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Background: The aim of this study is to evaluate medical and surgical complications of liver cirrhosis
patients following total hip arthroplasty (THA), with attention to different etiologies of cirrhosis and their
financial burden following THA.
Methods: In total, 18,321 cirrhotics and 722,757 non-cirrhotics who underwent primary elective THA
between 2006 and 2013 were identified from a retrospective database review. This cohort was further
subdivided into 2 major etiologies of cirrhosis (viral and alcoholic cirrhosis) and other cirrhotic etiology.
Cirrhotics were compared to non-cirrhotics for hospital length of stay, 90-day mean total charges and
reimbursement, hospital readmission, and major medical and arthroplasty-specific complications.
Results: Cirrhosis was associated with increased rates of major medical complications (4.3% vs 2.4%; odds
ratio [OR] 1.20, P < .001), minor medical complications, transfusion (3.4% vs 2.1%; OR 1.16, P ¼ .001),
encephalopathy, disseminated intravascular coagulation, and readmission (13.5% vs 8.6%; OR 1.18, P <
.001) within 90 days. Cirrhosis was associated with increased rates of revision, periprosthetic joint
infection, hardware failure, and dislocation within 1 year postoperatively (3.1% vs 1.6%; OR 1.37, P < .001).
Cirrhosis independently increased hospital length of stay by 0.14 days (P < .001), and it independently
increased 90-day charges and reimbursements by $13,791 (P < .001) and $1707 (P < .001), respectively.
Viral and alcoholic cirrhotics had higher rates of 90-day and 1-year complications compared to con-
trolsdother causes only had higher rates of 90-day medical complications, encephalopathy, readmission,
and 1-year revision, hardware failure, and dislocation compared to controls.
Conclusion: Cirrhosis, especially viral and alcoholic etiologies, is associated with higher risk of early
postoperative complications and healthcare utilization following elective THA.

© 2020 Elsevier Inc. All rights reserved.
Total hip arthroplasty (THA) has one of the best long-term
survivorships of any orthopedic surgery [1]. Estimates suggest
that the number of THAs performed in the United States is expected
to increase to 635,000 by 2030 for several reasons, including at-risk
patient populations becoming eligible for the procedure [2]. The
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success of THA and advancements in medical management have
broadened inclusion criteria to several at-risk patient populations.

Due to enhanced medical treatment and stabilization, patients
with liver cirrhosis are an at-risk patient population that maymore
frequently undergo orthopedic surgery. Liver cirrhosis is a chronic
conditionwhich is characterized by fibrotic and nodular changes to
its lobular organization and compromised liver function, tradi-
tionally by viruses or alcohol [3]. Other less common etiologies of
cirrhosis include autoimmunemechanisms, genetic conditions, and
non-alcoholic fatty liver disease [3].

The various etiologies of liver cirrhosis differ in how rapidly they
progress and their associated outcomes following surgery. For
example, alcoholic cirrhosis is thought to be one of the most rapidly
progressive forms of liver cirrhosis due to the substantial damage the
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Table 1
Inclusion Codes.

All-cause cirrhosis
Viral cirrhosis ICD-9-CM: 070.22, 070.23, 070.32, 070.33, 070.44, 070.54
Alcoholic cirrhosis ICD-9-CM: 571.12
Other cirrhosis ICD-9-CM: 571.5, 571.6, 571.8, 571.9

Non-cirrhotic liver disease ICD-9-CM: 070.0-21, 070.30, 070.31, 070.41-43, 070.49, 070.51-53,
070.59, 070.6, 070.70, 070.71, 070.9, 571.0, 571.1, 571.3, 571.40-42, 571.49

ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.
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ethanol metabolites have on hepatocytes [4]. In a study that utilized
US Census Bureau data to evaluate liver cirrhosis mortality, alcoholic
cirrhosis was found to have the highest annual increase in cirrhosis
related mortality, which may have implications for these at-risk
patients undergoing orthopedic surgery [5]. Furthermore, previous
studies have demonstrated that liver cirrhosis surgical candidates
have poor outcomes following orthopedic surgery and the severity of
outcomes are different for each etiology of cirrhosis [6].

Patients with liver cirrhosis typically have poor outcomes
following orthopedic surgery, although literature examining out-
comes following THA in this population is limited. Some studies
suggest that liver cirrhosis increases the risk of blood loss, read-
mission, and mortality following arthroplasty, but these studies
either analyzed a small sample of patients or had short follow-up
periods [3,7e9]. Additionally, there is very limited investigation
to stratify outcomes following THA using liver cirrhosis etiology or
analyze the financial burden of cirrhosis on healthcare following
THA. As such, the goal of this study is to evaluate medical and
surgical complications of liver cirrhosis patients following THA,
with specific attention to different etiologies of cirrhosis and
financial burden of THA in this at-risk population.

Methods

Data Source

A retrospective database review was conducted using the
commercially available PearlDiver Patient Records Database (www.
pearldiverinc.com; PearlDiver Inc, Colorado Springs, CO). The
PearlDiver database contains all Medicare patient records from
2005 to 2014 from the 100% Standard Analytical Files, searchable by
International Classification of Diseases (ICD) and Current Proce-
dural Terminology codes. Institutional Review Board approval was
waived for this study as data obtained from the database are de-
identified and Health Insurance Portability and Accountability Act
compliant.

