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ackground & Aims: Patients with cirrhosis develop
bnormal hematologic indices (HI) from multiple factors,
ncluding hypersplenism. We aimed to analyze the sequence
f events and determine whether abnormal HI has prog-
ostic significance. Methods: We analyzed a database of
13 subjects with compensated cirrhosis without esopha-
eal varices. Subjects were followed for approximately 9
ears until the development of varices or variceal bleeding
r completion of the study; 84 subjects developed varices.
bnormal HI was defined as anemia at baseline (hemoglo-
in, <13.5 g/dL for men and 11.5 g/dL for women), leuko-
enia (white blood cell counts, <4000/mm3), or thrombo-
ytopenia (platelet counts, <150,000/mm3). The primary
nd points were death or transplant surgery. Results:

ost subjects had thrombocytopenia at baseline. Kaplan-
eier analysis showed that leukopenia occurred by 30
onths (95% confidence interval, 18.5–53.6), and anemia

ccurred by 39.6 months (95% confidence interval, 24.1–
9.9). Baseline thrombocytopenia (P � .0191) and leukope-
ia (P � .0383) were predictors of death or transplant, after
djusting for baseline, hepatic venous pressure gradient
HVPG), and Child-Pugh scores. After a median of 5 years,

significant difference in death or transplant, mortality,
nd clinical decompensation was observed in patients who
ad leukopenia combined with thrombocytopenia at base-

ine compared with patients with normal HI (P < .0001).
VPG correlated with hemoglobin and white blood cell

ount (hemoglobin, r � �0.35, P < .0001; white blood cell
ount, r � �0.31, P < .0001). Conclusions: Thrombocy-
openia is the most common and first abnormal HI to occur
n patients with cirrhosis, followed by leukopenia and ane-

ia. A combination of leukopenia and thrombocytopenia
t baseline predicted increased morbidity and mortality.

ematologic indices (HI) are frequently abnormal in pa-
tients with cirrhosis. Studies examining the occurrence of

bnormal HI have reported a prevalence of anemia, thrombo-
ytopenia, and leukopenia (alone or in combination) in between
% and 77% of patients with cirrhosis.1–9 Most studies have
valuated HI in a cross-sectional manner, and the sequential
evelopment of anemia, leukopenia, and thrombocytopenia is
ot known. The pathogenesis is multifactorial, with splenic and

planchnic sequestration, bone marrow suppression, and alter-
D
 P

R
Otions in hematopoietic stimulating factors contributing to the

tiology.10,11

Liangpunsukul et al12 found that spontaneous bacterial peri-
onitis, variceal hemorrhage, and death were more likely to
ccur in patients with severe hypersplenism (defined as platelet
ount �75,000 per mm3 and/or white blood cell count �2,000
er mm3 in the presence of splenomegaly). The median survival
as also reduced in subjects with severe hypersplenism. The
uthors concluded that severe hypersplenism in patients with
irrhosis might constitute an indicator for prophylactic mea-
ures. Other studies have shown that thrombocytopenia is
ssociated with a reduced median survival in compensated
irrhosis.13–16 The clinical significance of leukopenia and ane-
ia in compensated cirrhosis needs further elucidation.
A prospective, randomized controlled trial evaluating the

fficacy of treatment with nonselective beta-blockers in patients
ith compensated cirrhosis has been previously published.17

ith this database, we have previously shown that thrombocy-
openia significantly correlates with increased hepatic venous
ressure gradient (HVPG). In the current study we wanted to
etermine the sequence of abnormal HI in cirrhosis and
hether the presence of abnormal HI in patients with compen-

ated cirrhosis with portal hypertension has prognostic signif-
cance in longitudinal follow-up.

Methods
The study was a nested cohort study in the setting of an

nvestigator-initiated, prospective, randomized, double-blind,
lacebo-controlled clinical trial to evaluate the efficacy of non-
elective beta-blockers in preventing gastroesophageal varices
GEV) and the usefulness of sequential measurements of HVPG,

measure of portal pressure. The complete description of the
ethodology has been published elsewhere.17 The protocol to

onduct secondary analysis was approved by the institutional
eview board.

