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Abstract
Background The impact of cirrhosis on perioperative outcomes for elderly patients undergoing hepatectomy remains not well
defined. We sought to determine the influence of underlying cirrhosis and minimally invasive surgery (MIS) on postoperative
outcomes among elderly patients who underwent a hepatectomy.
Methods Patients who underwent hepatectomy between 2013 and 2015 were identified using the Center for Medicare Services
(CMS) 100% Limited Data Set (LDS) Standard Analytic Files (SAFs). Short-term outcomes after hepatectomy, stratified by the
presence of cirrhosis and MIS, were examined.
Results Among 7452 patients who underwent a hepatectomy, a minority had cirrhosis (n = 481, 6.5%) whereas the vast majority
did not (n = 6971, 93.5%). Overall, median patient age was 72 years (IQR 68–76) and preoperative Charlson comorbidity score
was 6 (IQR 2–8). Patients with cirrhosis were more likely to be younger (median age 71 [67–76] vs 72 [IQR 68–76] years), male
(64.4% vs 50%), African American (8.1% vs 6.4%) and have a malignant diagnosis (87.1% vs 78.7%) compared to non-cirrhotic
patients (all p < 0.001). There was no difference among patients with and without cirrhosis regarding type of hepatectomy or
surgical approach (open vs MIS) (both p > 0.05). Patients with versus without cirrhosis had similar complication rates (24.1% vs
22.3%, p = 0.36), as well as 30-day (6.2% vs 5%, p = 0.25) and 90-day (10.4% vs 8.5%, p = 0.15) mortality. MIS reduced the
length-of-stay in non-cirrhotic patients (OR 0.79, 95%CI 0.62–0.99, p < 0.05), yet was not associatedwithmorbidity or mortality
(both p > 0.05).
Conclusion The presence of cirrhosis did not generally impact outcomes in elderly patients undergoing hepatectomy for benign
and malignant diseases. MIS hepatectomy in the elderly Medicare beneficiary population reduced LOS among patients without
cirrhosis, yet was not associated with differences in morbidity or mortality.
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Introduction

Liver disease is a major health problem in the USA.1

According to the Centers for Disease Control and
Prevention (CDC), chronic liver disease and cirrhosis are
considered the 12th leading cause of death in the USA and
are responsible for over 60,000 deaths annually.2 Cirrhosis
due to any cause predisposes to the development of hepa-
tocellular carcinoma (HCC) with the majority of patients
diagnosed with HCC worldwide having underlying
cirrhosis.3 In the USA, approximately 30,000 new patients
are diagnosed with cirrhosis at tertiary referral centers each
year.4 Liver resection is associated with high morbidity and
mortality, especially among patients with cirrhosis.5–7 The
higher morbidity and mortality may be due, in part, to
difficult mobilization and transection of the fibrotic paren-
chyma, elevated portal pressure, impaired coagulation,
and, in turn, higher risk of excessive bleeding particularly
in cirrhotic patients requiring major operations.8 Of note,
an increase in life expectancy, especially in Western coun-
tries, has resulted in a higher proportion of elderly patients
requiring surgery.9 Elderly patients have more comorbidi-
ties, while age-associated changes can contribute to re-
duced hepatic regenerative capacity.10 Owing to improve-
ments in surgical techniques, anesthesia and medical care,
cirrhosis is not considered an absolute contraindication for
major surgery in elderly patients, although reports on mor-
bidity and mortality remain inconsistent.5,11–15

The introduction of minimally invasive surgery (MIS),
including laparoscopic (LH) and robotic surgery, has fur-
ther enhanced outcomes among elderly patients undergo-
ing bariatric, cholecystectomy, colectomy, hysterectomy,
inguinal hernia, thoracic hernia, and ventral hernia
procedures.16,17 Indeed, laparoscopy can limit the amount
of electrolytic and protein losses associated with open
surgery18 and, thus, be associated with lower morbidity,
less bleeding, shorter operative time, and shorter length-
of-stay (LOS).19,20 In addition, robotic liver surgery has
been suggested to be safe and efficient for both minor
and major hepatic resections.21

