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Abstract

Background Total joint arthroplasty (TJA) is becoming

more prevalent, with additional increases in procedure rates

expected as the US population ages. Small series have

suggested increased risk of periprosthetic joint infections in

patients with liver cirrhosis after TJA. However, the rates

of periprosthetic joint infections and use of TJA for

patients with cirrhosis have not been evaluated on a larger

scale.

Questions/purposes The purposes of this study were to

(1) measure the rate of periprosthetic joint infections after

THAs and TKAs in patients with cirrhosis of the liver; (2)

assess mortality, length of hospital stay, readmission rates,

and other clinical factors among patients with cirrhosis

who have had a TJA; and (3) evaluate the use of TJA in the

United States among patients with liver cirrhosis during the

past decade.

Methods National and state-level databases were used to

identify patients with and without liver cirrhosis who under-

went TJAs. The rate of periprosthetic joint infections within

6 months was assessed using the Statewide Inpatient Data-

base, which identified 306,946 patients undergoing THAs

(0.3% with cirrhosis) and 573,840 patients undergoing TKAs

(0.2% with cirrhosis). To evaluate trends in the use of TJAs,

16,634 patients with cirrhosis who underwent TJAs were

identified from the Nationwide Inpatient Sample from 2000 to

2010.

Results Periprosthetic joint infections after THA were more

common in patients with cirrhosis for hip fracture (6.3%

versus 1.1%; hazard ratio [HR], 5.8; p \ 0.001) and nonhip

fracture diagnoses (3.7% versus 0.7%; HR, 5.4; p \ 0.001).

Periprosthetic joint infections were more common after TKA

in patients with cirrhosis (2.7% versus 0.8%; HR, 3.4;

p \ 0.001). Use of TJA increased faster for patients with

cirrhosis than for patients without cirrhosis for THAs (140%

versus 80%; p = 0.011) and TKAs (213% versus 128%;

p \ 0.001), and also increased faster than the general increase

in use of TJAs.

Conclusions Periprosthetic joint infections were more

common among patients with cirrhosis who had TJAs.

Additionally, patients with cirrhosis had longer length of

hospital stay, increased costs, and higher rates of mortality,

readmission, and reoperation. Finally, national use of TJAs

for patients with cirrhosis has increased during the past

decade.

Level of Evidence Level III, therapeutic study. See the

Instructions for Authors for a complete description of levels of

evidence.

Introduction

THAs and TKAs are safe and effective procedures for the

treatment of osteoarthritis [2, 15]. During the past decade

in the United States, there has been a dramatic increase in

the use of total joint arthroplasties (TJA) [16, 30]. Fur-

thermore, according to projections between 2003 and 2030,
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the number of THAs is expected to increase by 174%,

whereas TKAs are projected to increase by 673% [14]. As

indications for TJA expand and medical care improves,

patients undergoing TJAs are from a wider age range and

have an increasing number of comorbid medical conditions

[11, 14]. Because the presence of comorbid medical con-

ditions increases the risk of adverse events and poor

outcomes, as more TJAs are performed on an increasingly

elderly and medically compromised population, there

likely will be an increased number of postoperative com-

plications [12, 23, 24].

The CDC recommended one-time screening for hepatitis C

for all people born between 1945 and 1965 because of a dis-

proportionately high prevalence of hepatitis C [27].

Complications of hepatitis C include liver cirrhosis, although

this is more commonly caused by alcohol use [9]. Compen-

sated cirrhosis may go undetected, but is estimated to occur in

approximately 1% of the population [25]. This at-risk age

group is also the primary group of patients who may elect to

undergo total joint replacements during the next few decades.

Patients with cirrhosis are at greater risk for surgical com-

plications [31], partly owing to immune dysfunction [3, 22].

However, there has been little research on patients with cir-

rhosis undergoing orthopaedic procedures.

