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Abstract

Introduction: Since cirrhotic patients undergoing hepatic resection
are at increased risk of developing postoperative coagulopathy,
epidural catheter placement in this group of patients is still debated.
This retrospective study aimed to evaluate postoperative course of
coagulation parameters after surgical hepatic resection in cirrhotic
patients and their relation to extent of resection and perioperative
risk factors.

Methods: Perioperative data from 232 hepatic resections performed
in cirrhotic patients were reviewed. We defined postoperative
coagulopathy the occurrence of a postoperative platelet count <
100,000/pL and/or INR value = 1.5. Logistic regression was used
to assess the association between postoperative coagulopathy
and several potential risk factors, while general linear model for
repeated measures was used to compare postoperative course of
coagulation parameters.

Results: 98 patients (42.24%) showed an abnormal coagulation
profile at least once during the first 7 postoperative days. None
of the analyzed parameters resulted statistically associated with
the development of postoperative coagulopathy. Postoperative
INR course was significantly different in patients undergoing minor
resections with better values, while platelet count was not.

Conclusions: Postoperative coagulopathy after hepatic resections
is a common issue in cirrhotic patients, which may limit the
feasibility of invasive procedures such as epidural catheter
placement. Multivariate analysis didn’t show any association
between investigated risk factors and postoperative coagulopathy.
Postoperative course of coagulation parameters in cirrhotic patients
with normal preoperative coagulation tests undergoing minor liver
resection seems to be compatible with epidural catheter placement
and management.
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score: Child Turcotte Pugh score; POD: Postoperative Day;
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International normalized ratio; PLT: Platelet Count; MELD: Model of
End-Stage Liver Disease; MAC: Minimum Alveolar Concentration;
TEG: Thromboelastography; FFP: Fresh Frozen Plasma

Introduction

Hepatocellular Carcinoma (HCC) represents one of the most
common tumors worldwide and, in the majority of the cases, occurs
in patients with chronic underlying liver disease mainly caused by
hepatitis B and C viruses [1]. In cirrhotic patients, resection of HCC
requires expert candidate selection, adequate skills in carrying out
the surgical procedure, and optimal postoperative management [2].

In addition, liver resection poses many challenges for the
anaesthesiologist,  including intraoperative =~ haemodynamic
instability and coagulopathy even when liver function tests are
normal preoperatively [3]. The use of epidural analgesia in this group
of patients potentially confers several benefits, including improved
intraoperative haemodynamic stability and improved post-operative
pain control [4]. However, these advantages have to be balanced
against the risks of epidural catheter placement and removal if
patients develop postoperative coagulopathy on the basis of liver
dysfunction [5,6].

Although most recent studies investigated the changes in
postoperative coagulation profile after curative hepatic surgery in
mainly non cirrhotic patients [3,7,8], while others examined only
healthy donors for donor hepatectomies [9-11], there are currently
no literature studies focused exclusively on cirrhotic patients. In most
of these previous studies, HCC in liver cirrhosis was not a common
surgical diagnosis for hepatic resection; moreover, information about
co-existing liver disease was not always given.

The aims of present study were the following:

1. To examine the changes of coagulation parameters after
surgical hepatic resection in cirrhotic patients and, in particular, the
relationship between postresection coagulation and the extent of
hepatectomy.

2. To investigate the relationship between postresection
coagulation parameters and intraoperative fluid infusions, Pringle
maneuver, length of surgical procedure, BMI, MELD, CTP score and
portal hypertension in order to determine possible risk factors for the
development of a postoperative coagulopathy.
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Materials and Methods

After Hospital Ethics Committee approval (approval number:
282/2013/0/0ssN), this retrospective observational study included
all cirrhotic patients who underwent laparotomic liver resection
between January 2007 and November 2012.

Inclusion criteria were: age > 18 years, histologic-proven liver
cirrhosis, open liver resection surgery for HCC.

Exclusion criteria were: abnormal preoperative coagulation
profile, laparoscopic liver resection.