Abbreviations used in this paper: CI, confidence interval; GEV, gas-
roesophageal varices; Hgb, hemoglobin; HI, hematologic indices;
VPG, hepatic venous pressure gradient; WBC, white blood cell count.

© 2009 by the AGA Institute
1542-3565/09/$36.00
doi:10.1016/j.cgh.2009.02.021
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Patients
Patients were enrolled between August 1993 and March

999 and followed until September 2002. Eligible patients had
irrhosis and portal hypertension as defined by an HVPG at
east 6 mm Hg, did not have GEV, and were older than 18 years
nd younger than 75 years of age. Exclusion criteria included
scites requiring diuretics, hepatocellular carcinoma, splenic or
ortal vein thrombosis, concurrent illness expected to decrease

ife expectancy to less than 1 year, the use of any drug or
rocedure affecting the splanchnic hemodynamics or portal
ressure, primary biliary cirrhosis or primary sclerosing cholan-
itis, contraindications to beta-blocker therapy, pregnancy, or
lcohol intake during the dose titration phase. A total of 213
atients were enrolled into the study. The mean Child-Pugh
core was between 5 and 6, and the median follow-up was 54.9

onths. Demographic details have been previously published.17

Follow-up
Patients were assessed at baseline, 1 month and 3

onths after randomization, and every 3 months thereafter. At
ach visit, the heart rate and alcohol consumption were deter-
ined, and blood was obtained for hematologic and biochem-

cal measurement. At baseline and every year thereafter, esopha-
ogastroduodenoscopy and HVPG were performed. Primary
nd point was the development of varices or variceal hemor-
hage. Follow-up ended at the time of development of a primary
nd point; otherwise, patients were followed to the termination
f the study in September 2002. Prognostic outcomes were
ssessed by collecting all data about death, transplant, or clin-
cal decompensation that had been prospectively collected in
he randomized control trial, except in patients who developed
he primary end point of that trial. Retrospective review of
harts of these patients was performed to have complete fol-
ow-up about death, transplant, or clinical decompensation
ntil the end of the study (September 2002). Clinical decom-
ensation was defined as the occurrence of variceal hemorrhage,
scites, and hepatic encephalopathy.

Definition and Creation of Hematologic
Indices Groups
Abnormal HI was defined as the baseline occurrence of

nemia (hemoglobin [Hgb], �13.5 g/dL for men and 11.5 g/dL
or women), leukopenia (white blood cell count [WBC],

4,000/mm3), or thrombocytopenia (platelet count, �150,000/
m3). These values were based on previous studies evaluating

he incidence and prevalence of abnormal HI in cirrhosis and
he Centers for Disease Control and Prevention recommenda-
ions.1,3,18,19

Subjects were grouped according to the presence of throm-
ocytopenia, leukopenia, and/or anemia present at the baseline

able 1. Occurrence of Anemia, Leukopenia, or
Thrombocytopenia at Baseline Among the 213
Subjects

HI abnormality Number (percentage)

nemia 45 (21.1)
eukopenia 50 (23.5)
hrombocytopenia 166 (77.9)
xamination.
T

D
 P

R
O

O
F

Statistical Analysis
The median time to each HI event obtained from

aplan-Meier analysis was reported with 95% confidence inter-
als [CIs]. The Kaplan-Meier methods with log-rank test and
ox proportional hazards model were used to assess survival
nd hazard functions among the HI groups. The primary event
f interest was death or liver transplant before September 26,
002. The secondary events of interest were death without liver
ransplant and clinical decompensation before September 26,
002. Chi-square or Fisher tests were used to evaluate the
ssociations between HI groups and variables such as baseline
VPG status, clinical decompensation, and liver-related death.

pearman correlation coefficients were used for the association
etween the HVPG and Hgb and WBC at baseline. One-way
nalysis of variance was used to compare the HVPG means of
ifferent HI groups. The post hoc pairwise comparisons were
ade by using Tukey studentized test. All calculations were

erformed by using the SAS statistical software package v 9.1
SAS Institute Inc, Cary, NC).

