli-
mus, and 127 (59%) patients had mycophenolate mofetil.
Mycophenolate mofetil was used for short duration, less
than 6 mo, in most patients.

Rejection was diagnosed by liver biopsy, which
showed Banff rejection activity index more than 3.
Patients who had endoscopic retrograde biliary proce-
dures or percutaneous transhepatic biliary procedures
performed were diagnosed as those with biliary com-
plication. We defined patients as those with portal flow
disturbance if there was clear evidence in abdominal
computerized tomography or magnetic resonance imag-

mng.

Statistical analysis

Continuous variables are expressed as mean £ SD un-
less stated otherwise. Factors associated with sustained
thrombocytopenia were analyzed by univariate analysis.
Significant factors by univariate analysis (P < 0.05) were
subjected to multivariate analysis using logistic regres-
sion (forward selection). Continuous variables were com-
pared by paired 7 test and repeated-measures analysis of
variance (ANOVA), and categorical variables were com-
pared by either the chi-square test or Fisher exact test,
as appropriate. The statistical analyses were performed
using SPSS for Windows version 14 (Chicago: SPSS Inc.,
USA). P < 0.05 was considered significant.

RESULTS

Ninety-one percent (197/216) of our studied population
demonstrated evidence of moderate to severe thrombo-
cytopenia, as indicated by a platelet count < 100000/l
before the OLT. The percentages of patients according to
platelet count before the operation were 13% in group 1
(< 30000 pl), 37% in group 2 (30000-50000/uL), 41%
in group 3 (50000-100000/uL), and 19% in group 4 (=

100000/ uL). The mean platelet counts increased continu-
ously for 5 years after orthotopic liver transplant: 58000/
uL before OLT, 121000/ ulL at 1 mo, 128000/ uL at 6 mo,
132000/uL at 12 mo, 145000/ pL at 24 mo, 148000/ pL
at 36 mo, 149000/ uL at 48 mo, and 158000/ pL. at 60 mo
after OLT. The platelet counts increased significantly dur-
ing the first month after OLT compated with later periods
(P < 0.001), and then increased gradually until 5 years
after the operation (Figure 2A). The donor type did not
affect the recovery of platelet count after the operation
and the recovery of platelet count in patients with severe
thrombocytopenia before the operation (groups 1 and 2)
was also not different between LDLT and CDLT (Figure
2B).

Recovery of platelet count after OLT differed sig-
nificantly between the four groups classified according
to pretransplant thrombocytopenia until 5 years after
the OLT (P = 0.015, repeated-measures ANOVA) (Fig-
ure 3A). In those who survived more than 1 year, 58%
(15/26) of patients in group 1, 30% (30/75) in group 2,
12% (10/82) in group 3, and 6% (1/17) in group 4 had
moderate to severe thrombocytopenia (< 100000/ ul)
one year after the OLT. Five years after the OLT, the
mean platelet count in patients with pretransplant severe
thrombocytopenia (groups 1 and 2) was < 150000/ plL.
In contrast, patients with pretransplant moderate throm-
bocytopenia (group 3) showed a faster recovery of plate-
let count to a mean value near 150000/ ulL (148 000/ ulL)
6 mo after the OLT. The restoration of platelet counts
after the OLT was significantly slower in patients with
severe pretransplant thrombocytopenia (groups 1 and 2)
than in the groups with mild or moderate thrombocyto-
penia (groups 3 and 4) until 4 years after the OLT (P =
0.005, Figure 3A).

In univariate analysis, clinical factors associated with
sustained thrombocytopenia (< 100000/pL at 12 mo
after OLT) were pretransplant severe thrombocytopenia
(< 50000/uL) and pretransplant large spleen volume (>
2000 mm”) (P < 0.001, respectively; Table 2). In the mul-
tivariate analysis, pretransplant severe thrombocytopenia
and splenomegaly were independent factors associated
with sustained thrombocytopenia (P < 0.001 and P =
0.004, respectively).

Seven patients with portal vein thrombosis or steno-
sis showed a decrease in platelet count in proportion to
the progression of portal flow disturbance. The distur-
bance of portal flow appeared between 6 mo and 1 year
after the operation. In these patients, the platelet count
increased initially as in the other patients but decreased
gradually with disturbed portal flow (Figure 3B). The
causes of portal flow disturbance were attributed to
main portal vein thrombosis (thtee patients) and stenosis
of the portal vein anastomosis site (four patients). The
donor types for these patients were three cadaveric do-
nors and four living donors.

All patients with splenomegaly showed decreased
spleen volume 6 mo after the operation. The mean
volumes of spleens were 1105 + 636 cm” before
transplant, 810 + 469 mm’ 6 mo after OLT, 761 +
385 mm’ 12 mo after OLT, 711 + 399 mm’ 24 mo after
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Figure 2 Change in platelet counts during the 5 years after OLT (mean + SE). A: In both LDLT and CDLT, the platelet counts within 1 mo after OLT increased
significantly (°P < 0.001). The increase of platelet counts within first 1 mo after OLT was significantly larger than the later periods (P < 0.001). Platelet counts in LDLT
and CDLT did not differ significantly during the 5 years after OLT (P = 0.437, repeated-measures ANOVA); B: In patients with severe preoperative thrombocytopenia (<
50000/uL), donor type also did not affect the recovery of platelet count after the OLT (P = 0.541).