Study Population

All Medicare patients aged 85 years or younger who underwent
an elective THA (International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-CM]: 81.51) between 2006
and 2013 were included. Indications for elective THA were degen-
erative hip pathologies. This allowed a minimum of 1 year of pre-
operative and postoperative database exposure for all included
patients. The included patient cohort was further divided into pa-
tients with a diagnosis of liver cirrhosis and non-cirrhotic patients
Table 2
Exclusion Codes.

Hip trauma ICD-9-CM: 716.5, 820.00-03, 820.09-13, 820.19-
Hip neoplasm ICD-9-CM: 170.7, 170.9, 171.3, 213.7, 213.9
Hip infection ICD-9-CM: 711.05, 711.45, 711.85, 711.95

ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.
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using ICD-9 coding for cirrhosis, the latter of which included pa-
tients with non-cirrhotic liver disease (Table 1). Exclusion criteria
were the following: patients undergoing revision THA (ICD-9-CM:
00.70-73, 81.53), a concurrent or prior diagnosis of ascites (ICD-9
CM: 789.59), and patients with a history of hip trauma, infection, or
malignancy prior to THA (Table 2).

Postoperative Outcomes Following Total Hip Arthroplasty Among
Cirrhotic Patients

The rate of major and minor medical complications, transfusion,
encephalopathy, disseminated intravascular coagulation (DIC), and
readmissions were compared between cirrhotics and non-
cirrhotics within 90 days following THA. Aggregated major medi-
cal complications included a diagnosis of pulmonary embolism,
pneumonia, myocardial infarction, cerebrovascular accident, sepsis,
and mortality. Minor medical complications included acute kidney
injury, urinary tract infection, wound complications, transfusion,
thrombocytopenia, and deep vein thrombosis. Major and minor
criteria were defined by the Dindo classification, which has previ-
ously been utilized in general surgery outcome literature, and or-
thopedic literature [6,7]. The rates of arthroplasty-specific
complications including revision THA, periprosthetic joint infection
(PJI), periprosthetic fracture, hardware failure, and dislocation
within 1 year following THA were determined (Appendix Table 1).
The economic burden associated with THA among cirrhotics was
also determined by patient length of stay and hospital reimburse-
ment and charges within 90 days of index surgery.

Cirrhosis Subgroup Analysis

The resulting study cohort of cirrhotics was further subdivided
into the 2 major etiologies of cirrhosis: viral and alcoholic cirrhosis.
The remaining patients were grouped into “other cirrhotic etiol-
ogy” to better highlight the effects of each etiology on outcomes
following THA. Other cirrhotic etiologies include lesser common
causes of cirrhosis such as autoimmune, genetic, and toxin-
induced, among others (Table 1). Each subgroup was separately
compared to the control group for the same postoperative out-
comes highlighted in the main study analysis.

Statistical Analysis

Baseline demographics, substance use history, and pre-existing
comorbidities between groups were compared using Pearson’s chi-
squared analysis. Additionally, the rates of 90-day and 1-year
postoperative outcomes were compared using Pearson’s chi-
22, 820.30-32, 820.80, 820.90, 821.00-01, 821.10-11, 827.0-1, 928.00-01, 905.3-4
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Table 3
Patient Demographics.

Variable Total Hip Arthroplasty

Cirrhosis
(n ¼ 18,321)

Controls
(n ¼ 722,757)

P-Value

Age (y)
<65 30.4% 10.2%
65-69 19.8% 28.4%
70-74 23.5% 24.4% <.001
75-79 17.1% 21.7%
80-84 9.2% 15.3%

Male gender 41.7% 40.2% <.001
Female gender 58.3% 59.8%
Comorbidities
Obesity (BMI >30 kg/m2) 22.4% 8.5% <.001
PVD 9.9% 5.0% <.001
Chronic kidney disease 13.2% 5.4% <.001
CHF 15.5% 7.4% <.001
CAD 32.0% 20.2% <.001
COPD 38.6% 17.8% <.001
Diabetes mellitus 39.7% 19.1% <.001
Hypertension 81.8% 58.6% <.001
Hyperlipidemia 67.1% 49.4% <.001
Tobacco use 38.3% 16.1% <.001

Region
Midwest 27.1% 28.1% <.001
Northeast 18.5% 18.6%
South 36.6% 34.7%
West 17.7% 18.6%

Pre-existing hip pathology
Osteoarthritis 89.7% 94.7% <.001
Avascular necrosis 17.0% 7.2% <.001
SLE 1.1% 0.5% <.001
Psoriatic arthritis 0.4% 0.2% <.001
Ankylosing spondylitis 0.2% 0.2% .193
Rheumatoid arthritis 4.8% 3.4% <.001

CAD, coronary artery disease; BMI, body mass index; PVD, peripheral vascular dis-
ease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease;
SLE, systemic lupus erythematosus.
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squared analysis. Multivariate logistical regression was utilized to
analyze the independent effect of cirrhosis, including subgroups, on
postoperative outcomes following THA, adjusting for age, gender,
substance use history, and pre-existing comorbidities as covariates.
Welch’s t-test was utilized to test for significant differences in the
Table 4
Comparison of Postoperative Outcomes Between Cirrhotic Arthroplasty Patients and Con

Variable Total Hip Arthroplasty

Cirrhosis
(n ¼ 18,321)

Contr
(n ¼

90-d outcomes
Major medical complication 4.3% 2.4%
Minor medical complication 13.7% 8.0%
Transfusion 3.4% 2.1%
Encephalopathy 0.9% 0.2%
DIC 0.0% 0.0%
Readmission 13.5% 8.6%