Current literature evaluating the results of TJA in

patients with cirrhosis has been limited to small case series

with groups of less than 100 patients [4, 10, 19, 20, 26]. In

general these studies agreed that patients with cirrhosis had

higher rates of periprosthetic joint infections, but given the

small number of patients, there was limited evaluation of

risk factors. Additionally, although there has been an 18%

increase in hospitalizations for patients with cirrhosis

during the past decade, there are no data regarding use of

TJA in patients with cirrhosis [18, 28].

The purposes of our study therefore were to perform a

large-scale systems-level query to (1) assess the rate of

periprosthetic joint infections after THA and TKA in

patients with liver cirrhosis; (2) evaluate mortality, length

of hospitalization, hospital readmission rates, and other

clinical factors; and (3) evaluate the use of TJA in the

United States during the past decade in patients with liver

cirrhosis.

Materials and Methods

Data Sources

The Nationwide Inpatient Sample (NIS) [7] and the State

Inpatient Database (SID) [8] are administrative claims

repositories produced annually by the Healthcare Cost and

Utilization Project under the Agency for Healthcare

Research and Quality. The NIS contains inpatient

hospitalization information from a random sample of 20%

of hospitals in the United States, weighted for generating

national estimates. The SID contains inpatient records for

specific participating states. Variables available in both

data sets include patient demographics (ie, age, sex, and

state of residence) and hospital visit information (ICD

diagnosis and procedure codes, length of stay, and hospital

charges). Some state databases contain identification vari-

ables that allow tracking and linking hospital admissions

for the same patient with time.

The first part of our study used the SID to measure the

rate of periprosthetic joint infections among patients with

cirrhosis who had TJAs. We used states that allowed

patient tracking, including California (2005–2011), Florida

(2005–2010), Hawaii (2006–2009), North Carolina (2006–

2010), Nebraska (2006–2010), New York (2006–2010),

Utah (2006–2010), and Washington (2008–2009). We used

the NIS from 2000 to 2010 to evaluate the national use of

TJAs, length of stay, and mortality in patients with

cirrhosis.

Patient Selection

From the SID and NIS datasets, we selected patients who

underwent primary THAs (ICD-9 81.51) or primary TKAs

(ICD-9 81.54). Patients were identified as having cirrhosis

if they had a diagnosis of alcoholic cirrhosis (ICD-9 571.2),

nonalcoholic cirrhosis (ICD-9 571.5), or biliary cirrhosis

(ICD-9 571.6). For the longitudinal analysis, patients

undergoing THAs were further grouped by whether the

indication for arthroplasty was a hip fracture, as it has been

suggested that these patients have worse outcomes [4].

For the longitudinal analysis (first part of this study),

patients were excluded if (1) they underwent bilateral joint

arthroplasties; (2) their home state was different from the

state where they underwent the arthroplasty; or (3) their

procedure occurred during the last 6-month interval avail-

able in each data set (Fig. 1). Patients undergoing bilateral

joint arthroplasties were excluded because of greater

complication rates and these patients were deemed not

directly comparable to patients with cirrhosis undergoing

unilateral joint arthroplasties [17, 21]. Patients with dif-

ferent states of residence and hospitalization in the

database were excluded because if complications were to

occur, these patients may not return to the original state for

treatment. Additionally, patients undergoing surgery during

the last 6 months of each state’s available data set were

excluded because there was insufficient followup time to

evaluate for postoperative complications. Finally, patients

with a primary diagnosis of knee fracture, tumor, or com-

plication of a prior procedure (ICD-9 996.XX) were

excluded.
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In total there were 306,946 patients who underwent

THAs and 573,840 patients who underwent TKAs who

were identified from the SID. There were 878 (0.29%)

patients with cirrhosis who underwent THAs and 1231

(0.21%) patients with cirrhosis who underwent TKAs. In

the NIS from 2000 to 2010, there were 2.6 million THAs

and 5.2 million TKAs. Of these, there were 6890 (0.27%)

patients with cirrhosis who had THAs and 9758 (0.19%)

who had TKAs.