OLT, and 648 * 415 mm’ 36 mo after OLT, and it did not
return to normal until 3 years. The reduction rate of spleen
volume relative to the pretransplant volume was 26.7%
and 31.1% 6 and 12 mo after the operation, respectively.
The speed of volume reduction was fastest within the
first 6 mo after the operation compared with later periods
up to 2 years (P < 0.02; Figure 3C). The rate of reduc-
tion in spleen volume did not differ significantly between
the LDLT and CDLT groups. The restoration of spleen
volume after the OLT was significantly slower in patients
who had severe pre-OLT thrombocytopenia (groups 1 and
2) than in those with mild to moderate thrombocytopenia
(groups 3 and 4) until 2 years after the operation (P = 0.006,
repeated-measures ANOVA; Figure 3D).

DISCUSSION

This long-term cohort study clearly demonstrated that
liver transplantation affects the rate of recovery of throm-
bocytopenia. The recovery was fastest within the first
month and then decreased gradually for 5 years. Most
previous reports have shown the impact of whole liver
transplantation from cadaveric donor on hypersplenism
during the eatly postoperative periodm’m. Recent reports
showed that partial liver transplantation from living donor
effectively reduces spleen size and resolves thrombocyto-
penia in adults and children, but the follow-up duration
was shorter than in the present studym’m. Compared with
CDLT, LDLT could not restore the whole liver volume.
This suggests that the recovery rate of thrombocytopenia
after the operation may differ between patients receiving
LDLT and CDLT. However, our study included a large
number of LDLT patients, showed that LDLT effectively
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restored platelet count at a rate similar to that observed in
CDLT patients. This indicates that LDLT rapidly resolved
the portal hypertension despite the partial restoration of
the liver up to 80% of the whole liver volume, and regen-
eration of a living donor liver is as effective as regenera-
tion after CDLT.

The causes of thrombocytopenia during the early
postoperative period include sequestration of platelets in
the liver graft, reduced platelet production, immunological

1,3,7-9
1271 However, the causes

reaction, and graft dysfunction
of sustained long-term thrombocytopenia for more than
1 year are not fully understood. A previous study suggest-
ed that pretransplant variceal bleeding, pretransplant sple-
nomegaly, and thrombocytopenia at 3 and 6 mo after LT
are predicting factors of persistent thrombocytopenia’!
In our study, pretransplant severe thrombocytopenia (<
50000/pl) and splenomegaly (> 2000 mm”’) were sig-
nificantly associated with sustained thrombocytopenia. In
addition, delayed graft failure, biliary complication, and in-
fections are considered other possible causes of sustained
thrombocytopenia lasting more than 1 year. In our study,
most biliary complication induced transient thrombocy-
topenia rather than sustained thrombocytopenia. Almost
these patients with biliary complication recovered from
thrombocytopenia after biliary intervention.
Splenomegaly is sustained for several years after the
operation even though the graft liver restores normal por-
tal hemodynamics relatively soon after the operation!”. In
a prospective hemodynamic study, hemodynamic parame-
ters including cardiac index, mean arterial pressure, portal
flow velocity, and hepatic artery resistance index improved
within 6 mo after liver transplantation“s]. However, the
spleen size decreased gradually beyond 2 years. Our study
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Sustained thrombocytopenia'

Univariate analysis Multivariate analysis

Absent (7 = 144) Present (7 = 56) P P OR (95% CI)
Age at transplant (yr) 48.8+7.9 48.6+73 ns
Gender ns
Male 108 40
Female 36 16
Cirrhosis complication, pretransplant ns
Present 110 44
Absent 34 12
MELD, pretransplant (LDLT) ns
>25 20 6
<25 91 38
Child classification, preptranplant ns
C 75 34
Aand B 69 22
Platelet count, pretransplant” <0.001 <0.001 6.314 (2.828-14.095)
Group 1 and 2 56 45
Group 3 and 4 88 11
Spleen volume, pretransplant’ <0.001 0.004 8.464 (2.001-35.810)
> 2000 mm 3 10
< 2000 mm’ 124 41
Donor type ns
LDLT 111 44
CDLT 33 12
Acute rejection ns
Present 21 &
Absent 123 51
Mycophenolate mofetil use ns
Yes 44 13
No 100 43
Biliary complication, posttransplant ns
Present 36 16
Absent 108 40
Portal flow disturbance, posttransplant ns
Present 3 4
Absent 141 52

*P < 0.05. 'Included the patients who survived more than 12 mo. OR: Odds ratio; CI: Confidence interval; HCC: Hepatocellular carcinoma; MELD: Model

for end-stage liver disease; ns: Non-specific (P > 0.05).

is consistent with the results of previous studies in show-
ing that the long-lasting severe splenomegaly takes several
years to resolve although liver synthetic function recovers
rapidly.