We defined abnormal coagulation profile the presence of
INR values > 1.5 and/or platelet count < 100,000/pL in the first 7
Postoperative Days (POD) [12].

We chose to exclude patients with abnormal preoperative
coagulation profile because of the relative contraindication to epidural
catheter placement in this sub-group even if patients included in the
study did not receive epidural anesthesia.

Major hepatic resection was defined as a resection of three or more
hepatic segments, while minor hepatic resection as a resection of two
or less hepatic segments with reference to the IHPBA classification;
all resections were performed to achieve a tumor-free margin of at
least 1 cm based on intraoperative examination and ultrasonography.

Anesthetic management for liver resection at our unit includes:
general endotracheal anesthesia, arterial line and central venous
catheter placement for fluid infusions, hemodynamic monitoring,
and acid-base parameter measurement.

Fluid infusions are kept minimal during hepatic dissection to keep
low central venous pressure (< 5 mmHg) in order to reduce bleeding,
while red blood cells are transfused when hematocrit is lower than
27% and/or hemoglobin is lower than 8 g/dL. Patient’s hypothermia
is prevented by warm fluid infusion, forced-air warming and the use
of warm water on the surgical field.

Perioperative coagulation alterations are corrected with fresh
frozen plasma infusion if INR is > 1.5 and there are clinical signs of
active bleeding [13].

Data collected preoperatively included patient characteristics,
underlying surgical pathology, aetiology of cirrhosis, Child-Pugh
Classification of hepatic disease as well as MELD score, baseline
coagulation profile and blood tests.

The analyzed intraoperative data included the type of hepatic

resection, duration of sugery, the duration of vascular occlusion
techniques (continuous or intermittent Pringle maneuver) and fluid
infusions and transfusions of blood products.

The collected postoperative blood tests were platelet count and
INR values from POD 1 to POD 7.

Statistical Analysis

Categorical data were expressed as numbers (percentages),
continuous variables as mean and standard deviation.

Differences in preoperative data between groups undergoing
major and minor liver resection were evaluated with t-test for
continuous variables and Chi square test or Fisher exact test for
nominal variables.

In order to evaluate risk factors for the development of a
postoperative abnormal coagulation profile, univariate and
multivariable logistic regression analysis was performed separately for
the two conditions INR value > 1.5 and platelet count <100,000/pL.

The following parameters were considered for analysis:

BMI, portal hypertension, diabetes, CTP and MELD scores,
duration of surgery, duration of vascular occlusion technique (Pringle
maneuver), transfusion of blood products and fresh frozen plasma
and infusion of crystalloids and colloids.

Multivariable logistic regression analysis was conducted on
variables that reached p<0.2 at univariate analysis.Multicollinearity
amongst variables was detected by means of Spearman correlation
test.

Models building follow a backward-stepwise approach; the test of
term significance is the Wald chi-square test with cutoff p value of 0.1
for removal and 0.05 for addition.

Model discrimination was assessed calculating the Area under
the Receiver Operator Characteristic (ROC) curve, whereas model
calibration has been determined by Hosmer-Lemeshow (H-L)
technique.

All p values refer to two-tailed test of significance; p<0.05 was
considered significant.

A General Linear Model for repeated measures was used to
compare INR and platelets values during the first postoperative week
in patients who underwent minor vs. major hepatic resections.

Age (years)
Gender (M:F)
BMI

MELD score
Preoperative INR
Preoperative PLT

Cirrhosis
Post-viral

HBV

HCV

HBV + HCV
Alcohol-related
Criptogenetic
Dismetabolic
Primary biliary cirrhosis
Hemochromatosis
Child-Pugh

A

B

C

Table 1: Patient characteristics and preoperative data.