Patients with comorbid conditions that may alter the risk

of infection were identified for risk stratification using the

definitions of Elixhauser et al. [6]. We included other

comorbid conditions that may alter the risk of infection,

including hepatitis B and hepatitis C virus infection, HIV/

Fig. 1 Patients undergoing unilateral TKA or THA were selected

from the statewide inpatient database. They were excluded if they

underwent surgery out of their home state, if they did not have

adequate followup (minimum, 6 months), or if they underwent joint

replacement to treat tumor, infection, or a prior complication.

SID = State Inpatient Database.
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AIDS, diabetes mellitus, rheumatoid arthritis, lupus,

smoking, and obesity.

Outcome Measures

The primary outcome was periprosthetic joint infection (ICD-

9 996.66 or 996.67) from the time of the procedure to

180 days after discharge. Secondary outcomes measured

included all-cause mortality, blood transfusion use, length of

stay, hospital charges, reoperation, and hospital readmission

at 30 and 90 days after discharge. Additionally, hospital costs

were estimated using the cost-to-charge ratio and adjusted for

regional variations of average wages. All costs and charges

were adjusted for inflation using the chained consumer price

index [29] and are reported in 2010 US dollars.

Statistical Analysis

Rates of periprosthetic joint infection and hospital read-

mission were analyzed using a modified Kaplan-Meier time-

to-failure analysis, and compared with a log-rank test. Data

regarding deaths were not available as patients may die

outside the hospital, and thus this information could not be

incorporated in the Kaplan-Meier model. Analyses of pro-

cedure use were performed using Poisson regression. For

infrequent events that occurred in groups of small size (ie,

mortality in patients with cirrhosis undergoing TJA), a

3-year moving average was used to look for possible trends

with time. Groups were compared using Student’s t-test for

continuous variables and a chi-square test for categorical

variables.

A multivariate Cox proportional hazards model was used to

identify independent risk factors for periprosthetic joint infec-

tion. Other risk factors identified a priori as affecting the risk of

periprosthetic joint infection also were incorporated in the

model, including diabetes, peripheral vascular disease, obesity,

tobacco use, and autoimmune diseases that may require

immunosuppression (rheumatoid arthritis, ankylosing spon-

dylitis, and lupus). Additionally, certain patient groups may

have different levels of baseline risk, and thus risk was stratified

by age, gender, arthroplasty type, hip fracture, and the number

of medical comorbidities. Comparisons are reported as odds

ratios (OR) or hazard ratios (HR). Results were deemed sta-

tistically significant when the p value was less than 0.05.

Results

Part I. Longitudinal Outcomes of Patients With

Cirrhosis Undergoing Total Joint Arthroplasty

Patient Demographics

For all three groups, patients with liver cirrhosis had

greater rates of periprosthetic joint infection within
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Fig. 2 The rate of periprosthetic joint infections within 6 months of TJA was greater for patients with liver cirrhosis, with the difference most

pronounced for patients undergoing THAs to treat hip fractures.

2486 Jiang et al. Clinical Orthopaedics and Related Research1

123



180 days of the initial arthroplasty (Fig. 2). Among

patients undergoing THAs, hip fracture was more common

in patients with cirrhosis (12.8% versus 3.8%; OR, 3.7;

p \ 0.001). Among patients without hip fracture who

underwent THA, the rate was increased from 0.7% to 3.7%

(HR, 5.40; p \ 0.001), whereas in patients with a hip

fracture, it was increased from 1.1% to 6.3% (HR, 5.8;

p \ 0.001). Periprosthetic joint infections occurred in

0.8% of patients without cirrhosis undergoing TKAs but

occurred in 2.7% of patients with cirrhosis (HR, 3.4;

p \ 0.001) (Table 1).

Compared with patients without cirrhosis, patients with

cirrhosis had a higher likelihood of in-hospital mortality

for THA (OR, 9.8; p \ 0.001) and TKA (OR, 3.6;

p \ 0.001). Patients with cirrhosis also had longer hospital

stays and were more likely to receive transfusions of blood,

platelets, and coagulation factors than patients without

cirrhosis. Total hospital charges and estimated costs were

greater in patients with cirrhosis for THAs and TKAs

(Table 2).