The effects of cirrhosis on perioperative outcomes for
older patients undergoing a hepatectomy still remain poor-
ly defined.8,19,20,22,23 Furthermore, the use of MIS for pa-
tients requiring hepatic resection in the presence of cirrho-
sis remains unknown. Although previous studies have in-
vestigated the impact of cirrhosis on outcomes following
hepatic resection, there is a paucity of data regarding elder-
ly patients with cirrhosis.24 As such, the objective of the
current study was to evaluate the impact of cirrhosis on
postoperative outcomes after hepatectomy using a large
national database. In addition, we sought to determine the
effect of MIS on outcomes of interest among elderly pa-
tients undergoing hepatectomy.

Methods

Study Population and Data Collection

Patients 65 years of age or older who underwent a hemi-
hepatectomy or partial hepatectomy for benign and malignant
diseases between 2013 and 2015 were identified using the
Center for Medicare Services (CMS) 100% Limited Data
Set (LDS) Standard Analytic Files (SAFs) (Supplemental
Table 1). Patients with additional non-hepatectomy proce-
dures were excluded. Appropriate ICD-9 coding modifiers
for laparoscopy and robotic surgery were used to identify peo-
ple undergoing MIS. Patients who were enrolled in Medicare
Part A and Part B, had no additional payments from a health
maintenance organization (HMO), and had no record of pay-
ment made by a primary payer were selected.1

Patients with cirrhosis were identified based on the pres-
ence of ICD-9 CM codes prior to or at the time of surgery.
AbstractedMedicare data included age, biologic sex, and clin-
ical and perioperative information. Charlson comorbidity in-
dex score was computed using a validated algorithm.25

Postoperative complications were determined using ICD-9
CM codes previously identified as having the highest sensi-
tivity and specificity for identification of post-surgical
complications.26–28 Length-of-stay was calculated from the
day of surgery to the day of discharge, with extended LOS
defined as greater than the 75th percentile.28

Primary outcomes included incidence of perioperative
complications within 30 and 90 days of surgical intervention.
Secondary outcomes included the incidence of 30- and 90-day
readmission and mortality, as well as LOS. Readmission was
defined as admission to any hospital within 30 and 90 days of
discharge. If a patient had more than one readmission, only the
first readmission was evaluated.

Statistical Analysis

Categorical variables were presented as frequencies and per-
centages; continuous variables were presented as medians and
interquartile ranges (IQR). Demographics, patient characteris-
tics, and 30- and 90-day perioperative and postoperative out-
comes including complications, LOS, and incidence of read-
mission and mortality were compared among patients with
and without cirrhosis. Categorical variables were compared
using chi-square tests and Fisher’s exact tests where appropri-
ate. Continuous variables were compared using the Wilcoxon
rank-sum tests and the Kruskal-Wallis one-way analysis of
variance.

Logistic regression was utilized to examine the relationship
between MIS and outcomes of interest including incidence of
a complication, extended LOS, discharge disposition other
than home, 30- and 90-day readmission, and 30- and 90-day
mortality. Additional analyses were performed to examine the
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influence of the MIS approach on outcomes. Statistical signif-
icance was assessed at α = 0.05. All analyses were performed
using SAS v9.4.

Results

Patients Characteristics

Among 7452 patients who underwent a hepatectomy between
2013 and 2015, a minority had a concurrent diagnosis of cir-
rhosis (n = 481, 6.5%) whereas the vast majority did not have
a history of cirrhosis (n = 6971, 93.5%). Overall, median pa-
tient age was 72 years (IQR 68–76) and preoperative Charlson
comorbidity score was 6 (IQR 2–8). Approximately half of
patients were male (n = 3793, 50.9%), and the majority were
white (N = 6541, 87.8%). Most patients underwent a partial
hepatectomy (n = 5904, 79.2%), while a smaller subset
underwent a hemi-hepatectomy (n = 1548, 20.8%). Of note,
malignancy was the most common indication for surgery
(79.3% vs 20.7%, p < 0.001). Only a minority of patients
(n = 517, 6.9%) underwent a minimally invasive hepatectomy.

