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Abstract

Background Risk stratification is critical in patients with
cirrhosis undergoing THAs and TKAs, as they may be
more likely to have serious medical and surgical compli-
cations. As opposed to the Child-Pugh scoring system,
which has limited use for orthopaedic surgeons inexperi-
enced in assessing ascites and hepatic encephalopathy, the
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Model for End-stage Liver Disease (MELD) is an easily
calculated, validated scoring system for severity of liver
disease based on common laboratory values; however, its
usefulness for predicting complications after elective
arthroplasty has not been studied.

Questions/purposes The purposes of this study were to
determine the differences between patients with cirrhosis
and control subjects in (1) hospital length of stay, discharge
disposition, and readmission within 90 days; (2) early
postoperative (90 days) medical complications potentially
related to liver disease; (3) surgical complications within
90 days and any time after the procedure; (4) mortality
rates after THA and TKA; and in addition, (5) to use the
MELD score as a predictor for risk of complications and
mortality.

Methods Institutional database query software used cod-
ing data identified 115 patients with liver cirrhosis before
having THAs or TKAs from 2000 to 2012 and 115 control
subjects without cirrhosis matched by age, sex, procedure,
and year of surgery. Early postoperative and longer-term
medical and surgical complications were compared.
Regression analysis was used to determine a MELD score
that predicted greater risk of complications.

Results Compared with matched control subjects,
patients with cirrhosis had prolonged length of stay and
higher rates of discharge to nursing facilities, readmission
in 90 days, and urinary tract infections (p < 0.01), renal
failure (p = 0.03), blood transfusions (p < 0.01), gastro-
intestinal hemorrhage (p = 0.04), dislocations (p = 0.01),
infections (p = 0.02), and revisions (p = 0.04) within
90 days. One-year (p=0.01) and longer-term
(p = 0.0002) mortality rates were greater in patients with
cirrhosis. A MELD score of 10 or greater predicted a three
times increased likelihood (odds ratio [OR]) of any com-
plication (95% CI, 1.28-7.00; p = 0.01) and 4.1 times
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increased likelihood (OR) of death (95% CI, 1.42-11.86;
p < 0.01).

Conclusions Patients with cirrhosis undergoing THAs
and TKAs should be counseled regarding their increased
risk of medical complications, surgical complications, and
death. A MELD score of 10 or greater is associated with a
high rate of complications, although this finding needs
further validation because we were unable to control for all
medical confounders.

Level of Evidence Level III, prognostic study. See the
Instructions for Authors for a complete description of
levels of evidence.

Introduction

THAs and TKAs have proven to be effective surgical
procedures. For patient care and economic reasons, there
has been an increasing interest in identifying risk factors
for complications and poor outcomes [13]. Cirrhosis of the
liver, irreversible fibrosis of liver tissue leading to hepatic
dysfunction, is a known risk factor for complications after
THA and TKA. However, studies of patients with cirrhosis
undergoing THAs and TKAs generally have numerous
shortcomings, including lack of a control group [8], small
sample sizes [7, 8, 15], contradictory results (increased [8,
15] versus no increased risk [7] of complications), and the
use of the Child-Pugh [5, 14] classification as a measure of
disease severity [7-9, 12, 15].

The Child-Pugh [5, 14] system has limited clinical use
for orthopaedic surgeons for preoperative risk assessment
of THAs and TKAs because it involves a subjective
assessment of ascites and encephalopathy, entities that
rarely are assessed by many orthopaedic surgeons. The
Model for End-stage Liver Disease (MELD) [11] score
originally was developed to predict survival in patients
undergoing transjugular intrahepatic portosystemic shunts,
but subsequently was deemed a valid measure of mortality
and risk disease severity for patients with end-stage liver
disease [10]. The MELD score is based on serum creati-
nine, serum bilirubin, and the International Normalized
Ratio (INR) for prothrombin time. It generally is consid-
ered as effective as, if not more effective as the Child-Pugh
classification [6], and it is easier to calculate. The MELD
score currently is used by the United Network for Organ
Sharing to prioritize liver allocation to potential recipients;
however, to our knowledge, it has not been evaluated in
elective arthroplasty as a predictive tool of perioperative
complications and mortality.