Reoperation also was more common in patients with cir-

rhosis. Rates of irrigation and débridement were greater in

THAs for hip fractures (2.7% versus 7.1%; HR, 2.42;

p = 0.014) and nonhip fractures (1.1% versus 2.9%; HR, 2.7;

p \ 0.001), and also after TKAs (1.0% versus 2.3%; HR, 2.5;

p \ 0.001). Resection arthroplasty was required more often

for patients with cirrhosis who underwent TKAs (0.3% versus

1.1%; HR, 2.9; p \ 0.001) and THAs without hip fractures

(0.2% versus 1.2%; HR, 5.9; p \ 0.001), whereas there was

no difference in patients with hip fractures who underwent

THAs (0.5% versus 0.9%; HR, 1.6; p = 0.623). When

patients were readmitted for a periprosthetic joint infection,

there was a higher mortality rate for patients with cirrhosis

(0.7% versus 4.4%; p = 0.003).

All-cause Hospital Readmission

Patients with cirrhosis had greater all-cause hospital

readmission rates at 1, 3, and 6 months. Readmission rates

were higher in patients with cirrhosis and hip fractures who

underwent THAs (11.8% versus 30.4%; HR, 2.2;

p \ 0.001) and without hip fractures (4.6% versus 11.0%;

HR, 2.0; p \ 0.001), and for TKAs (4.6% versus 10.3%;

HR, 1.8; p \ 0.001) (Table 1). The total estimated inpa-

tient cost during 6 months was greater for all three groups

for patients with cirrhosis (p \ 0.001).

Multivariate Risk Model

Cirrhosis was associated with the greatest increased risk of

periprosthetic joint infection (HR, 2.74; p \ 0.001) T
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(Table 3). Additionally, infection with hepatitis C

increased the risk of periprosthetic joint infection, whereas

HIV/AIDS showed a trend for increased risk. Hepatitis B

infection, however, was not independently associated with

periprosthetic joint infections. There also were multiple

medical comorbidities associated with increased risk of

periprosthetic joint infections.

Part II. National Use of TJA in Patients with Liver

Cirrhosis

From 2000 to 2010, the number of hospital admissions in

the United States for patients with cirrhosis increased by

67.1% (from 312,523 to 522,126). Hospitalizations for

THA increased by 80.0% (from 168,184 to 302,838),

whereas hospitalizations for TKA increased 127.9% (from

288,848 to 658,340).

During this same period, the number of patients with

cirrhosis undergoing THAs increased 140.1% (from 388 to

955). The number of patients with cirrhosis undergoing

TKAs increased by 213.1% (from 468 to 1465) (Fig. 3).

These increases in the use of TJA were greater for patients

with cirrhosis than patients without cirrhosis for THAs

(p = 0.011) and TKAs (p \ 0.001).

Overall, the length of hospital stay was greater for

patients with cirrhosis (3.7 versus 4.4 days for TKA,

p \ 0.001; 4.0 versus 5.7 days for THA, p \ 0.001). The

average length of stay for all patients decreased from 2000

to 2010 for THAs (4.6 days to 3.4 days, p \ 0.001) and

TKAs (from 4.3 days to 3.3 days, p \ 0.001). For patients

with cirrhosis undergoing TKAs, the length of stay

decreased from 2000 to 2010 (from 5.3 days to 3.7 days,

p \ 0.001), but it still was elevated compared with length

of stay for patients without cirrhosis (p \ 0.001).