Results
Occurrence of Abnormal Hematologic Indices
Table 1 lists the occurrence of thrombocytopenia, ane-

ia, or leukopenia at baseline in the cohort. Most subjects had
hrombocytopenia at baseline. Table 2 lists the different abnor-

al HI combinations. Once again, thrombocytopenia only was
he most common abnormality at baseline.

One hundred ninety-seven subjects had thrombocytopenia,
f which 84% had it present at baseline, and 16% developed it
uring the course of the study. Anemia was present in 126
ubjects during the study, among which 37% had it at baseline,
hereas 63% developed it during the course of the study. One
undred eighteen subjects had leukopenia, of which 42% had it
t baseline, whereas 58% developed it during the course of the
tudy. Kaplan-Meier analysis showed that leukopenia occurred
ater, at a median of 30 months (95% CI, 18.5–53.6) into the
tudy. Anemia occurred the latest, at a median of 39.6 months
95% CI, 24.1– 49.9) into the study (Figure 1).

The occurrence of cytopenias was analyzed longitudinally in
he 34 patients with normal HI at baseline. Thrombocytopenia
as the most common cytopenia to occur in 20 (59%) patients
t a median 28 months into the study. Twelve (35%) developed
nemia and 7 (21%) developed leukopenia on follow-up. The
edian time to onset for anemia and leukopenia could not be

able 2. Occurrence of Various Combinations of HI
Abnormalities at Baseline in the Entire
Cohort (213 Subjects)

HI abnormality group Number (percentage)

ormal 34 (15.9)
nemia only 10 (4.7)
eukopenia only 2 (0.9)
nemia and leukopenia 1 (0.5)
hrombocytopenia only 99 (46.5)
nemia and thrombocytopenia 20 (9.4)
hrombocytopenia and leukopenia 33 (15.5)

hrombocytopenia, leukopenia, and anemia 14 (6.6) 124
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alculated because less than 50% of the normal HI patients
eveloped either of these 2 cytopenias (Figure 2).

Death and Transplant Among the Abnormal
Hematologic Indices Groups
As shown in Tables 3 and 4, baseline thrombocytopenia

nd leukopenia were found to be significantly associated with
eath or transplant under univariate analysis. Anemia at base-

ine was not found to have any association. Given their associ-
tion with a poor outcome in cirrhosis, baseline HVPG and
hild-Pugh score were considered as potential confounders of

he association of thrombocytopenia or leukopenia with death
r transplant, and multivariate analysis was conducted. A his-
ory of alcoholic cirrhosis was not associated with death or
ransplant and was not found to be a confounder, despite the
nown association with bone marrow suppression. Under mul-
ivariate analysis, thrombocytopenia and leucopenia, like the
VPG and Child Pugh score, were independently associated
ith death or transplant, as shown in Table 4.

Because of the later occurrence of leukopenia compared
ith thrombocytopenia, it was hypothesized that patients
ith leukopenia plus thrombocytopenia had an advanced

tage of compensated cirrhosis and were at higher risk of

igure 2. Kaplan-Meier failure curve for the occurrence of thrombocy-
openia, anemia, and leukopenia in patients (n � 34) with normal HI at
aseline. 59% of the patients developed thrombocytopenia on follow-
p, with a median time to occurrence of 28 months. Anemia occurred in

igure 1. Kaplan-Meier failure curve for the occurrence of thrombocy-
openia, anemia, and leukopenia in the entire cohort (n � 213). 77% of
he patients had thrombocytopenia at baseline; whereas the median
ime to occurrence for anemia was 39.6 months (95% CI, 24.1–49.9),
nd leukopenia was 30 months (95% CI, 18.5–53.6).
5%, and leukopenia occurred in 21% of patients. b
D
 P

