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Impact of Platelet Count on Perioperative
Bleeding in Patients With Cirrhosis
Undergoing Surgical Treatments of Liver
Cancer

Vincenzo Ronca,' Matteo Barabino,” Roberto Santambrogio,Z## Enrico Opocher,z’3 James Hodson,* Emanuela Bertolini,5

Simone Birocchi,! Gaetano Piccolo,? PierMaria Battezzati,” Marco Cattaneo,! and Gian Marco Podda (' !

In patients with cirrhosis with severe thrombocytopenia (platelet count [PC] <50 x 10°/L) and undergoing invasive
procedures, it is common clinical practice to increase the PC with platelet transfusions or thrombopoietin receptor ago-
nists to reduce the risk of major periprocedural bleeding. The aim of our study was to investigate the association be-
tween native PC and perioperative bleeding in patients with cirrhosis undergoing surgical procedures for the treatment
of hepatocellular carcinoma (HCC). We retrospectively evaluated 996 patients with cirrhosis between 1996 and 2018
who underwent surgical treatments of HCC by liver resection (LR) or radiofrequency ablation (RFA) without prophy-
lactic platelet transfusions. Patients were allocated to the following three groups based on PC: high (100 x 10’/L),
intermediate (51-100 x 10°/L), and low (<50 x 10°/L). PC was also analyzed as a continuous covariate on multivariable
analysis. The primary endpoint was major perioperative bleeding. The overall event rate of major perioperative bleeding
was 8.9% and was not found to differ significantly between the high, intermediate, and low platelet groups (8.1% vs.
10.2% vs. 10.8%, P = 0.48). On multivariable analysis, greater age, aspartate aminotransferase, lower hemoglobin, and
treatment with LR (vs. RFA) were found to be significant independent predictors of major perioperative bleeding, with
associations with disease etiology and year of surgery also observed. After adjusting for these factors, the association
between PC and major perioperative bleeding remained nonsignificant. Conclusion: Major perioperative bleeding was
not significantly associated with PC in patients with cirrhosis undergoing surgical treatment of HCC, even when their
PC was <50 x 10°/L. With the limit of a retrospective analysis, our data do not support the recommendation of in-
creasing PC in patients with severe thrombocytopenia in order to decrease their perioperative bleeding risk. (Hepatology
Communications 2022;6:423-434).

he unstable balance of primary hemostasis,
coagulation, and fibrinolysis in liver cirrhosis
may be easily perturbed during invasive pro-
cedures and expose patients to bleeding and throm-

botic risks.” Thrombocytopenia (platelet count

<150 x 10’/L) and severe thrombocytopenia (platelet
count <50 x 10”/L) are reported in 76% and 10% of
patients with liver cirrhosis, respectively.*>"* Considering
the important role of platelets in hemostasis, patients
with cirrhosis undergoing invasive procedures may be

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinical Liver
Cancer; CI, confidence interval; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IQR, interquartile range; LR, liver
resection; MELD, Model for End-Stage Liver Disease; OR, odds ratio; PT, prothrombin time; REA, radiofrequency ablation; TPO, thrombopoietin;

TPO-RA, thrombopoietin receptor agonist.
Received May 4, 2021; accepted July 26, 2021.

*Actual affiliation: Liver Transplant and Hepatobiliary Unit, University Hospital of Birmingham National Health Service (NHS) Foundation
Trust, Birmingham, United Kingdom; #Unita di Chirurgia Generale, ASST Fatebenefratelli Sacco, Milano, Italy.
© 2021 The Authors. Hepatology Communications published by Wiley Periodicals LLC on behalf of American Association for the Study of Liver

Diseases. This is an open access article under the terms of the Creative Commons Attribution-INon Commercial-NoDerivs License, which permits use and

distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

View this article online at wileyonlinelibrary.com.

DOI 10.1002/hep4.1806

Potential conflict of interest: Nothing to report.

423


https://orcid.org/0000-0002-1791-8905
mailto:﻿
http://creativecommons.org/licenses/by-nc-nd/4.0/

RONCAETAL.

at heightened risk for excessive perioperative bleeding
when their platelet count is severely reduced. In national
guidelines, a threshold of 50 x 10°/L platelets is con-
sidered safe in patients with thrombocytopenia undergo-
ing invasive procedures, although this is based on weak
evidence.®” The same threshold is recommended in a
position paper from the Italian Association for the Study
of Liver Diseases and the Italian Society of Internal
Medicine that suggested administering platelet trans-
fusions to patients with cirrhosis with platelet counts
<50 x 10”/L before undergoing invasive procedures.®
However, this recommendation is not supported by clear
evidence stemming from ad hoc experimental studies®
that show a clear association between the severity of
thrombocytopenia and bleeding risk. Hence, there is no
evidence that any intervention aiming to increase the
platelet count (platelet transfusions or thrombopoietin
[TPO] mimetics) has a favorable risk-benefit profile.
The aim of this retrospective study was to investigate the
association between platelet count and major periopera-
tive bleeding in a cohort of patients at our center between
1996 and 2018 who had cirrhosis and underwent surgi-
cal treatments of hepatocellular carcinoma (HCC)? by
liver resection (LR) or radiofrequency ablation (RFA)™Y
without prophylactic platelet transfusions or other thera-
pies to increase the platelet count.