The purposes of our study were to determine the dif-
ferences between patients undergoing elective THAs or
TKAs with cirrhosis compared with matched control sub-
jects in (1) hospital length of stay, discharge disposition,

and readmission within 90 days; (2) early postoperative
(90 days) medical complications potentially related to liver
disease (urinary tract infection, acute renal failure, blood
transfusion, gastrointestinal hemorrhage); (3) surgical
complications (infection, dislocation, reoperation, revision)
within 90 days and any time after the procedure; (4)
mortality; and in addition, (5) to use the MELD score as a
predictor for risk of complications and mortality.

Patients and Methods

We conducted a retrospective case-control study using
diagnosis and procedure coding information to query our
institutional database to identify all patients with a diag-
nosis of cirrhosis of the liver undergoing an elective THA
or TKA for end-stage degenerative joint disease and for
whom conservative treatments failed. The study inclusion
dates were January 1, 2000 through November 30, 2012
without any exclusion criteria. One hundred-fifteen patients
(60 THASs, 55 TKAs) were identified and included in the
analysis. There were 59 male and 56 female patients with a
mean age of 62.9 years and a minimum followup of
3 months (mean, 4.4 years; range, 3 months—12.1 years).
Using the institutional database software, a group of
patients without cirrhosis who underwent THA or TKA for
end-stage degenerative joint disease matched (1:1) for year
of surgery, age, sex, and surgically treated joint was ran-
domly generated and served as a control group. All 230
patients were followed up with a clinical evaluation and
radiographic assessment.

The database software uses coding and demographic
data to identify all variables. Details regarding these vari-
ables were confirmed with chart review by at least one of
the authors. Length of stay and discharge disposition (home
versus short-term rehabilitation facility) with respect to the
admission associated with the procedure were obtained.
The early postoperative period was defined as 90 days from
the procedure. Early postoperative outcomes included
readmission, medical complications (urinary tract infec-
tion, blood transfusion, acute renal failure, gastrointestinal
hemorrhage), and surgical complications (reoperation,
revision, infection, dislocation). The occurrence of select
surgical complications (infection, reoperation, revision)
also were evaluated for the entire postoperative period.
Ninety days, 1l-year, and any time mortality rates were
compared.

For the patients with cirrhosis of the liver, the medical
records were reviewed to obtain serum creatinine, serum
total bilirubin, and INR immediately before the procedure.
The MELD score was calculated according to the follow-
ing formula:

@ Springer



2776  Tiberi III et al.

Clinical Orthopaedics and Related Research®

Table 1. Perioperative admission and discharge requirements

Table 3. Surgical complications within 90 days after surgery

Admission/discharge Patients with Control p value Complication Patients with Control p value
variable cirrhosis* subjects cirrhosis subjects
Length of stay (days) 5.3 (2-51) 4.2 (2-13) 0.03 Dislocations 6 (10%) 0 0.01
Discharge home 47 (41%) 64 (56%)  0.03 (n = 60)
Discharge to 67 (59%) 51 (44%) Infections 5 (4%) 0 0.02
rehabilitation facility Reoperations 3 (3%) 2 (2%) 0.65
Readmission (90 days) 12 (10%) 2 (2%) 0.006 Revision surgery 4 (3%) 0 0.04
* One patient died on postoperative Day 2 and therefore not included
Table 4. Surgical complications during followup
Table 2. Medical complications within 90 days after surgery . - -
Complication Patients with Control p value
Complication Patients with Control p value cirrhosis subjects
cirrhosis subjects
Infections 7 (6%) 2 (2%) 0.09
Urinary tract infection 14 (12%) 3 (3%) 0.006 Reoperations 6 (5%) 4 (3%) 0.52
Acute renal failure 11 (10%) 1 (1%) 0.003 Revision surgery 5 (4%) 2 (2%) 0.25
Transfusion 26 (23%) 8 (7%) 0.0008
Gastrointestinal 4 (3%) 0 0.04
hemorrhage
Table 5. Mortality rates
Time Patients with Control p value
MELD = 10 x [(0.957 x Ln serumcreatinine) cirrhosis subjects
+(0.378 x Ln serum totalbilirubin) Perioperative 1 (1%) 0 0.32
+(1.12 x Ln INR) + 0.643)] (90 days)
One-year followup 6 (5%) 0 0.01
Where Ln is the natural logarithm and serum creatinine and ~ Most recent 20 (17%) 3 (3%) 0.0002

serum total bilirubin are expressed in mg/dL [16]. For the
purposes of the calculation, all minimum laboratory values
are 1 (values less than 1 are entered as 1), the maximum
serum creatinine is 4 mg/dL, and any patient receiving
dialysis twice or 24 hours of continuous venovenous he-
modialysis within 1 week of the serum creatinine drawing
automatically had 4 mg/dL entered regardless of the actual
value [16]. Ten patients were excluded from the MELD
score analysis owing to lack of appropriate laboratory tests.