R
O

O
F

eath or transplant compared with patients with normal HI
r thrombocytopenia at baseline (Figure 3). Death or transplant
as significantly more likely to occur among patients who had

eukopenia plus thrombocytopenia at baseline (23/47, 49%),
ompared with 2 of 34 (6%) for the normal and 28 of 119 (24%)
or the thrombocytopenia groups (Figure 3). The increased
ccurrence of either death or transplant in the leukopenia plus
hrombocytopenia group was significantly greater than the nor-

al (P � .0001) and thrombocytopenia groups (P � .0002).
atients in the thrombocytopenia group were also significantly
ore likely to have death or transplant during follow-up com-

ared with patients in the normal group (P � .0314). Similar
esults were found when non-liver deaths were excluded from
he analysis (normal, 1/34 [3%]; thrombocytopenia, 21/119
18%]; leukopenia and thrombocytopenia, 18/47 [38%]; P �
0001).

Death Among the Abnormal Hematologic
Indices Groups
The occurrence of death was compared among the 3 HI

roups during the median follow-up of 54.9 months (Figure 4).
n the leukopenia plus thrombocytopenia group, 13 of 47 (28%)
ied during follow-up, compared with 2 of 34 (6%) in the
ormal and 21 of 119 (18%) for the thrombocytopenia groups

Figure 4). The increased mortality in the leukopenia plus
hrombocytopenia group was significantly greater than in the
ormal (P � .0053) and thrombocytopenia groups (P � .0280).
greater proportion of deaths in leukopenia plus thrombocy-

openia group (8/47, 17%) were liver-related compared with
ther groups, but this did not achieve statistical significance
normal, 1/34 [3%], P � .07; thrombocytopenia, 14/119 [12%],

� .3682). There were 13 patients who had non–liver-related
auses of mortality including normal (n � 1) (cardiac arrest),
hrombocytopenia (n � 7) (1 pneumonia and sepsis, 1 pneu-

onia only, 1 sepsis only, 1 sepsis with dementia, 1 epiglottic
ancer, 1 adenocarcinoma of unknown primary, and 1 cervical

able 4. Multivariate Analysis

Risk factors for death or transplant
Hazard

ratio (95%CI)
P

value

hrombocytopenia at baseline 4.1 (1.3–13.6) .0191
eukopenia at baseline 1.8 (1.0–3.3) .0383
aseline HVPG 1.1 (1.0–1.2) .0132
hild-Pugh score at baseline 1.6 (1.1–2.2) .0105

OTE. Both leukopenia and thrombocytopenia were significantly as-
ociated with death or transplant on follow up when controlled for

able 3. Univariate Analysis

Risk factors for death or transplant
Hazard

ratio (95%CI)
P

value

hrombocytopenia at baseline 5.6 (1.7–17.8) .0040
eukopenia at baseline 2.9 (1.7–5.0) .0001
nemia at baseline 1.7 (0.9–3.1) .1039

OTE. Both leukopenia and thrombocytopenia were significantly as-
ociated with death or transplant on follow-up. Anemia was not
ignificant.
aseline Child-Pugh Score and HVPG measurement as confounders. 185
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ancer), and leukopenia plus thrombocytopenia (n � 5) (3
neumonia, 1 sepsis with aortic valve replacement, and 1 car-
inoma of unknown primary).

Clinical Decompensation Among the
Abnormal Hematologic Indices Groups
Patients with leukopenia plus thrombocytopenia at

aseline were more likely to develop clinical decompensation.
wenty of 47 (43%) in the leukopenia plus thrombocytopenia
roup developed clinical decompensation on follow-up com-
ared with 4 of 34 (12%) in the normal group (P � .0031).
lthough no statistical difference was noted, clinical decom-
ensation was more common in patients with leukopenia plus
hrombocytopenia group compared with the thrombocytope-
ia group (32/119 [27%], P � .06) (Table 5). Hepatocellular
arcinoma was significantly more common in the leukopenia
lus thrombocytopenia group (11/47, 23%) compared with the
ormal (1/34, 3%) and thrombocytopenia groups (13/119, 11%)

P � .01).