1-y outcomes
Revision 3.4% 1.9%
Periprosthetic joint infection 2.3% 1.1%
Periprosthetic fracture 0.7% 0.5%
Hardware failure 1.7% 1.0%
Dislocation 3.1% 1.6%

LOS, reimbursement, and charges
LOS 3.63 ± 2.59 3.30
Reimbursement (90-d) $17,604 ± 13,437 $14,2
Charges (90-d) $74,820 ± 66,425 $60,1

Values in bold denote significance determined as P < .05.
OR, odds ratio; CI, confidence interval; DIC, disseminated intravascular coagulation; LOS

a Standardized beta coefficient.
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mean values of LOS, reimbursement, and charges between cir-
rhotics and non-cirrhotics. The independent effect of cirrhosis on
LOS, hospital reimbursement, and charges was determined using a
linear regression, adjusting for previously highlighted covariates.
All statistical analyses were performed using R Project for Statistical
Computing. Significance was determined by a P-value <.05.
Results

Patient Demographics and Comorbidities

In total, 18,321 cirrhotic patients and 722,757 non-cirrhotic
patients who underwent a primary elective THA were identified.
There were significant differences between cirrhotic and non-
cirrhotic patients for each comorbidity and patient demographic
subgroup, which were controlled for in subsequent multivariate
analysis. There were patient demographic and comorbid condition
differences between the cirrhosis and non-cirrhosis cohortsdmost
notably, these differences included cirrhotic patients who were
younger, male, and had higher rates of comorbidities (Table 3).
Outcomes Following Total Hip Arthroplasty in Cirrhotic Patients

Cirrhosis was independently associated with increased rates of
major medical complications (4.3% vs 2.4%; odds ratio [OR] 1.20,
95% confidence interval [CI] 1.11-1.30, P < .001), minor medical
complications (13.7% vs 8.0%; OR 1.30, 95% CI 1.25-1.36, P < .001),
transfusion (3.4% vs 2.1%; OR 1.16, 95% CI 1.06-1.26, P < .001), en-
cephalopathy (0.9% vs 0.2%; OR 2.37, 95% CI 1.99-2.80, P < .001), DIC
(0.0% vs 0.0%; OR 2.28, 95% CI 1.05-4.37, P ¼ .021), and readmission
(13.5% vs 8.6%; OR 1.18, 95% CI 1.13-1.24, P < .001) within 90 days
following THA (Table 4). Cirrhosis was also associated with
increased rates of revision (3.4% vs 1.9%; OR 1.25, 95% CI 1.15-1.36, P
< .001), PJI (2.3% vs 1.1%; OR 1.23, 95% CI 1.11-1.36, P < .001),
hardware failure (1.7% vs 1.0%; OR 1.29, 95% CI 1.14-1.45, P < .001),
and dislocation (3.1% vs 1.6%; OR 1.37, 95% CI 1.25-1.49, P < .001).
Linear regression demonstrated that cirrhosis independently
increased hospital LOS by 0.14 days (P < .001), and cirrhosis inde-
pendently increased 90-day charges by $13,791 (P < .001) and 90-
day reimbursement by $1707 (P < .001) (Table 4).
trols.

ols
722,757)

Cirrhosis vs Controls
Adjusted OR (95% CI)

P-Value

1.20 (1.11-1.30) <.001
1.30 (1.25-1.36) <.001
1.16 (1.06-1.26) .001
2.37 (1.99-2.80) <.001
2.28 (1.05-4.37) .021
1.18 (1.13-1.24) <.001

1.25 (1.15-1.36) <.001
1.23 (1.11-1.36) <.001
1.20 (0.99-1.43) .057
1.29 (1.14-1.45) <.001
1.37 (1.25-1.49) <.001

± 2.08 0.14a (0.11 ≤ b ≤ 0.17) <.001
51 ± 10,245 $1707a (1557 ≤ b ≤ 1858) <.001
67 ± 47,207 $13,791a (6743 ≤ b ≤ 8142) <.001

, length of stay.
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Table 5
Adjusted Odds Ratios Following Subgroup Analysis of Differing Cirrhotic Etiologies Among Total Hip Arthroplasty Patients.

Variable Viral Cirrhosis (n ¼ 2959)
vs Controls

P-Value ETOH Cirrhosis (n ¼ 379)
vs Controls

P-Value Other Cirrhosis (n ¼ 13,271)
vs Controls

P-Value

90-d outcomes
Major medical complication 1.42 (1.19-1.67) <.001 1.15 (0.66-1.84) .591 1.12 (1.02-1.22) .016
Minor medical complication 1.30 (1.16-1.45) <.001 1.77 (1.32-2.32) <.001 1.22 (1.16-1.29) <.001
Transfusion 1.29 (1.07-1.55) .007 2.21 (1.40-3.30) <.001 1.02 (0.92-1.13) .691
Encephalopathy 1.97 (1.25-2.94) .002 3.60 (1.28-7.88) .005 1.89 (1.51-2.33) <.001
DIC 6.28 (1.85-16.08) .001 e e 1.41 (0.43-3.41) .506
Readmission 1.33 (1.21-1.47) <.001 1.72 (1.32-2.22) <.001 1.08 (1.02-1.14) .008