Patients and Methods
STUDY POPULATION

Details of all patients referred to the Surgical Unit
of Azienda Socio Sanitaria Territoriale Santi Paolo
e Carlo in Milan for surgical treatment for HCC in
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liver cirrhosis from 1996 to 2018 were prospectively
recorded in a database. All patients provided written
informed consent for their data to be used in research.
The database was retrospectively reviewed to extract
demographic, clinical, and biochemical data recorded
at the time of patient admission.

Liver cirrhosis was diagnosed either by liver biopsy
or as a result of clinical/biochemical and instrumental
findings."" The diagnosis of HCC was based on the
Barcelona 2000 European Association for the Study
of the Liver conference.’” The management of HCC
in our center is guided by a multidisciplinary team
that includes surgeons, radiologists, and hepatologists.
The Barcelona Clinical Liver Cancer (BCLC) criteria
published in 2012 were used to allocate the patient
to the appropriate treatment strategy.") Before 2012,
LR HCC management was determined according to
American Association for the Study of Liver Diseases
and BCLC guidelines.™ Patients who underwent
prophylactic platelet transfusions or whose records
were unavailable were excluded from the study.

DEFINITIONS AND OUTCOMES

The cohort of patients was initially stratified into
the following three groups for the purpose of the
study according to their platelet count at admission
and to commonly accepted criteria®; high platelet
count (platelet count >100 x 10°/L), intermediate
platelet count (moderate thrombocytopenia; platelet
count 51-100 x 10°/L), and low platelet count (severe
thrombocytopenia; platelet count <50 x 10%/L).

The primary outcome of the study was the rate
of major perioperative bleeding, which was defined
according to the criteria of the International Society
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on Thrombosis and Haemostasis.’® Secondary out-
comes were the major perioperative bleeding rates
within the RFA and LR subgroups separately and
mortality within 90 days of surgery.

STATISTICAL ANALYSIS

Initially, the cohort characteristics were compared
between the three platelet count groups. The distri-
butions of continuous variables were assessed graphi-
cally before analysis. Those found to be approximately
normally distributed were reported as mean + SD and
were compared across groups using one-way analysis
of variance tests. Non-normally distributed continuous
variables were reported as medians and interquartile
ranges (IQRs) and were compared across groups using
the Kruskal-Wallis test. Ordinal variables were also
analyzed using the Kruskal-Wallis test, with nominal
variables compared using the chi-squared test.

Platelet count was then treated as a continuous
variable and analyzed using a binary logistic regres-
sion model. This analysis was repeated within the
subgroups of patients treated with RFA and LR sep-
arately. A model was also produced with the plate-
let count, type of surgery, and an interaction term as
covariates such that the interaction term compared
the effect of platelet count between the RFA and LR
subgroups.

Univariable binary logistic regression models were
then produced for the other demographic, clinical,
and biochemical factors being assessed to identify
other predictors of major perioperative bleeding. For
continuous variables, the goodness of fit of the model
was assessed using the Hosmer-Lemeshow test with
variables being divided into categories based on the
quartiles where poor fit was detected. The platelet
count was then entered into a multivariable model
with a backwards stepwise approach (removal at
P> 0.1) used to identify other independent predictors
of outcomes.

Logistic regression models were summarized using
odds ratios (ORs) with 95% confidence intervals (Cls).
For continuous variables, the ORs were reported for a
unit increase that gave values of a reasonable magni-
tude; for example, the OR for platelets was reported
per 50 x 10°/L rather than per 1 x 10%/L. All anal-
yses were performed using IBM SPSS 22 (IBM
Corporation, Armonk, NY), with P < 0.05 deemed
to be indicative of statistical significance throughout.
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Results

CHARACTERISTIC OF THE STUDY
POPULATION

The cohort included 1,011 patients admitted to
our hospital between 1996 and 2018. Of these, 7
patients were excluded because they received prophy-
lactic platelet transfusions; a further 8 patients were
excluded due to missing data for either the platelet
count or the primary outcome. Thus, 996 patients
were included in the analysis (Fig. 1).