igure 4. Kaplan-Meier survival analysis of death among the HI groups
P � .0093). Thrombo, thrombocytopenia only; Thrombo and Leuko,
hrombocytopenia and leukopenia. Pairwise comparisons by log-rank
est: leukopenia combined with thrombocytopenia vs normal, P �
0053; leukopenia combined with thrombocytopenia vs thrombocyto-

igure 3. Kaplan-Meier survival analysis of death/transplant among
he HI groups (P � .0001). Thrombo, thrombocytopenia only; Thrombo
nd Leuko, thrombocytopenia and leukopenia. Pairwise compari-
ons by log-rank test: leukopenia combined with thrombocytopenia
s normal, P � .0001; leukopenia combined with thrombocytopenia
s thrombocytopenia, P � .0002; thrombocytopenia vs normal, P �
0314.
enia, P � .0280. H
D
 P

R
O

O
F

Correlation Between Hepatic Venous Pressure
Gradient and White Blood Cell Count and
Hemoglobin
There was a statistically significant correlation between

VPG and WBC at baseline by using Spearman correlation
Spearman correlation, �0.31; P � .0001, n � 213). Similarly, a
ignificant correlation was found between HVPG and Hgb
Spearman correlation, �0.35; P � .0001, n � 213) (Figure 5).

igure 5. (a) Correlation curve showing a relationship between WBC
nd HVPG at baseline (Spearman correlation, �0.31; P � .0001, n �
13). (b) Correlation curve showing a relationship between Hgb and

able 5. Clinical Decompensation During Follow-up in
Patients in the Normal HI, Thrombocytopenia, and
Leukopenia Combined With Thrombocytopenia
Groups (P � .0083)

Normal Thrombocytopenia

Leukopenia
combined with

thrombocytopenia

linical
decompensation

Yes 4 32 20
No 30 87 27

OTE. Group comparisons: normal vs leukopenia combined with
hrombocytopenia, P � .0031. Normal vs thrombocytopenia, P �
0714. Thrombocytopenia vs leukopenia combined with thrombocyto-
enia, P � .0633.
VPG at baseline (Spearman correlation, �0.35; P � .0001, n � 213). 246



E

H
(
P
3
a
l
p

H
t
m
6
h
b
f
b

s
r
c
c
fi
6
m
L
(
i
8
A
m
a
b
a

p

j
l
a

i
n
B
w
a
n
m
a
o
i
f
t
c
f
o

d
i
r
a
m
c
b
d
s
s
r
i
a
s
c
t
p
s
h
fl
m
s
w
s

F
i
L

T

N
T
L

N
t
p
P

Month 2009 ABNORMAL HEMATOLOGIC INDICES IN COMPENSATED CIRRHOSIS 5

247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307

F6

T6

247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

ARTICLE IN PRESS
U
N

C
O

R
R

EC
T

Hepatic Venous Pressure Gradient and
Abnormal Hematologic Indices
Baseline HVPG was significantly different among the 3

I groups (P � .0001). Compared with the normal group
8.6 � 2.6 mm Hg), the thrombocytopenia (11.5 � 4.1 mm Hg,
� .05) and leukopenia plus thrombocytopenia groups (14.1 �

.9 mm Hg, P � .05) had significantly higher HVPG. There was
significantly greater elevation of the HVPG in patients with

eukopenia plus thrombocytopenia than in the thrombocyto-
enia group (P � .05) (Figure 6).

Clinically significant portal hypertension (HVPG �10 mm
g) was more common at baseline in the leukopenia plus

hrombocytopenia group (42/47, 89%), compared with the nor-
al (11/34, 32%, P � .0001) and thrombocytopenia (73/119,

1%, P � .0003) groups. On follow-up, an HVPG �10 mm Hg
ad occurred in 45 of 47 (96%) of the leukopenia plus throm-
ocytopenia group, compared with 18 of 34 (53%, P � .0001)
or the normal and 90 of 119 (76%, P � .0018) for the throm-
ocytopenia groups (Table 6).