All-cause in-hospital mortality was greater in patients

with cirrhosis (0.23% versus 1.76% for THA, p \ 0.001;

Table 2. Demographic characteristics of patients undergoing total joint arthroplasty

Patient characteristics THA without cirrhosis THA with cirrhosis TKA without cirrhosis TKA with cirrhosis

Patients (number) 306,068 878 572,609 1,231

Age ± SD (years) 66.2 ± 12.6 62.3 ± 11.1* 67.5 ± 10.4 64.3 ± 9.6*

Female (%) 56.9% 47.4%* 63.3% 54.8%*

Total comorbidities 1.7 ± 1.4 3.8 ± 1.7* 1.9 ± 1.4 3.8 ± 1.7*

Hip fracture (%) 3.8% 12.8%* � �
Insurance status

Medicare 55.3% 51.3%* 59.3% 57.3%

Medicaid 3.0% 11.4%* 2.7% 7.1%*

Private 38.3% 33.9%* 33.0% 31.2%

Self-pay 0.5% 0.8% 0.3% 0.3%

Other 5.9% 6.6% 9.9% 8.8%

Length of stay (days) 3.8 ± 2.5 6.0 ± 6.6* 3.6 ± 1.9 4.2 ± 3.3*

Mortality (%) 0.20% 1.94%* 0.11% 0.41%*

Transfusion red blood cells 30.29% 47.27%* 21.05% 31.76%*

Transfusion platelets 0.15% 8.09%* 0.07% 7.47%*

Transfusion coagulation factors 0.01% 0.23%* 0.01% 0.16%*

Estimated costs (mean, 2010 US dollars) $14,279 ± 6347 $18,795 ± 13,447* $13,309 ± 5306 $14,841 ± 6792*

Total charges (mean, 2010 US dollars) $55,243 ± 32,674 $75,365 ± 67,453* $51,121 ± 28,892 $59,084 ± 37,388*

* Statistical significance p \ 0.05.

Table 3. Independent risk factors identified through multivariate

regression*

Risk factor HR 95% CI p value

Liver cirrhosis 2.42 (1.87–3.12) \ 0.001

Hepatitis B (no cirrhosis) 1.22 (0.77–1.95) 0.401

Hepatitis C (no cirrhosis) 2.33 (1.97–2.76) \ 0.001

Diabetes 1.32 (1.25–1.40) \ 0.001

Peripheral vascular disease 1.34 (1.16–1.55) \ 0.001

HIV/AIDS 1.74 (0.96–3.17) 0.068

Smoking 1.03 (0.96–1.09) 0.424

Alcohol abuse 1.64 (1.38–1.95) \ 0.001

Obesity 1.25 (1.17–1.33) \ 0.001

Autoimmune disease (rheumatoid

arthritis, lupus, ankylosing

spondylitis)

1.55 (1.40–1.72) \ 0.001

* Adjusted for age, sex, procedure type (THA or TKA), hip fracture,

and number of medical comorbidities; HR = hazard ratio.
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0.11% versus 0.34% for TKA, p = 0.002), but improved

for all patients during the past decade. A 3-year moving

average of mortality showed that from 2001 to 2009,

mortality among patients having THAs decreased by

52.9% (from 0.34% to 0.16%, p \ 0.001) and by 57.9% for

TKAs (from 0.15% to 0.08%, p \ 0.001). A reduction in

mortality also was seen for patients with cirrhosis,

decreasing by 46.7% for THAs (from 3.21% to 1.35%,

p = 0.006), and 25.0% for TKAs (from 0.32% to 0.24%,

p = 0.056).

Discussion

With the aging population in the United States, demand

and need for TJAs will continue to increase. The preva-

lence of liver cirrhosis also is increasing, and the CDC now

advocates one-time routine screening for hepatitis C for the

baby-boomer population [27]. Current use of TJAs in

patients with cirrhosis is unknown, but is important from a

public health perspective to identify complication rates in

patients with a severe medical comorbidity. In this study,

we showed that patients with cirrhosis are at significantly

greater risk of periprosthetic joint infections after TJAs,

and also have longer lengths of hospitalization, increased

cost of hospitalization, and higher rates of readmission,

reoperation, and mortality. Our data also showed a large

increase in the number of patients with cirrhosis during the

past decade.