Patients with cirrhosis were more likely to be younger (me-
dian age 71 [IQR 67–76] vs 72 [IQR 68–76] years, p < 0.001),
male (64.4% vs 50%, p < 0.001), and African American (8.1%
vs 6.4%, p < 0.001) and have a malignant diagnosis (87.1% vs
78.7%, p < 0.001) compared with non-cirrhotic patients.
There was no difference among patients with versus without

cirrhosis regarding type of hepatectomy performed (partial
hepatectomy vs hemi-hepatectomy) or surgical approach
(open vs MIS) (Table 1, both p > 0.05).

Perioperative Outcomes Following Hepatectomy

Approximately one in four patients (n = 1671, 22.4%) devel-
oped a complication during the index hospitalization. The
most common complications were acute renal failure (n =
899, 12.1%), pulmonary failure (n = 591, 7.9%), and surgical
site infection (n = 525, 7.0%) (Table 2). The median LOS for
the index hospitalization was 6 (IQR 4–9) days. Roughly, 1 in
7 patients (15.7%) was readmitted within 30 days with one-
fourth being readmitted within 90 days (25.1%); 30- and 90-
day mortality was 5.1% and 8.6%, respectively. The incidence
of perioperative 30- and 90-day complications related to pul-
monary failure, pneumonia, myocardial infarction, DVT/PE,
hemorrhage, surgical site infection, and GI hemorrhage was
similar among patients with and without concurrent cirrhosis
(p > 0.05). Specifically, the incidence of blood transfusion was
similar between the two groups (cirrhosis 23.1% vs non-
cirrhosis 19.5%, p = 0.051). Patients with cirrhosis did, how-
ever, have a higher incidence of acute renal failure within
30 days of discharge (4.2% vs 2.3%, p = 0.013). Among pa-
tients with and without cirrhosis, median LOS for the index
admission was comparable (6 days (IQR 4, 8) vs 6 days (IQR
4, 9)), as was 30- and 90-day readmission and mortality irre-
spective of the presence of cirrhosis (all p > 0.05). In addition,

Table 1 Demographics and
characteristics of patients who
underwent hepatectomy stratified
by presence of cirrhosis

Variable Total
N = 7452

No cirrhosis
N = 6971

Cirrhosis
N = 481

p

Age (median, IQR) 72 (68, 76) 72 (68, 76) 71 (67, 76) < 0.001

Male 3793 (50.9%) 3483 (50%) 310 (64.4%) < 0.001

Race < 0.001

White 6541 (87.8%) 6153 (88.3%) 388 (80.7%)

AA 485 (6.5%) 446 (6.4%) 39 (8.1%)

Hispanic 33 (0.4%) 30 (0.4%) 3 (0.6%)

Other/unknown 393 (5.3%) 342 (4.9%) 51 (10.6%)

Charlson comorbidity index score
(median, IQR)

6 (2, 8) 6 (2, 8) 5 (4, 8) < 0.001

Indication < 0.001

Benign 1544 (20.7%) 1482 (21.3%) 62 (12.9%)

Malignancy 5908 (79.3%) 5489 (78.7%) 419 (87.1%)

Procedure 0.82

Hemi-hepatectomy 1548 (20.8%) 1450 (20.8%) 98 (20.4%)

Partial hepatectomy 5904 (79.2%) 5521 (79.2%) 383 (79.6%)

Approach 0.16

Open 6935 (93.1%) 6495 (93.2%) 440 (91.5%)

MIS 517 (6.9%) 476 (6.8%) 41 (8.5%)

AA, African American; IQR, interquartile range; MIS, minimally invasive surgery
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discharge destination (e.g., home vs non-home) was similar
irrespective of the presence or absence of cirrhosis (p = 0.25)
with more than one-third of patients (N = 2599, 34.9%)
requiring discharge to SNF or home with home
healthcare following hepatectomy.