Overall (n=232)
65+9.73
183:59

26 +3.85
9+1.67
1.12+£0.83
166,698 + 54,299
N (%)

232 (100%)

197 (84.91%)
57 (24.57%)
128 (65.51%)
12 (5.17%)

17 (7.32%)

9 (3.87%)

6 (2.58%)
1(0.43%)

2 (0.86%)

227 (97.84%)
5 (2.15%)
0 (0%)

Minor (n=211) Major (n=21) P

65+9.9 66 + 8.7 0.749

128 :55 17 : 4 0,424

26.5+3.92 24.64 +3.87 0.117

8.66 +1.72 7.85+0.90 0.009*

1.13+0.84 1.08 £ 0.55 0.035*

164,174 + 53,241 203,384 + 58,471 0.035*
ns

52 (24.6%) 5 (23.8%)

119 (56.4%) 9 (42.9%)

9 (4.26%) 3 (14.3%)

14 (6.63%) 3 (14.3%)

9 (4.26%) 0

5 (2.36%) 1(4.7%)

1(0.47%) 0

2 (0.95%) 0

206 (97.6%) 21 (100%) ns

5(2.4%) 0

0 0

BMI: Body Mass Index; MELD: Model of End Stage Liver Disease; PLT: Platelet; HBV: Hepatits B Virus; HCV: Hepatitis C Virus.
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Table 2: Type of hepatic resection and intraoperative data.

Overall (232 pts)
Duration of surgery (min) 243.44 £ 96.07

Continuous Pringle

Duration (min) (1‘?41 ;15)81
Mean + sd p
Intermittent Pringle

Duration (min) (25953;:) 18.3

Mean + sd

Intraoperative transfusions
Received blood cells
Received FFP

Mean cristalloids infusion

44 (18.96%)
48 (20.68%)
2490 + 896

473.17 £ 460
98 (42.24%)

Mean colloids infusion
Developed postoperative coagulopathy

Minor resections (211 pts) Major resection (21 pts) p value
240.8 + 100.62 270 + 62.83 0.19

11 £ 4.77 (39 pts) 10+5.71 (5 pts) 0.67
27.9+17.8 44 +18.7

(50 pts) (5 pts) 0.06

37 (15.94%) 7 (33.3%) 0.44

39 (16.81%) 9 (42.85%) 0.02*
2472 + 899.4 2670.47 + 863.33 0.33
469.31 + 466.9 511.9 + 391.12 0.69

87 (41.23%) 11 (52.38%) 0.45

Pringle - vascular occlusion technique; min: minutes; pts: patients; sd: standard deviation; FFP: Fresh Frozen Plasma.

S0 W% PLT < 100,000
E%INR > 1.5
[J%PLT < 100,000 and INR > 1.5
40
30 3
&,
]
20
10
o
50+
40+
30 3
5
o
204 =
10

o
POD
INR: International Normalized Ratio; PLT: Platelets; POD: Postoperative Day.

Figure 1: Proportion of patients with abnormal postoperative INR and/or PLT

INR
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POD: Post-Operative Day; INR: International Normalized Ratio. * shows
significant (p<0.05) differences found with General Linear Model for repeated
measures, overall difference was significant (p<0.01). Bars show Cl 95%.
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Figure 2: Mean INR values in PODs 1 to 7.

Statistical analyses were conducted using Stata/SE 12.1 (College
Station, TX: StataCorp LP)

Results

A total of 347 cirrhotic patients underwent hepatic resection for
HCC at the Department of Surgery and Transplantation of Bologna
University between January 2007 and November 2012; 24 of these
were not included in statistical analysis for the following reasons:
incomplete clinical data (21 patients), early postoperative death due

to acute myocardial infarction (2 patients) and pulmonary embolism
(1 patient).

Finally, we excluded from the study population 91 patients who
showed signs of preoperative coagulopathy. The final study group
consisted of 232 patients with HCC and histologic-proven cirrhosis.

Patient characteristics and preoperative data are shown in Table
1. Most patients (97.8 %) were classified as Child-Pugh class A and
cirrhosis aetiology was viral in 84.9 %; preoperative INR value and
MELD score were significantly higher and platelet count significantly
lower in minor resection group.