There are several limitations to our study. Because our

data were derived from administrative claims data, we did

not have access to laboratory results and other clinical

information that would have allowed us to assess and

classify the severity of cirrhosis or whether the patient was

compensated or decompensated, which would help stratify

patients in the cirrhosis group. Additionally, we could

assess only end points that resulted in hospital admission.

Although it is likely that nearly all patients with peripros-

thetic joint infections who present during the first 6 months

would be treated on an inpatient basis [10], we are unable

to identify patients who were treated conservatively as

outpatients. Additionally, we could not assess certain out-

comes such as overall mortality after hospital discharge as

these data were not available. There is also the possibility

of patient loss to followup if they moved out of the state.

In our review of the literature we identified five studies

that evaluated periprosthetic joint infections after TJAs in

patients with cirrhosis that combined for a total of 149

patients [4, 10, 19, 20, 26]. The reported rates of peri-

prosthetic joint infections vary from 6% (n = 3/51)[26],

8% (n = 2/25)[20], and 10% (n = 3/30)[19], and as much

as 29% (n = 2/7)[4]. The results of our study, which

identified more than 2000 patients with cirrhosis, confirm

that patients with cirrhosis have increased risk of peri-

prosthetic joint infections, with 6-month rates of 2.7% for

patients undergoing TKAs, 3.7% for patients with nonhip

fractures undergoing THAs, and 6.3% for patients with hip

fractures undergoing THAs. Although these rates may be

slightly lower, this likely is attributable to differences in

followup time and small sample sizes in prior studies.

Our results also showed that patients with cirrhosis had

worse clinical outcomes including longer length of stay,

increased transfusion requirements, higher hospital costs,

and increased rates of reoperation, readmission, and mor-

tality. This is also in agreement with prior reports. Moon

et al. [19] found that patients with cirrhosis undergoing

THAs had a high incidence (26.7%) of complications at

30 days with a greater risk of complications for patients

with more severe grades of cirrhosis. Additionally, patients

with cirrhosis had lower hip prosthesis survival rates at

5 years (77.8% versus 96.4%) [10]. Shih et al. [26]

reported higher rates of complications and mortality for

patients with cirrhosis undergoing TKAs than for patients

without cirrhosis. Infection was the most common com-

plication, occurring in more than 20% of patients at

42 months of followup. Bozic and Ries [1] reported that

periprosthetic joint infections have been shown to cause

increased use of hospital resources compared with primary

arthroplasty or revision for aseptic loosening. This is con-

firmed with our results, as patients had higher hospital

costs, higher total cost during 6 months, and increased

transfusion requirements. In addition to the affect that

complications have on patient quality of life, this is

important in the current era of monitoring healthcare

spending, and patients with cirrhosis carry significantly

greater risk.
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Fig. 3 Patients with liver cirrhosis have had increased rates of TJAs

during the past decade.
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The increasing use of TJAs has been well-documented

[5, 13, 14, 16]. Our study confirms this increased use, along

with promising decreases in mortality and length of stay.

However, the proportion of TJAs being performed on

patients with cirrhosis is increasing. Although we speculate

that these patients are evaluated thoroughly by a primary

care provider, an orthopaedic surgeon, and an anesthesi-

ologist before undergoing surgery, the evidence suggests

that these patients who are considered stable enough for

elective surgery are at a substantially elevated risk of

serious postoperative complications. In our multivariate

model, most patients with cirrhosis would present with a

minimum of two risk factors (cirrhosis in addition to either

hepatitis C or alcohol abuse) and therefore would have an

almost five times higher risk of a periprosthetic joint

infection compared with healthy patients.

Our study showed there is an increased risk of peri-

prosthetic joint infection after TJA in patients with

cirrhosis. Patients with cirrhosis had increased hospital

stays, mortality, readmission, reoperation, and costs than

did patients without cirrhosis. Thus, in light of the

increasing prevalence of elective TJAs being performed in

this at-risk patient population, it is important for surgeons

and for patients with cirrhosis to consider the increased

likelihood of postoperative complications, and for patients

to improve their overall health to whatever degree is pos-

sible before surgery.
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