Discussion
Hematologic abnormalities are very common in cirrho-

is. Studies evaluating patients with varying severity of cirrhosis
eport an incidence of any HI from 6%– 64%.1– 8 A retrospective
hart review by Bashour et al1 compared the prevalence of
ytopenias between patients with cirrhosis and patients with
brosis as determined by liver biopsy. Among cirrhotic patients,
4% were found to have a platelet count less than 150,000 per
m3 compared with only 5.5% in the normal control group.

eukopenia was slightly increased in patients with cirrhosis
5%) compared with controls (3.3%). This difference in HI was
ndependent of the etiology of cirrhosis. In the current study,
4% of the subjects had a cytopenia on entry to the study.
mong these subjects, thrombocytopenia was the most com-
on abnormality present in 77% of the subjects. Both anemia

nd leukopenia were present with similar prevalence. The com-
ination of thrombocytopenia and leukopenia with or without
nemia was a frequent finding.

As would be expected from previous reports, thrombocyto-
enia was the most common abnormal HI, with the vast ma-

igure 6. HVPG among different HI groups expressed in median with
nterquartile ranges. Thrombo, thrombocytopenia only; Thrombo and
teuko, thrombocytopenia and leukopenia.
D
 P

R
O

O
F

ority being thrombocytopenic at baseline (77%). In contrast,
eukopenia was present in 42% of patients at baseline and
nemia in 37%.

Previous studies have reported a wide range for abnormal HI
n cirrhosis.1– 8 This might partly be due to the cross-sectional
ature of prior studies and the differing severities of cirrhosis.
ecause patients with differing severity of portal hypertension
ere included in the current study, analysis of the sequence of
bnormal HI in the normal group was conducted. Subjects with
ormal HI had lower baseline portal pressures suggestive of
ilder liver disease compared with the other groups. Once

gain, thrombocytopenia was the most common cytopenia to
ccur in 59% of the normal HI patients at a median 28 months

nto the study. Similarly, anemia and leukopenia occurred less
requently in 35% and 21% of patients, respectively. Median
ime of onset of both anemia and leukopenia could not be
alculated because less than 50% developed either cytopenia on
ollow-up, but on the basis of the Kaplan-Meier analysis, they
ccur later than thrombocytopenia.

The sequence of thrombocytopenia, leukopenia, and anemia
iffered, suggesting that the occurrence of cytopenias alone or

n combination reflects a different stage of cirrhosis. The cur-
ent study confirms that thrombocytopenia at baseline was
ssociated with a significantly increased risk of morbidity and
ortality as previously shown.13–16 However, a novel and clini-

ally important finding of this study is that leukopenia at
aseline was also associated with a significantly increased risk of
eath or transplant, whereas anemia was not found to be
ignificant. Because the natural history of compensated cirrho-
is is associated with a reduced life expectancy and the occur-
ence of leukopenia lags thrombocytopenia by almost 2.5 years,
t could be suggested that the presence of both abnormal HI is
ssociated with a poor prognosis. This was confirmed in the
tudy by showing that patients with leukopenia plus thrombo-
ytopenia at baseline had increased occurrence of death or
ransplant during 54.9 months of longitudinal follow-up, com-
ared with the normal HI and thrombocytopenia groups. This
uggests that patients with leukopenia plus thrombocytopenia
ave progressed in the course of compensated cirrhosis re-
ected by more severe portal hypertension (median HVPG, 14.1
m Hg) and increased morbidity related to clinical decompen-

ation and hepatocellular carcinoma compared with patients
ith normal HI. During the data collection for the primary

tudy, other important markers of morbidity such as gastroin-

able 6. Occurrence of HVPG �10 mm Hg Among the
Different Groups at Baseline (P � .0001) and on
Follow-up (P � .0001)

HVPG �10 mm Hg
at baseline (%)

HVPG �10 mm Hg
on follow-up (%)

ormal 11/34 (32) 18/34 (53)
hrombocytopenia 73/119 (61) 90/119 (76)
eukopenia combined with
thrombocytopenia

42/47 (89) 45/47 (96)