1-y outcomes
Revision 1.47 (1.23-1.75) <.001 1.45 (0.82-2.34) .163 1.13 (1.01-1.25) .027
Periprosthetic infection 1.38 (1.10-1.69) .003 1.94 (1.08-3.19) .016 1.09 (0.96-1.24) .186
Periprosthetic fracture 1.23 (0.76-1.86) .371 3.14 (1.24-6.44) .006 0.97 (0.76-1.22) .805
Hardware failure 1.52 (1.17-1.93) .001 1.42 (0.61-2.78) .359 1.24 (1.07-1.42) .003
Dislocation 1.78 (1.49-2.11) <.001 2.48 (1.54-3.77) <.001 1.17 (1.04-1.30) .007

LOS, reimbursement, and charges
LOS 0.54a (0.46-0.61) <.001 0.47a (0.27-0.68) <.001 �0.01a (�0.04 to 0.03) .689
Reimbursement (90-d) $4310a (3944-4677) <.001 $3140a (2129-4151) <.001 $760a (586-934) <.001
Charges (90-d) $16,394a (14,694-18,095) <.001 $21,186a (16,495-25,876) <.001 $3645a (2836-4454) <.001

Values in bold denote significance determined as P < .05.
ETOH, alcohol; DIC, disseminated intravascular coagulation; LOS, length of stay.

a Standardized beta coefficient.
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Viral Cirrhosis

Viral cirrhosis was significantly associated with increased rates
of major medical complications (OR 1.42, 95% CI 1.19-1.67, P < .001),
minor medical complications (OR 1.30, 95% CI 1.16-1.45, P < .001),
transfusion (OR 1.29, 95% CI 1.07-1.55, P ¼ .007), encephalopathy
(OR 1.97, 95% CI 1.25-2.94, P¼ .002), DIC (OR 6.28, 95% CI 1.85-16.08,
P ¼ .001), and readmissions (OR 1.33, 95% CI 1.21-1.47, P < .001)
within 90 days following THA compared to controls. Viral cirrhosis
was also associated with increased rates of revision (OR 1.47, 95% CI
1.23-1.75, P < .001), PJI (OR 1.38, 95% CI 1.10-1.69, P < .001), hard-
ware failure (OR 1.52, 95% CI 1.17-1.93, P ¼ .001), and dislocation
(OR 1.78, 95% CI 1.49-2.11, P < .001) compared to non-cirrhotics.
Linear regression demonstrated that cirrhosis independently
increased LOS by 0.54 days (P < .001), and it increased 90-day
charges and reimbursements by $16,394 (P < .001) and $4310 (P
< .001), respectively (Table 5).

Alcoholic Cirrhosis

Alcoholic cirrhosis was associated with increased rates of minor
medical complications (OR 1.77, 95% CI 1.32-2.32, P < .001), trans-
fusion (OR 2.21, 95% CI 1.40-3.30, P < .001), encephalopathy (OR
3.60, 95% CI 1.28-7.88, P ¼ .005), and readmissions (OR 1.72, 95% CI
1.32-2.22, P < .001) within 90 days following THA compared to
controls. Alcoholic cirrhosis was also associated with increased
rates of PJI (OR 1.94, 95% CI 1.08-3.19, P ¼ .016), periprosthetic
fracture (OR 3.14, 95% CI 1.24-6.44, P ¼ .006), and dislocation (OR
2.48, 95% CI 1.54-3.77, P < .001). Linear regression demonstrated
that alcoholic cirrhosis independently increased hospital LOS by
0.47 days (P < .001) and it independently increased 90-day charges
and reimbursement by $21,186 (P < .001) and $3140 (P < .001),
respectively. No significant differences were found between 90-day
major medical complications (OR 1.15, P ¼ .591), as well as 1-year
revision (OR 1.45, P ¼ .163) and hardware failure (OR 1.21, P ¼
.346) among alcoholic cirrhotics following THA.

Other Causes of Cirrhosis and Hip Arthroplasty

Other etiologies were associated with increased rates of major
medical complications (OR 1.12, 95% CI 1.02-1.22, P ¼ .016), minor
medical complications (OR 1.22, 95% CI 1.16-1.29, P < .001),
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encephalopathy (OR 1.89, 95% CI 1.51-2.33, P < .001), and read-
mission (OR 1.08, 95% CI 1.02-1.14, P ¼ .008) within 90 days
following THA. Other cirrhosis was also associated with increased
rates of revision (OR 1.13, 95% CI 0.82-2.34, P ¼ .027), hardware
failure (OR 1.24, 95% CI 1.07-1.42, P¼ .003), and dislocation (OR 1.17,
95% CI 1.04-1.30, P ¼ .007). Following adjusted linear regression,
other etiologies of cirrhosis independently increased 90-day
charges by $3645 (P < .001) as well as $760 in 90-day reimburse-
ment (P < .001). No significant differences were found between 90-
day transfusion (OR 1.02, P ¼ .691) and DIC (OR 1.41, P ¼ .506), as
well as 1-year periprosthetic infection (OR 1.09, P ¼ .186) or peri-
prosthetic fracture (OR 0.97, P ¼ .805). Following adjusted linear
regression, there was no significant difference in LOS between
other etiologies of cirrhosis and controls.

Discussion

As the acute and chronic care of cirrhosis improves, more pa-
tients with this comorbidity will be eligible for surgery including
THA. Although successful in a healthy population, there are scarce
data on the outcomes following THA in an at-risk patient popula-
tion like cirrhosis. Characterizing such outcomes could have
important ramifications in preoperative planning, perioperative
decision-making, and postoperative management. In the present
study, we found that cirrhotics undergoing THA had an increased
rate of 90-day major medical complications, minor medical com-
plications, transfusion, encephalopathy, DIC, and readmission, even
when controlling for associated comorbidities. Cirrhotics were at
greater risk of implant-related complications at 1 year post-
operatively as well. Viral and alcoholic cirrhotics had increased
rates of 90-day complications and 1-year orthopedic-related com-
plicationsdnotably, other etiologies of cirrhosis only had increased
rates of 90-day major and minor medical complications, as well as
90-day readmission, 1-year revision, hardware failure, and
dislocation.