The main characteristics of the patients are sum-
marized in Table 1. The median platelet count for the
cohort as a whole was 115 x 10°/L (IQR, 80-163). In
total, 607 (60.9%) patients belonged to the high platelet
count group (median platelet count, 150 x 10°/L; IQR,
121-191),315 (31.6%) to the intermediate platelet count
group (77 x 10°/L; IQR, 64-89), and 74 (7.4%) to the
low platelet count group (39 x 10°/L; IQR, 32-46). The
patient with the most severe thrombocytopenia had a
platelet count of 14 x 10’/L. The majority of patients
had Child A cirrhosis (n = 897, 90.2%), with only a sin-
gle patient having Child C liver cirrhosis. RFA was per-
formed in 579 patients (58.1%), of whom 504 (87.0%)
underwent laparoscopic procedures; the remaining 417
patients (41.9%) underwent LR, which was performed
by a laparotomic approach in 392 cases (94.0%).

Comparisons across the platelet count groups found
patient age, liver function (as quantified by alanine
aminotransferase [ALT], aspartate aminotransferase
[AST], alkaline phosphatase [ALP], prothrombin
time [PT], and bilirubin), hemoglobin, and creatinine
levels to increase significantly with the severity of
thrombocytopenia (Table 1). The median Model for
End-Stage Liver Disease (MELD) score, frequency of

All Admissions
N=1,011

Exclusions

Missing Platelet Count (n = 4)
Missing Outcome Data (n = 4)
ic Platelets Tr

jon (n=7)

Prophy.

Included Patients
n =996

PIt = 51-100 x 10°/L.
n=315

[
PIt >100 x 10°/L.
n = 607

PIt <50 x 10°/L.
n=74

FIG. 1. Flow diagram of patients included in the analysis.
Abbreviation: Plt, platelet count.
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TABLE 1. COHORT CHARACTERISTICS BY PLATELET COUNT GROUP

Platelet Count Group

High Intermediate Low
Number Overall (>100x 107L)  (51-100x 10°L) (<50 x 10°/L) PValue

Platelet count (x10%/L) 996 115 (80,163) 150 (121,191) 77 (64,89) 39 (32, 46) N/A
Age af surgery (years) 995 70 (64,75) 71 (65,76) 69 (63,74) 66 (61,771) <0.001
Sex (% female) 996 253 (25.4%) 149 (24.5%) 86 (27.3%) 18 (24.3%) 0.64
Hemoglobin (g/dL) 992 135+1.8 13718 13417 12917 <0.001
PT 995 1.10(1.04,1.19) 1.07 (1.02,1.14) 1.16 (1.08,1.23) 1.25(1.13,1.37) <0.001
Bilirubin (mg/dL) 987 1.00 (0.70, 1.40) 0.89 (0.65,1.15) 1.21(0.90,1.72) 1.60 (1.10,2.09) <0.001
Albumin (g/dL) 991 3.82 £0.55 3.95+0.51 3.66 +0.54 3.45+0.51 <0.001
Creatinine (mg/dL) 877 0.83(0.70,1.00) 0.85(0.70,1.01) 0.80(0.70,0.98) 0.84 (0.70,1.05) 0.04
ALT (IU) 995 50 (31,87) 43 (29,77) 60 (36,97) 74 (39,113) <0.001
AST (IU) 995 52 (33,88) 45 (30,78) 67 (41,103) 73 (41,122) <0.001
ALP (IU) 901 139 (89,235) 129 (84,213) 145 (98,266) 183 (128,291) <0.001
Cirrhosis efiology 996 <0.001

HCV 645 (64.8%) 359 (59.1%) 233 (74.0%) 53 (71.6%)

HBV 146 (14.7%) 114 (18.8%) 25 (7.9%) 7 (9.5%)

Cryptogenetic 21 (2.1%) 13 (2.1%) 4 (1.3%) 4 (5.4%)

Others 184 (18.5%) 121 (19.9%) 53 (16.8%) 10 (13.5%)
MELD score 932 8(7,10) 8(7.9) 98,11 11(9.13) <0.001
Child score 995 <0.001

A 897 (90.2%) 582 (96.0%) 261 (82.9%) 54 (73.0%)

B/C 98 (9.8%) 24 (4.0%) 54 (17.1%) 20 (27.0%)
Varices 938 <0.001*

FO 666 (71.0%) 477 (83.4%) 159 (53.0%) 30 (45.5%)

F1 197 (21.0%) 77 (13.5%) 98 (32.7%) 22 (33.3%)

F2/F3 75 (8.0%) 18 (3.1%) 43 (14.3%) 14 (21.2%)
BCLC 980 <0.001*

Al 364 (37.1%) 307 (51.9%) 56 (17.8%) 1(1.4%)

A2 130 (13.3%) 35 (5.9%) 75 (23.9%) 20 (27.0%)

A3 87 (8.9%) 19 (3.2%) 53 (16.9%) 15 (20.3%)

A4 302 (30.8%) 148 (25.0%) 117 (37.3%) 37 (50.0%)