Effect of MIS on Perioperative Outcomes

On bivariate analysis, MIS hepatectomy was associated
with reduced incidence of prolonged LOS compared with
open hepatectomy (OR 0.75, 95% CI 0.59–0.95) (Table 3).

Table 2 Perioperative and
postoperative outcomes of
patients who underwent a
hepatectomy stratified by
presence of cirrhosis

Complication Total N = 7452 No cirrhosis N = 6971 Cirrhosis N = 481 p

Outcomes at index visit

Any complication 1671 (22.4%) 1555 (22.3%) 116 (24.1%) 0.36

Complications

Pulmonary failure 591 (7.9%) 544 (7.8%) 47 (9.8%) 0.14

Pneumonia 119 (1.6%) 110 (1.6%) 9 (1.9%) 0.57

Myocardial infarction 88 (1.2%) 85 (1.2%) 3 (0.6%) 0.38

DVT/PE 233 (3.1%) 225 (3.2%) 8 (1.7%) 0.06

Acute renal failure 899 (12.1%) 833 (11.9%) 66 (13.7%) 0.25

Hemorrhage 107 (1.4%) 102 (1.5%) 5 (1.0%) 0.56

Surgical site infection 525 (7.0%) 496 (7.1%) 29 (6.0%) 0.41

GI hemorrhage 22 (0.3%) 22 (0.3%) 0 (0.0%) 0.40

Index LOS (median, IQR) 6 (4, 9) 6 (4, 9) 6 (4, 8) < 0.001

Discharge destination 0.25

Home 4217 (56.6%) 3938 (56.5%) 279 (58.0%)

SNF 855 (11.5%) 804 (11.5%) 51 (10.6%)

Home healthcare 1744 (23.4%) 1648 (23.6%) 96 (20.0%)

Other 636 (8.5%) 581 (8.3%) 55 (11.4%)