Continuous variables were compared statistically using
a t-test and categorical values were compared using chi-
square. Regression analysis was used to determine a
threshold MELD score that predicted greater risk of com-
plications among patients with cirrhosis.

Results

Patients with cirrhosis had a longer length of stay, more
frequent discharge to a skilled nursing or short-term reha-
bilitation facility compared with discharge home, and more
early postoperative hospital readmissions (Table 1).

Within 90 days of the procedure, patients with cirrhosis
had higher rates of renal complications, including urinary
tract infection, acute renal failure, blood transfusion, and
gastrointestinal hemorrhage (Table 2).

@ Springer

followup

Within 90 days of the procedure, patients with cirrhosis
had greater numbers of hip dislocations, infections, and
revision surgeries (Table 3). There was no difference in the
number of reoperations without removal or change of
components. The rates of infection, reoperation, or revision
during followup were not statistically different (Table 4).

The overall and 1-year mortality rates were greater in
the patients with cirrhosis (Table 5), although there was no
difference in the early postoperative mortality rate.

MELD scores of 10 or greater were associated with
increased medical and surgical complications in patients
with cirrhosis (Table 6).

Discussion

Risk stratification is important for any patient undergoing a
THA or TKA. Cirrhosis of the liver generally is considered
a major medical comorbidity; however, prior studies on
this subject have had conflicting results [7-9, 12, 15].
Although most patients undergoing THAs or TKAs are
evaluated by an internist or primary care physician before
the procedure, the orthopaedic surgeon is in the best and
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Table 6. Correlation of MELD score with complication rates

Complication MELD < 10 MELD > 10 p value Odds ratio (95% CI)
(n="171) (n = 34) (MELD < 10 vs > 10) (MELD < 10 vs > 10)

Medical 24 (34%) 21 (62%) < 0.01 3.16 (1.35-7.39)

Surgical 5 (7%) 9 (26%) < 0.01 4.75 (1.45-15.56)

Any 27 (38%) 22 (65%) 0.01 2.99 (1.28-7.00)

Death 7 (10%) 11 (32%) < 0.01 4.10 (1.42-11.86)

MELD = Model for End-stage Liver Disease

most appropriate position to counsel patients regarding the
indications and risks; therefore, an effective, easily used
risk stratification system such as the MELD score, offers
substantial advantages over the Child-Pugh score. In our
study, patients with cirrhosis had greater postoperative care
requirements in terms of hospital stay, discharge to nursing
facilities; higher rates of readmission and several medical
and surgical complications during the early postoperative
period; and greater 1-year and lifetime mortality rates. The
MELD score predicted postoperative morbidity and
mortality.

Our study has several limitations. First, we did not
control for comorbidities to isolate cirrhosis as the only
difference between the groups. There are many comorbid
conditions that may be correlated with perioperative
complications and mortality that may confound the con-
clusions of this study. We attempted to reduce this
confounding effect by randomly selecting control group
patients in the matching criteria. The goal of our study,
however, was not to draw a conclusion of causation, but
rather one of correlation between cirrhosis and greater
complication and mortality rates. Therefore the results of
the study should be interpreted with this understanding.
Second, although the time from surgery was a controlled
variable, there could be some underlying transfer bias
given the likely better medical condition and outcomes
associated with the control group. This bias would be
expected to affect predominantly long-term minor com-
plications and less likely to affect the major long-term
complications we studied (infection, reoperation, revision).
Another limitation is the use of coding data, because some
diagnoses may be underreported. This limitation more
likely would affect more minor medical conditions, such as
urinary tract infection or superficial infection not requiring
reoperation or revision, as opposed to major surgical
complications, which almost certainly would be coded.