Other (B, C,D) 97 (9.9%) 83 (14.0%) 13 (4.1%) 1(1.4%)
Number of lesions 996 0.14*

1 720 (72.3%) 452 (74.5%) 217 (68.9%) 51 (68.9%)

2 193 (19.4%) 110 (18.1%) 70 (22.2%) 13 (17.6%)

3 83 (8.3%) 45 (7.4%) 28 (8.9%) 10 (13.5%)
Type of surgery 996 <0.001

Resection 417 (41.9%) 288 (47.4%) 113 (35.9%) 16 (21.6%)

RFA 579 (58.1%) 319 (52.6%) 202 (64.1%) 58 (78.4%)
Surgical approach 996 <0.001

Laparoscopic 529 (63.1%) 279 (46.0%) 196 (62.2%) 54 (73.0%)

Laparotomy 467 (46.9%) 328 (54.0%) 119 (37.8%) 20 (27.0%)
Year of surgery 996 <0.001*

1996-2003 197 (19.8%) 105 (17.3%) 60 (19.0%) 32 (43.2%)

2004-2008 218 (21.9%) 140 (23.1%) 67 (21.3%) 11 (14.9%)

2009-2013 365 (36.6%) 212 (34.9%) 131 (41.6%) 22 (29.7%)

2014-2018 216 (21.7%) 150 (24.7%) 57 (18.1%) 9 (12.2%)

Data are reported as median (IQR), with P values from the Kruskal-Wallis test; mean + SD, with P values from one-way analysis of vari-

ance; or as n (column %), with P values from the chi-squared test, unless stated otherwise. P < 0.05 is considered significant.
*P value from the Kruskal-Wallis test, as the factor is ordinal.

Abbreviation: N/A, not available.
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TABLE 2. PATIENT OUTCOMES BY PLATELET COUNT GROUP

Platelet Count Group

Outcome Overall High (>100 x 10°L)  Intermediate (51-100 x 10°L)  Low (<50 x 10°L)  PValue
Primary outcome
Mojor perioperative bleeding 89/996 (8.9%) 49/607 (8.1%) 32/315 (10.2%) 8/74 (10.8%) 0.48
Secondary outcomes
Major bleeding by type of surgery
Patients undergoing RFA 33/579 (5.7%)* 16/319 (5.0%) 12/202 (5.9%) 5/58 (8.6%) 0.54
Patients undergoing LR 56/417 (13.4%)* 33/288 (15.9%) 20/113 (17.7%) 3/16 (18.8%) 0.21
90-Day mortality® 35/965 (3.6%) 14/586 (2.4%) 17/307 (5.5%) 4172 (5.6%) 0.04

Data are reported as n/total n (%), with P values from the chi-squared test. P < 0.05 is considered significant.
*Rate of bleeding events is significantly higher in LR versus RFA (P < 0.001).

"Excludes n = 31 patients who were lost to follow-up.

Child B/C, severity of variceal varices, and tumor stag-
ing according to the BCLC staging system increased
significantly with the severity of thrombocytopenia. A
significant difference in the operative approach was
also observed, with patients with thrombocytopenia
more commonly treated by RFA and, consequently,
having a higher rate of laparoscopic procedures.

MAJOR PERIOPERATIVE BLEEDING
EVENTS BY PLATELET COUNT

Across the cohort as a whole, the rate of major
perioperative bleeding was 8.9% (89/996). There was
no statistically significant difference in the rate of
major perioperative bleeding across the three platelet
count groups, with rates of 8.1% in the high, 10.2% in
the intermediate, and 10.8% in the low platelet count
groups, respectively (P = 0.48; Table 2). The major
perioperative bleeding rate was significantly higher in
patients who underwent LR compared to RFA (13.4%
vs. 5.7%, P < 0.001). However, subgroup analysis by the
type of surgery found no significant differences in major
bleeding rates by platelet count group within either the
LR (P =0.21) or RFA (P = 0.54) subgroups.

Given the relatively small number of cases in the
low platelet count group, the platelet count was also
analyzed as a continuous variable in an attempt to
increase statistical power. Analysis of the cohort as
a whole found no evidence of a significant associa-
tion between platelet count and major perioperative
bleeding, with an OR of 0.94 per 50 x 10°/L (95%
CI, 0.79-1.12; P = 0.52), as visualized in Fig. 2A and
Table 3. Subgroup analysis by the type of surgery
found similar trends in patients undergoing RFA and
LR (interaction term, P = 0.33), with ORs of 0.75 per

50 x 10°/L (95% CI, 0.53-1.06; P = 0.10) and 0.92
per 50 x 10%/L (95% CI, 0.74-1.13; P = 0.42), respec-
tively (Fig. 2B; Table 3).