30-day outcomes

Complications

Pulmonary failure 101 (1.4%) 91 (1.3%) 10 (2.1%) 0.15

Pneumonia 42 (0.6%) 39 (0.6%) 3 (0.6%) 0.75

Myocardial infarction 25 (0.3%) 23 (0.3%) 2 (0.4%) 0.67

DVT/PE 78 (1.0%) 72 (1.0%) 6 (1.2%) 0.64

Acute renal failure 178 (2.4%) 158 (2.3%) 20 (4.2%) 0.013

Hemorrhage 41 (0.6%) 37 (0.5%) 4 (0.8%) 0.34

Surgical site infection 409 (5.5%) 379 (4.54%) 30 (6.2%) 0.47

GI hemorrhage 23 (0.3%) 22 (0.3%) 1 (0.2%) 1.00

Readmission 1173 (15.7%) 1090 (15.6%) 83 (17.3%) 0.35

Mortality 381 (5.1%) 351 (5.0%) 30 (6.2%) 0.25

90-day outcomes

Complications

Pulmonary failure 165 (2.2%) 152 (2.2%) 13 (2.7%) 0.42

Pneumonia 80 (1.1%) 74 (1.1%) 6 (1.2%) 0.65

Myocardial infarction 28 (0.4%) 27 (0.4%) 1 (0.2%) 0.74

DVT/PE 121 (1.6%) 113 (1.6%) 8 (1.7%) 0.85

Acute renal failure 294 (3.9%) 269 (3.9%) 25 (5.2%) 0.15

Hemorrhage 65 (0.9%) 59 (0.8%) 6 (1.2%) 0.31

Surgical site infection 518 (7.0%) 476 (6.8%) 42 (8.7%) 0.11

GI hemorrhage 39 (0.5%) 36 (0.5%) 3 (0.6%) 0.74

Readmission 1867 (25.1%) 1744 (25.0%) 123 (25.6%) 0.79

Mortality 643 (8.6%) 593 (8.5%) 50 (10.4%) 0.15

DVT/PE, deep vein thrombosis/pulmonary embolism; GI, gastrointestinal; LOS, length-of-stay; SNF, skilled
nursing facility
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After stratifying by the presence or absence of cirrhosis,
MIS hepatectomy was associated with reduced odds of ex-
tended LOS (cirrhosis, OR 0.33, 95% CI 0.06–1.03 vs non-
cirrhosis, OR 0.79, 95% CI 0.62–0.99) (Fig. 1). In contrast,
MIS hepatectomy was not associated with a reduced inci-
dence of complications, 30- and 90-day readmission, or 30-
and-90-day mortality (all p > 0.05).

Discussion

Over the past 30 years, the incidence of liver cirrhosis has
increased steadily in the USA. Interestingly, cirrhosis-related
mortality has decreased by 22% over the same period.29 Of
note, the proportion of elderly patients with cirrhosis under-
going hepatic resection for both benign and malignant dis-
eases is expected to increase.30 Owing to improvements in
surgical techniques and perioperative care, liver resection, in

the form of partial hepatectomy or hemi-hepatectomy, is now
associated with acceptable outcomes in patients with and
without cirrhosis.5,11,12 Although the impact of cirrhosis on
outcomes has been previously reported, there is a paucity of
data regarding the influence of cirrhosis on outcomes among
elderly patients who underwent hepatectomy. The current
study noted that approximately 1 in 4 elderly patients who
underwent a hepatectomy suffered a complication during the
index admission irrespective of the presence of cirrhosis
(complication rates 24.1% vs 22.3%, p = 0.36). Similarly,
30- and 90-day mortality and readmission were also similar
among patients with and without cirrhosis (30-day mortality
6.2% vs 5%, p = 0.25 and 90-day mortality 10.4% vs 8.5%,
p = 0.15). Perhaps not surprising, patients who underwent a
MIS hepatectomy had decreased odds of experiencing an ex-
tended LOS compared with patients who underwent an open
hepatectomy irrespective of cirrhosis status.

Hepatectomy in the setting of cirrhosis has increased in
number due to acceptable outcomes despite these patients be-
ing deemed as beingmore at high risk.31 For example,Wu and
colleagues reported a significant improvement in early- and
long-term results after liver resection among patients with cir-
rhosis undergoing hepatectomy.12 Specifically, the authors
noted a marked reduction in operative blood loss, need for
blood transfusion, and mortality over time.12 Similarly, in a
separate study, Fan et al. examined in-hospital mortality
among patients with or without cirrhosis undergoing major
hepatectomy for HCC and failed to find a difference between
the two groups (13% vs 14%, p > 0.05).5 In the current study,
which largely included older Medicare beneficiaries, we sim-
ilarly noted that the overall incidence of perioperative

Fig. 1 Forest plot of unadjusted odds ratio of perioperative outcomes after hepatectomy relative to presence of cirrhosis and surgery modality

Table 3 Bivariate odds ratio of postoperative outcomes relative to MIS
vs open

Outcome OR 95% CI

Any complication at index visit 0.84 0.67–1.05

LOS ≥ 10 days 0.75 0.59–0.95

Readmission 30 days 0.95 0.73–1.22

Readmission 90 days 1.07 0.87–1.32

Mortality 30 days 0.86 0.53–1.32

Mortality 90 days 0.83 0.57–1.17

LOS, length-of-stay
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complications and 30- and 90-day readmission rates were
similar among patients regardless of cirrhosis diagnosis.