In seven of our patients, thrombocytopenia reap-
peared after the initial recovery of platelet counts because
of disturbed portal flow. The possibility of portal vein
complications is considered greater after LDLT than after
CDLT™", Vascular complications in pediatric patients
with whole liver grafts and segmental grafts in a large se-
ries of 600 transplants was reportedlzoj. The incidence of
portal vein complications was higher in LDLT patients
(27%) than in patients receiving reduced-size or split-liver
transplantation (1%) or whole liver transplantation (1%)
from a cadaveric donot. Portal vein thrombosis ot steno-
sis appearing in immediate postoperative petriod should
be treated with surgical treatment or radiological interven-
tion”?!. If the stenosis or thrombosis progresses slowly
beyond 1 year, as in our patients, the patients may not
have any symptoms because of reopening of the previ-

ously established collateral circulation. Thus, the clinician
should monitor the recovery of platelet count after the
operation carefully. If thrombocytopenia reappears after
the initial recovery of platelet count, the degree of portal
vein stenosis or collateral circulation should be evaluated
by dynamic computed tomography. In addition, biliary
tract infection or interferon therapy for recurrent hepatitis
C may cause the reappearance of thrombocytopenia[%‘m.

Our study has some limitations. First, it is a retro-
spective cohort study. However, a large number of pa-
tients (216 patients) were included consecutively in the
cohort and the follow-up duration was longer than that
of other studies. Second, we did not perform hemody-
namic studies to evaluate the resolution of portal hyper-
tension after the operation and did not measure serum
thrombopoietin level to evaluate the synthetic function
of the platelet[zg’m. Further study including hemodynam-
ic analysis is needed to identify why the patients with
severe pretransplant thrombocytopenia improve slowly
after the operation.
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Figure 3 A: Change in platelet counts during the 5 years after OLT grouped according to pre-OLT platelet count. Patients with severe pretransplant thrombocytopenia
(groups 1 and 2) showed a slower recovery of thrombocytopenia compared with those with mild to moderate thrombocytopenia (groups 3 and 4) until 4 years after
the OLT (°P = 0.005, repeated-measures ANOVA); B: Change in platelet counts after the OLT in seven patients with portal vein thrombosis or stenosis. The increase
of initial platelet count was similar to that observed in the other patients, but the count decreased gradually in proportion to the disturbance of portal flow; C: Change
in spleen volumes during the first 3 years after the OLT (mean with standard error). In both LDLT and CDLT, the spleen volumes within 6 mo after OLT decreased
significantly ("P < 0.001). The decrease of spleen volumes within first 6 mo after OLT was significantly larger than the later periods (P < 0.02). The reduction in spleen
volume after OLT did not differ significantly between LDLT and CDLT patients until 2 years after the OLT (P = 0.850, repeated-measures ANOVA); D: Change in
spleen volumes for the first 3 years after the OLT grouped according to the pre-OLT platelet count. Patients with severe pretransplant thrombocytopenia (groups 1 and
2) showed a slower reduction of spleen volume compared with those with mild to moderate thrombocytopenia (groups 3 and 4) until 2 years after the OLT (*P = 0.008,

repeated-measures ANOVA).

In conclusion, this study demonstrated that severe
thrombocytopenia before transplantation is closely as-
sociated with delayed recovery of platelet count after
transplantation. Our data also showed that hypersplenism
improve at the same rate after LDLT as after CDLT. If
thrombocytopenia reappears beyond 6-12 mo without
any other cause, disturbance of portal flow, especially
in the anastomosis site of the portal vein, should be
evaluated.

COMMENTS

Background
The recovery of pretransplant long-lasting thrombocytopenia differs among
patients. Because of the deficient restoration in liver volume, the posttransplant
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recovery of thrombocytopenia or splenomegaly in living donor transplant is as-
sumed to be different from that in cadaveric donor transplant.

Research frontiers

The study has not been done to compare the recovery of thrombocytopenia
and splenomegaly in patients receiving a living donor liver transplantation and
cadaveric donor liver transplantation during long-term follow-up after orthotopic
liver transplantation.

Innovations and breakthroughs

This study suggests at the first that severe thrombocytopenia before transplant
is closely associated with delayed recovery of platelet count and spleen volume
after transplant, and donor type does not affect the recovery of thrombocytopenia.
Applications

The degree of thrombocytopenia before transplant can be used to predict de-
layed recovery of platelet count and spleen volume after transplant.

Peer review

This is a retrospective study comparing recovery of thrombocytopenia and sple-
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nomegaly in patients receiving a LDLT and CDLT. The manuscript is generally
well written and has a concise, simple methodology with good long-term follow-

up.
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