RISK FACTORS FOR MAJOR
PERIOPERATIVE BLEEDING

A multivariable analysis was then performed to
identify significant independent predictors of major
perioperative bleeding and to quantify any effect of
platelet count after adjusting for these (Table 4). This
model identified greater age (P = 0.04) and AST
(P = 0.001), lower hemoglobin (P < 0.001), and
treatment with LR (vs. RFA, P < 0.001) to be sig-
nificant independent predictors of major perioperative
bleeding, with significant differences across etiologies
(P = 0.03) and the year of surgery (P = 0.04) also
observed. After adjusting for these factors, the associ-
ation between platelet count and major perioperative
bleeding remained nonsignificant, with an OR of 0.89
per 50 x 10°/L (95% CI,0.71-1.11; P = 0.30)

RISK FACTORS FOR 90-DAY
MORTALITY

Analysis of mortality excluded 31 patients who
were lost to follow-up before 90 days; for the remain-
ing 965 patients, the 90-day mortality rate was 3.6%
(35/965). Comparison across the three platelet count
groups found a significant difference in 90-day mor-
tality rates (P = 0.04; Table 2), increasing from 2.4%
in those with high platelets to 5.5% and 5.6% in the
intermediate and low platelet groups, respectively.

On multivariable analysis (Table 5), greater patient
age, hemoglobin, bilirubin, BCLC staging and MELD
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FIG. 2. Associations between platelet count and major perioperative bleeding/90-day mortality. Associations with (A) overall major
perioperative bleeding and (B) by type of surgery. Trend lines are as per the models described in Table 3. Points represent the observed
outcome rates within deciles of the distribution of platelets and are plotted as the mean of the interval.

TABLE 3. UNIVARIABLE BINARY LOGISTIC
REGRESSION OF THE ASSOCIATION BETWEEN
PLATELET COUNT AND MAJOR PERIOPERATIVE
BLEEDING

Major Perioperative Bleeding

OR per 50 x 10°/L

(95% Cl) PValue
Whole cohort 0.94 (0.79-1.12) 0.52
By type of surgery
Patients undergoing RFA 0.75 (0.53-1.06) 0.10
Patients undergoing LR 0.92 (0.74-1.13) 0.42

Interaction term, P=0.33

Odds ratios are from univariable binary logistic regression models
with the platelet count as a continuous covariate and are reported
per 50 x 10”/L increase. Separate models were produced for the
cohort as a whole and within subgroups defined by the type of sur-
gery. Models were then produced with the platelet count, type of
surgery, and an interaction term as covariates. As such, this interac-
tion term represented a comparison between the ORs in the surgi-
cal subgroups. P < 0.05 is considered significant.

scores, and lower albumin were found to be signif-
icant independent predictors of 90-day mortality. In
addition, laparotomic surgery and major perioperative
bleeding were also significant independent predictors
of 90-day mortality. After adjusting for these fac-
tors, no significant association between platelet count
and 90-day mortality was detected (OR, 0.93 per
50 x 10%/L; 95% CI, 0.60-1.45; P = 0.762). However,
the small number of outcomes included in the multi-
variable model of 90-day mortality likely resulted in
the analysis being underpowered and may have led to
a degree of overfitting; hence, these results should be
interpreted with caution.
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Discussion

In this retrospective study, we failed to detect a
statistically significant association between throm-
bocytopenia and major perioperative bleeding in a
cohort of 996 patients with cirrhosis who underwent
RFA or LR for HCC without prophylactic platelet
transfusions. In particular, patients with a platelet
count <50 x 10°/L, for whom platelet transfusions
are recommended,® had a frequency of major bleed-
ing events not significantly higher than patients with
higher platelet counts, with similar trends observed
when the subgroups undergoing RFA and LR were
assessed separately. Furthermore, when treating the
platelet count as a continuous variable, no significant
association with major perioperative bleeding was
observed either on univariable analysis or after adjust-
ing for the effect of confounding factors on multivari-
able analysis. To our knowledge, this is the first study
to have evaluated the incidence of major perioperative
bleeding events in patients with severe thrombocyto-
penia and cirrhosis undergoing surgery in the absence
of prophylactic platelet therapy.

While there is currently limited evidence regarding
perioperative bleeding, the association between throm-
bocytopenia and postprocedural bleeding has previ-
ously been evaluated. Napolitano et al.’”) assessed a
cohort of 363 patients with cirrhosis who underwent
852 invasive procedures, mostly associated with a low
or intermediate bleeding risk, and observed only 10
postprocedural bleeds, none of which were related to
the platelet count. Recently, Zanetto et al.'® showed
that a platelet count <50 x 10°/L was not associated
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TABLE 4. UNIVARIABLE AND MULTIVARIABLE ANALYSIS OF VARIABLES ASSOCIATED WITH MAJOR