The liver is an imperative component of the body’s response to
major surgery and, therefore, compromise often worsens outcome
following surgery. Our study determined that cirrhotic patients had
poorer outcomes following THA compared to their healthy coun-
terparts, an association supported in the literature. Liao et al [10]
reported on liver cirrhosis following instrumented lumbar surgery
and concluded that cirrhosis was associated with poor outcome
NIVERSITY from ClinicalKey.com by Elsevier on August 
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following lumbar surgery especially if Child-Pugh scorewas greater
than 6. Several prior studies have concluded that cirrhotic patients
suffer from increased postoperative complications including
infection, revision, fracture, mortality, among others following joint
arthroplasty [3,7,8,11,12]. Splanchnic vasodilation, diastolic
dysfunction, coagulopathies, chronic malnutrition, among others
are likely responsible for the association between cirrhosis and
poor postoperative outcome [13e15]. Our results also demon-
strated worse outcomes for viral and alcoholic cirrhotics compared
to both their non-cirrhotic counterparts, findings also supported in
the literature [16]. Notably, other etiologies of cirrhosis had few
complications and better outcome following THA compared to
controls which suggests heightened and aggressive management
should be implemented for viral and alcoholic cirrhosis patients
undergoing THA.

In the present study, viral and alcoholic cirrhosis patients not
only suffer poor 90-day postoperative outcomes, but also higher
rates of 1-year arthroplasty-specific complications. Although no
study examines outcome to 1 year postoperatively with a similar
sample size, most prior literature agrees that cirrhosis is a risk
factor for poor orthopedic-related outcome. Hsieh et al [17] eval-
uated 45 THAs among cirrhotics and concluded that cirrhosis was
associated with an increased risk of 30-day complications and 5-
year periprosthetic infection. Deleuran et al [7] evaluated 210
cirrhosis patients who underwent THA and concluded that
cirrhosis was also associated an increased risk of periprosthetic
infection and revision within 1 year. Our study builds upon Dele-
uran et al with a larger sample size and the inclusion of 1-year
complications such as periprosthetic fracture, hardware failure,
and dislocation. Additionally, to our knowledge, no study has
stratified cirrhosis based upon etiology and determined that non-
alcoholic and non-viral cirrhotic patients only suffer from
increased periprosthetic infection at 1 year, but, notably, are not at
increased risk for revision, fracture, dislocation, or hardware failure.
The mechanism behind poor orthopedic-related outcome in
cirrhosis, especially of viral or alcoholic origin, is likely through
hepatic osteodystrophy, which quickens bone demineralization
[18]. Studies suggest that liver cirrhosis can also cause osteomalacia
and osteoporosis further hindering postoperative rehabilitation
[18e20]. Cirrhosis was also associated with increased risk of
infection at 1 yeardone study suggested that chronic liver disease
was the strongest risk factor for deep prosthetic infection [21].
Hsieh et al [22] determined that debridement with retention of the
prosthesis was minimally successful in resolving prosthetic hip
infection in cirrhotic patients following THA. Increased suscepti-
bility to infection is likely attributable to complement deficiencies,
aberrant conduction of the reticuloendothelial system, poor acute
phase reactant production, and impaired cellular immune defense
inherent to liver cirrhosis [23].

It is interesting to note that the alcoholic and viral groups of
cirrhosis sustain worse arthroplasty-related outcomes than other
cirrhotics when each group was compared to the control group
following THA. A similar set of findings was found when etiologies
of cirrhosis were evaluated following TKA and may be explained by
the inherent pathogenesis of these forms of cirrhosis as well as the
patients who are at greater risk of these etiologies of cirrhosis [6].
Alcoholic cirrhosis has been shown to demonstrate the fastest
progression of fibrosis among etiologies of cirrhosis which may
therefore explain these cirrhotic patients’ greater risk of poor
outcome and complication following THA when compared to
controls [4].

Viral cirrhotics may suffer from poor outcome following THA
when compared to controls due to their poor access to healthcare
since regular access to healthcare helps to prevent the transmission
of viruses highly associatedwith hepatitis, primarily hepatitis B and
Downloaded for Anonymous User (n/a) at JOHNS HOPKINS UNI
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C [24]. Conventional healthcare practices such as blood product
screening, hepatitis B vaccination, counseling on safe sex and
sexually transmitted infection testing, among others are routinely
performed in healthcare settings. Therefore, it is also reasonable to
presume that these patients may also have had poor follow-up and/
or access to physical therapy and conventional postoperative
management following their THA, thus influencing their outcome
and causing a poor outcome following THA. Regardless, further
research is necessary to expound upon the findingswe present here
as well as more specifically evaluate the different etiologies of
cirrhosis against each other to draw conclusions regarding prog-
nosis following joint replacement.

Cost analysis yielded important results regarding the greater
financial impact of cirrhosis on contemporary payment models.
Notably, viral cirrhosis had the highest costs of all cirrhosis etiology,
a conclusion consistent with Newman et al [25]. However, other
studies suggest that alcoholic cirrhosis incurs the most expense of
all etiologies of cirrhosis, owing to its proclivity toward decom-
pensation and often late diagnosis [26]. Nevertheless, these results
advocate for a re-evaluation of cirrhosis as a medical condition
managed under bundled payment models.