OTE. Pairwise comparisons: leukopenia combined with thrombocy-
openia vs normal, P � .05. Leukopenia combined with thrombocyto-
enia vs thrombocytopenia, P � .05. Thrombocytopenia vs normal,
� .05.
estinal bleeding, spontaneous bacterial peritonitis, prolonged 307
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U
N

C
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R
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T

ospitalization, intensive care unit stay, and poor quality of life
ere not collected. However, on the basis of the differences in

linical decompensation and hepatocellular carcinoma, it is
uite possible that these other morbidity markers would have
een more prevalent in the leukopenia plus thrombocytopenia
roup. Clinically significant portal hypertension (HVPG �10
m Hg) has been shown to have an increased risk of mortality

nd complications of portal hypertension.20 Other reports have
hown the importance of clinically significant portal hyperten-
ion.21–24

Liver-related mortality was more common in patients with
eukopenia plus thrombocytopenia at baseline compared with
ormal or thrombocytopenia groups. However, these differ-
nces were not significant. The occurrence of liver transplanta-
ion might have affected the analysis of liver-related mortality.
ecause survival of many patients with cirrhosis and clinical
ecompensation or hepatocellular carcinoma is grim without

iver transplantation, the occurrence of liver-related mortality
r transplantation was analyzed as a combined end point.
iver-related death or transplant was significantly more com-
on in patients with baseline leukopenia plus thrombocytope-

ia, thus confirming a poorer prognosis for such patients.
An additional consideration is that leukopenia in patients

ith cirrhosis might have contributed to a higher risk of infec-
ion and therefore to the mortality in non–liver-related deaths.
he occurrence of leukopenia might be associated with addi-

ional immunodeficiency effecting leukocyte extravasation and
ctivation and impaired cytokine release or function. Notably,
nly 1 non–liver-related death occurred out of 34 patients in
he normal group, which was unrelated to infection. In con-
rast, 5 non–liver-related deaths occurred out of 47 patients
n the leukopenia and thrombocytopenia group. Of these 5
atients, 4 had an infection or sepsis present at death. Patients
ith thrombocytopenia at baseline also had non-liver deaths

elated to infection or sepsis. These findings would be consis-
ent with previously published data that patients with cirrhosis
re at greater risk of infection and its associated complica-
ions.25–27

The presence or absence of anemia had no effect on the
nding of death or transplant, despite the later occurrence
uggested by our data. This might be explained by the fluctu-
tions that might occur with occult hemorrhage from portal
nd non-portal hypertensive causes, hemolysis, bone marrow
uppression from alcohol, and viral factors or alterations in
ematopoietic factors. Alternatively, unlike anemia, leukopenia

n cirrhosis might be associated with increasing the risk of
nfectious and malignant events caused by impaired immune
unction.

We have previously reported a significant correlation be-
ween portal pressures and platelet count.9 However, portal
ypertension alone was not sufficient to cause thrombocytope-
ia in compensated cirrhosis. A statistically significant correla-
ion between HVPG and WBC and Hgb was also found in the
urrent study. Compared with thrombocytopenia, portal hyper-
ension alone appears to contribute even less in the develop-

ent of anemia or leukopenia in cirrhosis, suggesting that
lterations in growth factors such as erythropoietin or alter-
tions in hematopoietic stem cell activity might play a greater
ole.

A limitation of the current study is the retrospective analysis

f data obtained in a prospective, randomized controlled trial.
D
 P

R
O

O
F

he death, transplant, and clinical decompensation data were
lso collected retrospectively for the patients who had reached
he primary end point, the development of esophageal varices.
hese findings might need to be validated in a prospective

tudy. Furthermore, studies are needed to determine why the
evelopment of leukopenia and anemia lag behind thrombocy-
openia in patients with compensated cirrhosis.

In conclusion, we have shown that in patients with compen-
ated cirrhosis and portal hypertension, thrombocytopenia is
he first cytopenia to develop, followed in a sequential fashion
y leukopenia and anemia. The combination of leukopenia
ith thrombocytopenia present at baseline is predictive of an

ncrease in morbidity and mortality.
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