PERIOPERATIVE BLEEDING

Univariable Models

Multivariable Model

OR (95% Cl) PValue OR (95% Cl) PValue

Platelet count (per 50 x 10%L) 0.94 (0.79-1.12) 0.52 0.89 (0.71-1.11) 0.30
Age at surgery (per decade) 1.48 (1.12-1.96) 0.006 1.39 (1.02-1.90) 0.04
Sex (female) 2.53 (1.62-3.95) <0.001 - NS
Hemoglobin (per 1 g/dL) 0.62 (0.55-0.71) <0.001 0.53 (0.45-0.62) <0.001
PT (>1.5) 0.68 (0.09-5.24) 0.71 - NS
Bilirubin (per 1 mg/dL) 1.10 (0.83-1.45) 0.50 - NS
Albumin (per 1 g/dL) 0.71 (0.48-1.06) 0.09 NS
Creatinine (mg/dL)* 0.08 NS

<0.70 - -

0.70-0.84 1.10 (0.55-2.19) 0.78

0.85-0.99 0.57 (0.24-1.38) 0.21

1.00+ 1.54 (0.78-3.04) 0.21 - -
AST (per 10 IU) 1.04 (1.00-1.07) 0.05 1.08 (1.03-1.13) 0.001
Cirrhosis efiology 0.03 0.03

HCV - - - -

HBV 0.63 (0.32-1.26) 0.20 1.20 (0.52-2.78) 0.67

Cryptogenic 2.03 (0.66-6.21) 0.22 2.64 (0.70-9.93) 0.15

Others 0.39 (0.18-0.83) 0.02 0.21 (0.06-0.72) 0.01
MELD score (per point) 1.07 (0.98-1.16) 0.13 - NS
Child score (B/C) 1.49 (0.78-2.84) 0.23 NS
Varices 0.79 NS

FO - -

F1 1.10 (0.63-1.91) 0.75

F2/F3 1.30 (0.59-2.84) 0.51
BCLC 0.11 NS

Al - -

A2 1.567 (0.79-3.11) 0.20

A3 1.14 (0.48-2.71) 0.77

A4 1.07 (0.60-1.92) 0.82

B-D 2.38 (1.21-4.69) 0.01
Number of lesions 0.63 NS

1 - -

2 0.75(0.41-1.36) 0.35

3 0.88 (0.39-1.99) 0.77 -
Type of surgery <0.001 <0.001

RFA - - - -

Resection 2.57 (1.64-4.03) <0.001 5.46 (3.00-9.93) <0.001
Surgical approach <0.001 NS

Laparoscopic - -

Laparotomy 2.28 (1.44-3.59) <0.001
Year of surgery 0.45 0.04

1996-2003 - - - -

2004-2008 0.90 (0.43-1.88) 0.77 0.42 (0.15-1.17) 0.10
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TABLE 4. Continued

Univariable Models

Multivariable Model

OR (95% Cl) PValue OR (95% Cl) PValue
2009-2013 1.41 (0.76-2.63) 0.28 1.29 (0.55-3.01) 0.55
2014-2018 1.31 (0.652.61) 0.45 1.30 (0.51-3.31) 0.58

Results for the univariable analysis are from individual binary logistic regression models. Platelet count was then entered into a multivari-
able model, with a backwards stepwise approach used to select other factors for inclusion. The final model was based on n = 836 (n = 76
outcomes), after excluding cases with missing data for any of the factors considered for inclusion in the model. ORs are reported for the
stated number of units increase for continuous variables or for the stated category relative to the reference category for nominal variables.

P < 0.05 is considered significant.

*Goodness of fit testing indicated poor model fit when creatinine was treated as a continuous variable, hence it was categorized based on

the quartiles for analysis.

Abbreviation: NS, not selected by the stepwise procedure for inclusion in the final multivariable model.

with procedure-related bleeding in a prospective
cohort of 72 patients with decompensated cirrhosis.
There are also several studies assessing postbiopsy
bleeding rates. For example, in a retrospective study
of 2,740 liver biopsies in patients with chronic liver
disease (40% with cirrhosis), Seeff et al.®? reported a
bleeding event rate of 5.3% in patients with a platelet
count <60 x 10°/L, which was greater than in patients
with higher platelet counts; presence of any esophageal
varices, PT/international normalized ratio 1.3, and
low serum albumin levels were additionally found to
be associated with postbiopsy bleeding on univariable
analysis. 1 Similarly, two smaller retrospective studies
found significant associations between platelet counts
<70 x 10°/L or <60 x 10°/L and bleeding risk after
liver biopsy.?**" On the other hand, Ewe'? did not
report any association between platelet count and the
risk of bleeding in 200 patients with hepatic disease
undergoing liver biopsy, of whom 29% had liver cir-
rhosis. As such, evidence in the literature is currently
unclear regarding the presence of any association
between severe thrombocytopenia and bleeding after
liver biopsy.