Although this study demonstrates that cirrhotic patients have
worse outcomes following THA, surgeons should still include them
as eligible candidates for THA but adjust preoperative counseling
and management in order to optimize outcomes in light of this
study’s findings. These results also advocate for including etiology of
cirrhosis in preoperative counseling and perioperative/postoperative
management of these at-risk patients in order to tailor care appro-
priately to the individual patient. The major strength of this study is
its length of follow-up and large sample sizedthis study is one of the
largest that examines outcome following THA in cirrhosis patients as
well as extends analysis to 1-year postoperation. Additionally, the
stratification of cirrhosis based upon etiology allows conclusions to
be drawn regarding more refined and individualized treatment of
the cirrhotic patient. Finally, controlling for comorbid conditions and
patient demographic factors through regression analysis allowed for
mitigation of any confounding impact that those conditions or fac-
tors had on THA outcome. Nevertheless, our study did have its
limitations. Conclusions drawn from this study are contingent upon
the accuracy of the medical database useddother studies have
determined that large medical databases can often miscode di-
agnoses [27]. However, the likelihood of miscoding in large admin-
istrative databases has been found to be around 1.1% [28].
Furthermore, pre-existing comorbid conditions can also be mis-
coded or simply left out, compromising the effects of our controls
[29]. Additionally, PearlDiver does not provide information
regarding individual institutional or surgical practice, including
perioperative antibiotic regimens, surgical technique, bearing ma-
terial, implant design or fixation method, or preoperative optimi-
zation of cirrhosis, all of which may affect the presence or absence of
postoperative complications and mortality. Finally, cirrhosis was not
stratified based upon severitydthe use of conventional scoring
criteria like MELD or Child-Pugh might have further contextualized
the conclusions presented herein. Nevertheless, our study’s findings
and conclusions substantially add to the existing literature by eval-
uating cirrhotic patients based upon the etiology of their cirrhosis
and greatly expanding upon previously reported medical and
arthroplasty-related complications of these at-risk patients
following THA.

Conclusion

Cirrhosis is associated with a higher risk of complications
following elective THA. Alcoholic and viral etiologies of cirrhosis
were independent risk factors for prolonged hospital stay, major
VERSITY from ClinicalKey.com by Elsevier on August 
on. Copyright ©2022. Elsevier Inc. All rights reserved.
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and minor medical complications, readmission, increased cost, and
poorer 1-year orthopedic-related outcomes following THA.
References

[1] Makarewich CA, Anderson MB, Gililland JM, Pelt CE, Peters CL. Ten-year sur-
vivorship of primary total hip arthroplasty in patients 30 years of age or
younger. Bone Joint J 2018;100-B:867e74. https://doi.org/10.1302/0301-
620X.100B7.BJJ-2017-1603.R1.

[2] Sloan M, Premkumar A, Sheth NP. Projected volume of primary total joint
arthroplasty in the U.S., 2014 to 2030. J Bone Joint Surg Am 2018;100:
1455e60. https://doi.org/10.2106/JBJS.17.01617.

[3] Onochie E, Kayani B, Dawson-Bowling S, Millington S, Achan P, Hanna S. Total
hip arthroplasty in patients with chronic liver disease: a systematic review.
SICOT J 2019;5:40. https://doi.org/10.1051/sicotj/2019037.

[4] Guy J, Yee HF. Health disparities in liver disease. Hepatology 2009;50:309e13.
https://doi.org/10.1002/hep.22942.

[5] Tapper EB, Parikh ND. Mortality due to cirrhosis and liver cancer in the United
States, 1999-2016: observational study. BMJ 2018;362:k2817. https://doi.org/
10.1136/bmj.k2817.

[6] Bell JE, Amin R, Labaran LA, Sequeira SB, Rao SS, Werner BC. Impact of
compensated cirrhosis etiology onpostoperative outcomes following total knee
arthroplasty. J Arthroplasty 2020;0. https://doi.org/10.1016/j.arth.2020.07.019.

[7] Deleuran T, Vilstrup H, Overgaard S, Jepsen P. Cirrhosis patients have
increased risk of complications after hip or knee arthroplasty. Acta Orthop
2015;86:108e13. https://doi.org/10.3109/17453674.2014.961397.

[8] Seol Y-J, Yoon T-R, Lee D-H, Lee S-H, Park K-S. Outcome analysis of hip or knee
arthroplasty in patients with cirrhotic liver disease. J Orthop 2017;14:171e5.
https://doi.org/10.1016/j.jor.2016.12.011.

[9] Willhuber GC, Stagnaro J, Petracchi M, Donndorff A, Monzon DG, Bonorino JA,
et al. Short-term complication rate following orthopedic surgery in a tertiary
care center in Argentina. SICOT J 2018;4. https://doi.org/10.1051/sicotj/
2018027.

[10] Liao J-C, Chen W-J, Chen L-H, Niu CC, Fu TS, Lai PL, et al. Complications
associated with instrumented lumbar surgery in patients with liver cirrhosis:
a matched cohort analysis. Spine J 2013;13:908e13. https://doi.org/10.1016/
j.spinee.2013.02.028.

[11] Moon Y-W, Kim Y-S, Kwon S-Y, Kim S-Y, Lim S-J, Park Y-S. Perioperative risk
of hip arthroplasty in patients with cirrhotic liver disease. J Korean Med Sci
2007;22:223e6. https://doi.org/10.3346/jkms.2007.22.2.223.