Patients with cirrhosis had a longer length of hospital
stay, more frequent discharge to a skilled nursing or short-
term rehabilitation facility, and greater early postoperative
readmission rate. The prolonged length of stay is in
accordance with previous reports [7, 9]; however, to our
knowledge, there is no published study that has evaluated
disposition requirements or readmission rates. Our findings

likely are related to the underlying morbidity of these
patients and the increased early postoperative medical and
surgical complications.

Rates of urinary tract infection, blood transfusion, acute
renal failure, and gastrointestinal hemorrhage within
90 days of the procedure were greater in patients with
cirrhosis. Our transfusion data were contrary to those
reported by Shih et al. [15] (no difference between patients
with cirrhosis and control subjects after TKA) and Cohen
et al. [7] (increased transfusion requirement for emergent
THA but not elective THA in patients with cirrhosis versus
control subjects). Rates of urinary tract infection (range,
2%—-5%) [9, 15], acute renal failure (5%) [9], and gastro-
intestinal hemorrhage (range, 2%—5%) [9, 15] have been
reported in contrast to our 12% rate; however, these studies
did not directly compare these rates with those of the
control subjects.

Rates of hip dislocation, infection, and revision were
greater in these patients within 90 days of the procedure;
however, these differences were not observed when eval-
uated as occurring at any time during the postoperative
period. This may indicate that patients with cirrhosis have a
greater early postoperative surgical risk but not a longer-
term one. Hsieh et al. [9] reported a 22.2% infection rate
and 22.2% 5-year failure rate in patients with cirrhosis after
THA. Shih et al. [15] reported five early and one late
infection and one revision after 51 TKAs in patients with
cirrhosis. Cohen et al. [7] found no difference in disloca-
tion, infection, or revision rates compared with those of
control subjects. In our study, mortality rates were greater
at l-year and at any time after surgery, but not within
90 days, in patients with cirrhosis compared with control
subjects. Shih et al. [15] reported a much higher (36%
versus 5%) mortality rate in patients with cirrhosis after
TKA despite a longer mean followup for control subjects
(42 versus 74 months). They identified hepatoma as an
independent risk factor for mortality. Cohen et al. [7]
reported an increased mortality rate for emergent THAS,
but not elective arthroplasties. What remains unknown is
whether patients with cirrhosis undergoing a THA or TKA
have a greater or lesser mortality rate compared with
patients matched for severity (MELD or Child-Pugh) who
did not undergo these procedures; further investigation to
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answer this question also would help establish the indica-
tions for arthroplasty in these patients.

We also found correlation of the rate of complications
with the MELD [10, 11] score for patients with cirrhosis. The
Child-Pugh system has little clinical use to orthopaedic
surgeons who are unfamiliar with grading ascites or hepatic
encephalopathy without the assistance of an internist or
gastroenterologist. The MELD score is based on common,
routinely obtained, and objective laboratory values. Multiple
free online calculators are available to calculate the MELD
score by providing serum creatinine, serum total bilirubin,
and INR values. In our study, a MELD score of 10 or greater
was associated with an increased likelihood of medical
complications (OR, 3.2), surgical complications (OR, 4.8),
and death (OR, 4.1) compared with patients with cirrhosis
with a MELD score less than 10. In contrast to some previous
studies which disagree whether the severity of cirrhosis
correlates with the development of complications [7, 9, and
15], our study showed that nonsurgical treatment alternatives
should be considered in this population.

However, we could not control for other potentially rel-
evant confounding variables, such as alcoholism, hepatitis,
and overall level of medical infirmity, all of which have been
associated with complications after arthroplasty [1-4], and
which may be more common in patients with cirrhosis. We
therefore consider our finding on the MELD score to be
preliminary, and it needs to be validated by future studies that
are able to control for those confounding variables.

Patients with cirrhosis undergoing THAs and TKAs are
at increased risk for medical and surgical complications.
When considering a THA or TKA, we recommend using
the MELD score rather than the Child-Pugh score for the
purposes of indicating and risk-stratifying patients with
cirrhosis. Risks are greatest in patients with cirrhosis with a
MELD score of 10 or greater and alternatives to THA and
TKA should be considered in these patients. Appropriate
patient counseling is advised if a procedure is needed.
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