The lack of association between (severe) thrombo-
cytopenia and major perioperative bleeding in patients
with cirrhosis observed in the current study could be
explained based on the demonstration that the effi-
ciency of primary hemostasis in liver cirrhosis with
severe thrombocytopenia is at least partly counterbal-
anced by increased concentration and activity of the
von Willebrand factor (VWF) and also as a conse-
quence of the presence of low plasma levels of a disin-
tegrin and metalloprotease with thrombospondin type
1 repeats 13 (ADAMTS-13),%® which cleaves the
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“supranormal” VWF multimers with high hemostatic
activity.(24) We believe that our data support the sug-
gestion that patients with liver cirrhosis who need to
undergo invasive procedures do not need to have their
platelet count increased above the (arbitrary) level
of 50 x 10°/L. This conclusion is reinforced by the
research indicating that the two approaches commonly
used to increase the platelet count may not necessarily
be effective and are potentially associated with adverse
effects. The primary treatment for thrombocytopenia
is platelet transfusion.® However, there is evidence
that this may be ineffective in increasing the plate-
let counts of patients with cirrhosis'’”’ and could also
induce isoimmunization, anaphylactic reactions, and
transfusion-related acute lung injury.(zs’%) The other
common approach to increase platelet counts is the
use of TPO receptor agonists (TPO-RAs). Several
studies have shown that TPO-RAs are efficacious in
increasing the platelet count in patients with chronic
liver disease.?73V However, their use is associated
with increased risk of thrombotic events,(Sz) which
may be particularly relevant in patients with liver cir-
rhosis who are now considered at increased throm-
botic risk® and prone to developing portal vein
thrombosis (PVT), which is associated with unfa-
vorable prognosis.*¥ Although there is currently no
clear evidence that TPO-RAs are associated with an
increased risk of PVT in patients with chronic liver
disease undergoing invasive procedures, ** 313536 ye
believe that these drugs should be used with caution
until their safety profile in this group of patients can
be confirmed.

In our analyses, lower hemoglobin values were
found to be a significant independent predictor of
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TABLE 5. UNIVARIABLE AND MULTIVARIABLE ANALYSIS OF VARIABLES ASSOCIATED WITH 90-DAY
MORTALITY

Univariable Models

Multivariable Model

OR (95% Cl) PValue OR (95% CI) PValue

Platelet count (per 50 x 107/L) 0.80 (0.59-1.08) 0.15 0.93 (0.60-1.45) 0.76
Age at surgery (per decade) 1.16 (0.77-1.74) 0.48 1.67 (1.01-2.77) 0.05
Sex (female) 1.53(0.75-3.11) 0.25 - NS
Hemoglobin (per 1 g/dL) 0.92 (0.76-1.10) 0.35 1.36 (1.03-1.80) 0.03
PT (>1.5) 3.96 (0.86-18.14) 0.076 - NS
Bilirubin (per 1 mg/dL) 1.63(1.21-2.19) 0.001 2.03 (1.28-3.21) 0.003
Albumin (per 1 g/dL) 0.44 (0.24-0.81) 0.008 0.34 (0.14-0.82) 0.02
Creatinine (per 1 mg/dL) 1.45 (0.96-2.19) 0.077 - NS
AST (per 10 IU) 1.05(1.00-1.11) 0.04 NS
Cirrhosis efiology 0.43 NS

HCV - -

HBV 0.91 (0.34-2.42) 0.85

Cryptogenic 2.65 (0.58-12.05) 0.21

Others 0.60 (0.21-1.76) 0.36 - -
MELD score (per point) 1.21 (1.09-1.33) <0.001 1.25 (1.06-1.48) 0.009
Child score (B/C) 3.35 (1.52-7.39) 0.003 - NS
Varices 0.66 NS

FO - -

F1 1.22 (0.53-2.79) 0.64

F2/F3 1.61(0.54-4.81) 0.39 -
BCLC 0.001 0.01

Al - - - -

A2 2.82 (0.89-8.90) 0.08 2.31(0.60-8.91) 0.22

A3 2.81(0.77-10.18) 0.12 1.13(0.23-5.63) 0.88

A4 1.58 (0.54-4.60) 0.40 0.36 (0.07-1.85) 0.22

B-D 7.27 (2.61-20.21) <0.001 4.87 (1.53-15.44) 0.007
Number of lesions 0.62 NS

1 - - -

2 0.69 (0.26-1.83) 0.46 -

3 1.33 (0.45-3.93) 0.60 -
Type of surgery 0.004 NS

RFA - - -

Resection 2.84 (1.39-5.77) 0.004 -
Surgical approach 0.02 0.009

Laparoscopic - - - -

Laparotomy 2.30 (1.13-4.67) 0.02 4.20 (1.44-12.27) 0.009
Major perioperative bleeding 7.04 (3.41-14.56) <0.001 5.18 (1.96-13.68) <0.001
Year of surgery 0.76 NS

1996-2003 - -

2004-2008 1.13 (0.44-2.92) 0.80

2009-2013 0.73 (0.29-1.86) 0.51 -

2014-2018 0.77 (0.26-2.28) 0.64 -

Results for the univariable analysis are from individual binary logistic regression models. Platelet count was then entered into a multivari-
able model, with a backwards stepwise approach used to select other factors for inclusion. The final model was based on n = 810 (n = 30
outcomes), after excluding cases with missing data for any of the factors considered for inclusion in the model. ORs are reported for the
stated number of units increase for continuous variables or for the stated category relative to the reference category for nominal variables.