[12] Cohen SM, Te HS, Levitsky J. Operative risk of total hip and knee arthroplasty
in cirrhotic patients. J Arthroplasty 2005;20:460e6. https://doi.org/10.1016/
j.arth.2004.05.004.

[13] Garcia-Tsao G, Abraldes JG, Berzigotti A, Bosch J. Portal hypertensive bleeding
in cirrhosis: risk stratification, diagnosis, and management: 2016 practice
guidance by the American Association for the Study of Liver Diseases. Hep-
atology 2017;65:310e35. https://doi.org/10.1002/hep.28906.

[14] Northup PG, Friedman LS, Kamath PS. AGA clinical practice update on surgical
risk assessment and perioperative management in cirrhosis: expert review.
Downloaded for Anonymous User (n/a) at JOHNS HOPKINS U
26, 2022. For personal use only. No other uses without permis
Clin Gastroenterol Hepatol 2019;17:595e606. https://doi.org/10.1016/
j.cgh.2018.09.043.

[15] Abbas N, Makker J, Abbas H, Balar B. Perioperative care of patients with liver
cirrhosis: a review. Health Serv Insights 2017;10. https://doi.org/10.1177/
1178632917691270.

[16] Pandey CK, Karna ST, Pandey VK, Tandon M, Singhal A, Mangla V. Perioper-
ative risk factors in patients with liver disease undergoing non-hepatic sur-
gery. World J Gastrointest Surg 2012;4:267e74. https://doi.org/10.4240/
wjgs.v4.i12.267.

[17] Hsieh PH, Chen LH, Lee MS, Chen CH, Yang WE, Shih CH. Hip arthroplasty in
patients with cirrhosis of the liver. J Bone Joint Surg Br 2003;85:818e21.

[18] Turkeli M, Dursun H, Albayrak F, Okçu N, Uyanik MH, Uyanik A, et al. Effects of
cirrhosis on bone mineral density and bone metabolism. Eur J Med 2008;40:
18e24.

[19] Collier J. Bone disorders in chronic liver disease. Hepatology 2007;46:1271e8.
https://doi.org/10.1002/hep.21852.

[20] Patel N, Mu~noz SJ. Bone disease in cirrhosis. Clin Liver Dis 2015;6:96e9.
https://doi.org/10.1002/cld.498.

[21] Poultsides LA, Ma Y, Della Valle AG, Chiu Y-L, Sculco TP, Memtsoudis SG. In-
hospital surgical site infections after primary hip and knee arthroplasty-
dincidence and risk factors. J Arthroplasty 2013;28:385e9. https://doi.org/
10.1016/j.arth.2012.06.027.

[22] Hsieh P-H, Ueng SW, Lee MS, Shih H-N, Huang K-C. Prosthetic hip infection in
patients with liver cirrhosis: an outcome analysis. Int J Infect Dis 2010;14:
e1054e9. https://doi.org/10.1016/j.ijid.2010.06.018.

[23] Tuchendler E, Tuchendler PK, Madej G. Immunodeficiency caused by cirrhosis.
Clin Exp Hepatol 2018;4:158e64. https://doi.org/10.5114/ceh.2018.78119.

[24] Mathurin P, Beuzin F, Louvet A, Carri�e-Ganne N, Balian A, Trinchet JC, et al.
Fibrosis progression occurs in a subgroup of heavy drinkers with typical
histological features. Aliment Pharmacol Ther 2007;25:1047e54. https://
doi.org/10.1111/j.1365-2036.2007.03302.x.

[25] Newman JM, Schiltz NK, Mudd CD, Szubski CR, Klika AK, Barsoum WK. Impact
of cirrhosis on resource use and inpatient complications in patients under-
going total knee and hip arthroplasty. J Arthroplasty 2016;31:2395e401.
https://doi.org/10.1016/j.arth.2016.04.011.

[26] Mellinger JL, Shedden K, Winder GS, Tapper E, Adams M, Fontana RJ, et al. The
high burden of alcoholic cirrhosis in privately insured persons in the United
States. Hepatology 2018;68:872e82. https://doi.org/10.1002/hep.29887.

[27] Johnson EK, Nelson CP. Utility and pitfalls in the use of administrative data-
bases for outcomes assessment. J Urol 2013;190:17e8. https://doi.org/
10.1016/j.juro.2013.04.048.

[28] Medicare fee-for-service 2016 improper payments report. EXECUTIVE SUM-
MARY The Medicare fee-for-service improper payments report. 2016. https://
www.cms.gov/Research-Statistics-Data-and-Systems/Monitoring-Programs/
Medicare-FFS-Compliance-Programs/CERT/Downloads/AppendicesMedicareFee
-for-Service2016ImproperPaymentsReport.pdf.