Table 2 shows intraoperative data: surgery consisted of minor
hepatic resection in most cases, patients in major resection group
received significantly more intraoperative fresh frozen plasma
infusions.

In minor resection group, 41% of patients developed a
postoperative coagulopaty, while in the major hepatic resection group
this event was observed in 52.3 % of cases; however, this difference
was not statistically significant.

Considering both minor and major resections, 98 patients
(42.24%) showed an abnormal coagulation profile at least once in the
first 7 postoperative days, a decrease in platelet count was the most
common finding, while at the end of study period, on POD 7, patients
had abnormal INR value and platelet count respectively in 5% and
4.3% of cases (data not shown in figures).

Figure 1 shows the proportion of patients who developed
postoperative coagulopathy divided for type of resection and etiology
of coagulopathy (INR>1.5, PLT < 100,000/pL or both).

A significant proportion of patients in major liver resection
group developed a high INR coagulopathy (47% on POD 2), which
gradually decreased up to POD 6, where less than 5% of patients still
had a high INR value.

In minor liver resections, low platelet count was the most common
cause of coagulopathy, with its maximum incidence on POD 3.

5 patients out of 232 (2.2%) needed postoperative fresh frozen
plasma to correct coagulopathy because of significant bleeding; all
of these underwent major liver resection, and there was no need for
postoperative platelet transfusions in both groups.

Figures 2 and figure 3 show mean INR values and platelet counts
observed during first 7 PODs according to the extent of hepatic
resection; in both groups, highest INR levels were reached on POD 2.

General linear model analysis for repeated measures resulted
in a significant overall difference in INR values between groups (p
< 0.01), moreover patients undergoing minor resection presented
significantly lower INR values during the first four postoperative
days.

Platelet count reached its nadir on POD 2 in major resection
group and on POD 3 in minor resection group.
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Platelet count

major minor

250000+

225000+

200000+ 1

Mean

175000+

150000+

125000+ -

T T T T T T T T T T T T T T
FOD 1POD 2POD 3POD 4POD SPOD 6POD 7 POD 1POD 2POD 3POD 4POD 5POD 6PCD 7

POD: Post-Operative Day * shows significant (p<0.05) differences found
with General Linear Model for repeated measures, overall difference was not
significant (p<0.055). Bars show CI 95%.

Figure 3: Mean platelet count values in PODs 1 to 7.

Table 3: Logistic regression analysis: PLT < 100000 uL-' as dependent variable.

Univariate Multivariable
OR(95%CI) P OR(95%Cl) P
BMI (kg/m?) 1.01 (0.94-1.08) 0.81
Child-Pugh score 0.98 (0.58-1.65) 0.94
MELD score 1.14 (0.96-1.34) 0.12

Portal htpertension 1.47 (0.67-3.2) 0.33
1(0.99-1.01) 0.76
1.09 (0.54-2.11) 1 0.85
0.94 (0.45-1.99) 0.88
1.42 (1.04-1.94) 0.03
1.28 (0.93-1.78) 0.13
Cristalloids infusion (ml) 1(0.99-1.01) 0.79
Colloids infusion (1000 ml) ' 1.83 (1.01-3.34) 0.05 1.49(0.78-2.87) 0.22
BMI: Body Mass Index; MELD: Model for End-Stage Liver Disease; Pringle -
vascular occlusion technique; FFP: Fresh Frozen Plasma.

Length of surgery
Continuous Pringle
Intermittent Pringle
Blood cells transfusion 1.26 (0.87-1.83) 0.22

FFP transfusion 1.09 (0.75-1.59) 0.63

Table 4: Logistic regression analysis: INR = 1,5 as dependent variable.