P < 0.05 is considered significant.

Abbreviation: NS, not selected by the stepwise procedure for inclusion in the final multivariable model.
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major perioperative bleeding. This confirms the results
of previous studies that have shown low hematocrit
values and anemia to be associated with increased
risk of bleeding in patients with cirrhosis,(37’38) likely
because anemia is a general marker of frailty and/or
due to the role played by red blood cells in hemosta-
sis. On the other hand, there is some evidence that a
larger intravascular volume might increase the risk of
perioperative bleeding in patients with portal hyper-
tension.®” Tt is important to note that none of our
patients received a red blood cell transfusion before
surgery; hence, there was no iatrogenic effect on the
intravascular volume in our cohort of patients.

Regarding the type of HCC surgical treatment, LR
was found to be associated with a higher risk of major
perioperative bleeding than RFA. This finding is con-
sistent with those reported in similar cohorts“***? and
is not unexpected considering that LR is a more invasive
procedure than RFA. Our analysis found no significant
association between PT and major perioperative bleed-
ing events, which is in keeping with what is reported in
the literature™ this confirms the inadequacy of PT to
predict bleeding in patients with cirrhosis.

In addition to assessing bleeding events, the cur-
rent study also analyzed 90-day mortality as a sec-
ondary outcome. This found some evidence to suggest
that severe thrombocytopenia was associated with
increased 90-day mortality. However, this association
was not found to be significant on multivariable anal-
ysis after adjustment for other confounding factors.
This may imply that thrombocytopenia was acting as
a surrogate marker of disease severity on univariable
analysis; hence, the effect may not have been causal.
Alternatively, this may reflect a false-negative error
on account of low statistical power of analyses of this
outcome due to the relatively small number of deaths
in the cohort. In contrast to our finding, other studies
have reported thrombocytopenia to be independently
associated with adverse outcomes, such as mortality
or liver failure, in patients with cirrhosis undergoing
surgery, **¥ although the literature is not conclusive
in this regard.<49)

A total of 29.0% of patients in our cohort had clin-
ically significant portal hypertension. Portal hyperten-
sion has been reported as a relative contraindication
for liver surgery due to an increased risk of short- and
long-term mortality. In our cohort, we did not find
any significant correlation between the presence of
varices and 90-day mortality. It should be noted that
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no patients in our retrospective cohort underwent
measurement of hepatic venous pressure gradient;
the presence of varices was instead based on endos-
copy reports. Moreover, our overall mortality rate was
3.6%, just above the recommended threshold for the
indication of surgical treatment by the most recent
European Association for the Study of the Liver
guidelines,(so) but it is significantly higher in patients
with lower platelet count, which might reflect a worse
portal hypertension in this group. It is likely a degree
of case-selection bias in selecting for surgical treat-
ment the healthiest patients with portal hypertension;
this mitigates its effect on the outcome.

Our study has several limitations. First, it spans
our 20 years of experience during which time surgi-
cal techniques have changed, and this may have influ-
enced the frequency of bleeding events. However, we
adjusted for the year of surgery on multivariable anal-
ysis in an attempt to mitigate this effect. Second, the
numbers of patients and major perioperative bleeding
events in the severe thrombocytopenia group were rel-
atively small. As such, the statistical power of compar-
isons against this group will have been low, increasing
the risk of a false-negative error. To increase the sta-
tistical power, the analysis was also repeated treating
the platelet count as a continuous covariate, and this
approach was used in the multivariable analysis. The
analysis of the secondary outcome of 90-day mortal-
ity was also affected by this limitation, with the small
sample size also increasing the risk of overfitting in
the multivariable model of this outcome.

In conclusion, major perioperative bleeding was not
found to be significantly associated with the platelet
count in patients with cirrhosis undergoing surgi-
cal treatment of HCC without therapies to increase
platelet count, even when the platelet count was
<50 x 10°/L. With the limit of a retrospective anal-
ysis, our data do not support the recommendation of
increasing platelet counts (e.g., by platelet transfusion
or use of TPO in patients) in an attempt to decrease
their perioperative bleeding risk.

Acknowledgment: We thank Prof. M. Zuin for his con-

tribution on this work.
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