[29] Sylvestre E, Bouzill�e G, Chazard E, His-Mahier C, Riou C, Cuggia M. Combining
information from a clinical data warehouse and a pharmaceutical database to
generate a framework to detect comorbidities in electronic health records.
BMC Med Inform Decis Mak 2018;18. https://doi.org/10.1186/s12911-018-
0586-x.
NIVERSITY from ClinicalKey.com by Elsevier on August 
sion. Copyright ©2022. Elsevier Inc. All rights reserved.

https://doi.org/10.1302/0301-620X.100B7.BJJ-2017-1603.R1
https://doi.org/10.1302/0301-620X.100B7.BJJ-2017-1603.R1
https://doi.org/10.2106/JBJS.17.01617
https://doi.org/10.1051/sicotj/2019037
https://doi.org/10.1002/hep.22942
https://doi.org/10.1136/bmj.k2817
https://doi.org/10.1136/bmj.k2817
https://doi.org/10.1016/j.arth.2020.07.019
https://doi.org/10.3109/17453674.2014.961397
https://doi.org/10.1016/j.jor.2016.12.011
https://doi.org/10.1051/sicotj/2018027
https://doi.org/10.1051/sicotj/2018027
https://doi.org/10.1016/j.spinee.2013.02.028
https://doi.org/10.1016/j.spinee.2013.02.028
https://doi.org/10.3346/jkms.2007.22.2.223
https://doi.org/10.1016/j.arth.2004.05.004
https://doi.org/10.1016/j.arth.2004.05.004
https://doi.org/10.1002/hep.28906
https://doi.org/10.1016/j.cgh.2018.09.043
https://doi.org/10.1016/j.cgh.2018.09.043
https://doi.org/10.1177/1178632917691270
https://doi.org/10.1177/1178632917691270
https://doi.org/10.4240/wjgs.v4.i12.267
https://doi.org/10.4240/wjgs.v4.i12.267
http://refhub.elsevier.com/S0883-5403(20)31087-1/sref17
http://refhub.elsevier.com/S0883-5403(20)31087-1/sref17
http://refhub.elsevier.com/S0883-5403(20)31087-1/sref17
http://refhub.elsevier.com/S0883-5403(20)31087-1/sref18
http://refhub.elsevier.com/S0883-5403(20)31087-1/sref18
http://refhub.elsevier.com/S0883-5403(20)31087-1/sref18
http://refhub.elsevier.com/S0883-5403(20)31087-1/sref18
https://doi.org/10.1002/hep.21852
https://doi.org/10.1002/cld.498
https://doi.org/10.1016/j.arth.2012.06.027
https://doi.org/10.1016/j.arth.2012.06.027
https://doi.org/10.1016/j.ijid.2010.06.018
https://doi.org/10.5114/ceh.2018.78119
https://doi.org/10.1111/j.1365-2036.2007.03302.x
https://doi.org/10.1111/j.1365-2036.2007.03302.x
https://doi.org/10.1016/j.arth.2016.04.011
https://doi.org/10.1002/hep.29887
https://doi.org/10.1016/j.juro.2013.04.048
https://doi.org/10.1016/j.juro.2013.04.048
https://www.cms.gov/Research-Statistics-Data-and-Systems/Monitoring-Programs/Medicare-FFS-Compliance-Programs/CERT/Downloads/AppendicesMedicareFee-for-Service2016ImproperPaymentsReport.pdf
https://www.cms.gov/Research-Statistics-Data-and-Systems/Monitoring-Programs/Medicare-FFS-Compliance-Programs/CERT/Downloads/AppendicesMedicareFee-for-Service2016ImproperPaymentsReport.pdf
https://www.cms.gov/Research-Statistics-Data-and-Systems/Monitoring-Programs/Medicare-FFS-Compliance-Programs/CERT/Downloads/AppendicesMedicareFee-for-Service2016ImproperPaymentsReport.pdf
https://www.cms.gov/Research-Statistics-Data-and-Systems/Monitoring-Programs/Medicare-FFS-Compliance-Programs/CERT/Downloads/AppendicesMedicareFee-for-Service2016ImproperPaymentsReport.pdf
https://doi.org/10.1186/s12911-018-0586-x
https://doi.org/10.1186/s12911-018-0586-x


S.B. Sequeira et al. / The Journal of Arthroplasty 36 (2021) 1361e1366 1366.e1
Appendix
Appendix Table 1
Postoperative Outcome Codes.

Major medical complication
Pulmonary embolus ICD-9-CM: 415.11-415.13, 415.19
Pneumonia ICD-9-CM: 480.0-3, 480.8-9, 481, 482.0-2, 482.30-32, 482.39-42, 482.49, 482.81-84, 482.89, 482.9, 483.0-1, 483.8, 485, 486, 997.31-32
CVA ICD-9-CM: 434.01, 434.11, 434.91, 436, 997.02
Myocardial infarction ICD-9-CM: 410.00-01, 410.10-11, 410.20-21, 410.30-31, 410.40-41, 410.50-51, 410.60-61, 410.70-71, 410.80-81, 410.90-91, 997.1
Sepsis ICD-9-CM: 995.91-92

Minor medical complication
AKI ICD-9-CM: 584.5, 584.9
UTI ICD-9-CM: 599.0
Wound complications ICD-9-CM: 998.12-13, 998.30-32, 998.51, 998.59, 998.83
Transfusion ICD-9-CM: 99.00-09
DVT ICD-9-CM: 453.40-42
Thrombocytopenia ICD-9-CM: 287.49, 287.5

Encephalopathy ICD-9-CM: 348.30, 348.31, 349.82, 572.2
DIC ICD-9-CM: 286.6
Revision THA ICD-9-CM: 00.70-73, 81.53
Periprosthetic infection ICD-9-CM: 996.66
Periprosthetic fracture ICD-9-CM: 996.44
Hardware failure ICD-9-CM: 996.41, 996.43, 996.46, 996.47
Dislocation ICD-9-CM: 718.35, 835.00-03, 996.42, 79.75, 79.85

DVT, deep vein thrombosis; CVA, cerebrovascular accident; UTI, urinary tract infection; AKI, acute kidney injury, DIC, disseminated intravascular coagulation; THA, total hip
arthroplasty; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.
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