Univariate Multivariable
OR(95%Cl) P OR(95%Cl) P
BMI (kg/m?) 0.99 (0.91-1.07) 0.76
Child-Pugh score 1.23 (0.69-2.21) 0.48
MELD score 1.15(0.96-1.38) 0.12 1.15(0.96-1.38) 0.14

Portal hypertension 1.12 (0.45-2.77) 0.80
1(0.99-1.01) 0.17

1.24 (0.58-2.64) |0.57

Length of surgery
Continuous Pringle

1.01 (0.99-1.01) 0.19

Intermittent Pringle 0.72 (0.29-1.80) 0.48
Blood cells transfusion 0.96 (0.65-1.41) 0.85
FFP transfusion 1.03 (0.70-1.51) 0.88
Cristalloids infusion (ml) 1(0.99-1.01) 0.79

Colloids infusion (1000 ml) |1.25 (0.64-2.46) 0.51

BMI: Body Mass Index; MELD: Model for End-Stage Liver Disease; Pringle -
vascular occlusion technique; FFP: Fresh Frozen Plasma.

General linear model analysis didn’t report a significant overall
difference (p = 0.055) and platelet count was significantly lower in
minor resection group only during the first postoperative day.

Table 3 shows uni- and multivariate logistic regression analysis
considering platelet count < 100,000/pL the dependent variable.
No statistically significant association was found between any of
the parameters and the development of a postoperative low platelet
count.

As shown in Table 4, multivariable analysis didn’t highlight any
statistically significant association between postoperative INR value >
1.5 and any of the studied parameters.

Discussion

Our study included only histologic-proven cirrhotic patients
suitable for epidural catheter placement on the basis of preoperative
coagulation profile and showed that significant alterations in INR and
platelet values were observed in 98 out of 232 cirrhotic patients who
underwent uncomplicated liver resection for HCC (42%).

In minor resection group, INR value >1.5 and platelet count <
100,000/uL were present respectively in less than 3% and 6% of
patients on postoperative day 6 (Figure 1); moreover this group
had an INR profile that seems compatible with epidural catheters
management (Figure 2); low platelet count (Figure 3) was the most
common problem, and the significant difference in platelet count
between the two groups found on POD 1 could be explained by a
significantly lower preoperative count in patients undergoing minor
resection (Table 1).

Previous studies have shown that underlying hepatic disease
[6,8] and the extent of hepatic resection [7,8,14] contribute to
the development of coagulopathy; in other studies, risk factors
such as low BMI [14], duration of vascular occlusion used to limit
blood loss during parenchymal dissection [8], length of surgical
procedure [3,14], the volumes of fluids administered [5,10,15,16] and
intraoperative blood loss [8] were associated to coagulopathy.

In contrast with other studies, we focused only on patients with
chronic liver disease undergoing hepatic resections and we found that
these risk factors were not significantly associated with an abnormal
postoperative coagulation profile in this category.

Limitations of this study are related to its retrospective nature and
the unavoidable selection bias between patients undergoing major
resection and minor one. In fact major resection requires a better baseline
hepatic function than minor resection because of the larger amount of
parenchyma removed. However, despite significantly better preoperative
MELD score and platelet count, patients undergoing major resection had
worse postoperative coagulation parameters.

Another limitation of the study is the difference in sample size
between major and minor resection groups. However we have to
state that major resection surgery in cirrhotic patients isn’t a frequent
intervention at our unit and requires meticulous candidate selection
due to the high risk of postoperative liver failure.

At our unit, epidural catheter placement for liver resection has
been implemented in the last year together with the development of
fast track liver surgery protocols, blended anesthesia is proposed to
both cirrhotic and non cirrhotic patients with preoperative normal
coagulation profile undergoing minor laparotomic hepatic resections.

For blended anesthesia in liver resection, we usually put a T8-T9
epidural catheter and, after an initial bolus of L-bupivacaine 7.5-10
mg, we start a continuous infusion at 5 to 7 mL/h of L-bupivacaine
2.5 mg/mL, we also add epidural sufentanyl boluses of 5 to 10 mcg;
sedation is maintained with Sevoflurane at a concentration of 0.5-0.7
MAC.