The safety of hepatic resections in the elderly has been a
topic of debate. Elderly patients can exhibit unique age-
associated changes in liver function that contribute to reduced
hepatic regenerative capacity and decline in liver volume,
which may synergistically interact to increase the risk of mor-
bidity following hepatectomy.32–34 In turn, the risk of hepa-
tectomy among elderly patients with cirrhosis may be partic-
ularly risky and associated with increased morbidity. Vitale
et al. evaluated perioperative morbidity, mortality, overall sur-
vival, and disease-free survival among the elderly versus non-
elderly undergoing hepatectomy for intrahepatic
cholangiocarcinoma.35 The authors reported that, while the
elderly experienced a higher incidence of complications,
long-term outcomes such as disease-free survival and overall
survival were comparable with younger patients.35Wang et al.
argued that elderly people with cirrhosis can derive as much
benefit after major hepatectomy for malignant lesions as
younger patients.24 In fact, Wang and colleagues noted similar
mortality (1.32% vs 3.57%, p = 0.63) and overall complica-
tions (47.37% vs 53.57%, p = 0.42) among cirrhotic patients
undergoing hepatectomy who were < 70 versus ≥ 70 years of
age.24 The current study builds on this previous work and
suggested that morbidity following hepatectomy may be ac-
ceptable in appropriately chosen patients, as only 1 in 4 elder-
ly patients experienced a complication—which was compara-
ble with the morbidity reported following hepatectomy among
younger patients.36 To this point, Paredes and colleagues have
proposed that elderly patients should not be evaluated solely
on chronologic age, but rather physiologic age as this latter
metric may serve as a better predictor of outcomes.14 In addi-
tion, Menon et al. have noted that clinical factors such as
American Society of Anesthesiologist grade 3 may be a better
predictor than age alone for overall survival.13

Several studies have investigated the impact of MIS on the
postoperative outcomes of cirrhotic patients undergoing hep-
atectomy. These reports have suggested that laparoscopic hep-
atectomy was superior to open approach in terms of compli-
cation rates, blood loss, need for transfusion, and
LOS.8,19,20,23,37–40 Of note, a recent meta-analysis that incor-
porated data from 9527 laparoscopic liver resections demon-
strated that laparoscopy was associated with fewer complica-
tions, blood loss, transfusions, and shorter LOS.22 In addition,
MIS has been reported to reduce rates of pulmonary compli-
cat ions and LOS in elder ly pat ients undergoing
hepatectomy.9,41 For example, Nomi et al. noted that elderly
patients undergoing laparoscopic major hepatectomy for co-
lorectal liver metastases had comparable postoperative mor-
tality, complications, and major complications versus younger
patients.42 Nevertheless, no previous study had examined the
impact of MIS on perioperative outcomes among elderly cir-
rhotic patients. The current study was important because we

specifically investigated elderly patients undergoing MIS. Of
interest, elderly patients with and without cirrhosis who had an
MIS approach were less likely to experience an extended LOS
(non-cirrhotics: OR 0.75, 95% CI 0.59–0.95; cirrhotics: OR
0.33, 95% CI 0.06–1.03); however, there was no difference in
complications and 30- and 90-day readmission or mortality
among elderly patients who underwent MIS or open surgery.

The current study had several limitations that should be
considered when interpreting the results. Although the SAFs
provided a large national dataset on claims for Medicare ben-
eficiaries, the data did not reflect all clinical and socioeconom-
ic variables that may have influenced postoperative outcomes
such as extent of coagulopathy and liver function. In particu-
lar, clinical variables associated with degree of liver cirrhosis
were not available. To minimize possible differences due to
underlying baseline characteristics, the Charlson comorbidity
index score was determined for each patient and controlled for
in the multivariable analyses. Complication codes that had a
high sensitivity and specificity for identifying postoperative
complications among surgical patients were alThe presence of
cirrhosis so used. Despite this, similar to other administrative
database analyses, there may have been variations in coding
that influenced the results.

In conclusion, the presence of cirrhosis did not generally im-
pact outcomes in elderly patients undergoing hepatectomy for
benign and malignant diseases. MIS hepatectomy in the elderly
Medicare beneficiary population reduced LOS among patients
without cirrhosis, yet was not associated with differences in se-
rious morbidity or 30- and 90-day mortality. These findings
strongly suggest that cirrhosis should not serve as an absolute
contraindication to hepatic resection in elderly patients.
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