In 2013, 254 patients underwent hepatic resection at our unit,
66 of these had an epidural catheter placed, 70 out of 254 were
cirrhotic undergoing HCC resection and 13 of these received
a blended anesthesia. The results were the following: epidural
catheters were usually removed between postoperative day 3 and 5,
no complications related to epidural catheter were recorded and we
never needed to correct coagulation parameters with fresh frozen
plasma or platelets infusion in this case series. The most important
causes of the non applicability of epidural anesthesia were: extension
of resection, preoperative coagulopathy, laparoscopic liver resection
and anesthesiologist’s poor confidence with this technique.

Liver cirrhosis increases the risk of an abnormal postoperative
coagulation profile after hepatectomies, [6,8] hence the
anesthesiologist should exercise caution in this subgroup when
considering epidural catheter placement, due to the risks associated
with the removal of the catheter during the postoperative period.
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Operative time, entity of blood losses, usage of intermittent
Pringle maneuver instead of continuous technique, and managing
patients in high-dependency unit setting could strongly influence
postoperative coagulopathy incidence and therefore epidural catheter
safety even for the same resected volume of parenchyma.

There is still significant variability between centers in terms
of surgical and anesthesiological experience in this field, so that
postoperative coagulopathy could have a much higher variability
(longer operative times and pedicle clamping, bleeding, postoperative
liver failure); we suggest that this procedure should be performed
only by experienced operators in a safe surgical setting.

For those patients considered to be at high risk of postoperative
coagulopathy, or in case of inexperienced teams (where the liver
resection is not a surgical procedure that it is often performed), when
epidural catheter placement is considered too hazardous, possible
alternatives for the management of postoperative pain may be
represented by continuous local anesthetic wound infiltration [17],
intercostal nerve blocks [18], transversus abdominis plane block or
the use of intrathecal morphine, [19,20] although these approaches
are not without potential problems (e.g. the risk of late respiratory
depression with intrathecal morphine). It would also be interesting to
compare epidural approach to these latter even in well compensated
cirrhotic patients in order to evaluate safety and efficacy: prospective
studies investigating these aspects are needed.

It is important to remember that, in presence of cirrhosis, we
observe a rebalanced global hemostasis that could increase the risk
of thrombotic events [21] and that the reliability of standard tests of
hemostasis such as INR value and platelet count has been questioned
in favor of Thromboelastography (TEG) which may provide a better
assessment of bleeding risk [22].

Thus, patients who, according to standard tests of hemostasis,
appear to be at increased bleeding risk after invasive procedures
like epidural analgesia, may actually be eligible for such procedures.
However, more comprehensive clinical studies are required
comparing the effectiveness and safety of perioperative TEG use
versus standard tests of hemostasis.

Because of the paucity of data about epidural anesthesia safety
in cirrhotic patients it is actually impossible to express indications
in this field. However, we suggest that centers approaching epidural
catheter management in cirrhotic patients should primarily review
their data about postoperative coagulopathy in liver resected patients
to assess the safety of this approach and also to adopt a case by case
discussion with their surgical team about potential entity of resection,
estimated residual liver function, expected technical difficulties and
risk for intraoperative bleeding.

Conclusions

Cirrhotic patients undergoing hepatic resection are at high
risk of postoperative coagulopathy: our study shows that this is a
common event and may limit the feasibility of invasive procedures
such as placement of an epidural catheter for postoperative pain
management.

Risk factors for postoperative coagulopathy found in other
studies on hepatic resections in non cirrhotic or mixed patients
weren’t confirmed in our study.

Postoperative course of coagulation parameters is significantly
different between patients who underwent minor and major resection.

Patients undergoing minor resection present a favourable profile
which seems to be compatible with epidural catheter placement
and management. However, the safety of this approach needs to be
confirmed in this particular population with larger studies.

Ethical Approval

This study was conducted after Institutional Review Board
approval (approval number: 282/2013/0O/OssN).
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