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Background. Treatment of rheumatoid arthritis (RA) often involves immune-suppressive therapies. Concern for recurrent 
prosthetic joint infection (PJI) in RA patients might be high and could reduce use of joint implantation in these patients. We aimed 
to evaluate the risk of recurrence of PJI in RA patients compared with osteoarthritis (OA) patients by utilizing a large health care 
system.

Methods. We conducted a retrospective cohort study of all patients admitted for a Staphylococcus aureus PJI who underwent 
debridement, antibiotics, and implant retention (DAIR) or 2-stage exchange (2SE) between 2003 and 2010 at 86 Veterans Affairs 
Medical Centers. Both RA patients and the comparison group of osteoarthritis (OA) patients were identified using International 
Classification of Diseases, Ninth Revision, codes. All index PJI and recurrent positive cultures for S. aureus during 2 years of fol-
low-up were validated by manual chart review. A Cox proportional hazards regression model was used to compare the time to re-
current PJI for RA vs OA.

Results. In our final cohort of 374 veterans who had either DAIR or 2SE surgery for their index S. aureus PJI, 11.2% had RA 
(n = 42). The majority of the cohort was male (97.3%), and 223 (59.6%) had a methicillin-susceptible S. aureus PJI. RA patients 
had a similar risk of failure compared with OA patients, after adjusting for covariates (hazard ratio, 0.81; 95% confidence interval, 
0.48–1.37).

Conclusions. Prior diagnosis of RA does not increase the risk of recurrent S. aureus PJI. Further studies are needed to evaluate 
the effect of different RA therapies on outcomes of episodes of PJI.
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A successful joint replacement procedure significantly enhances 
a patient’s quality of life. In 2010, in the United States alone, 332 
000 total hip and 719 000 total knee arthroplasties were per-
formed. Furthermore, the projections for 2030 are for these 
numbers to reach 572 000 and 3.48 million for hips and knees, 
respectively [1]. One of the most devastating complications of 
total joint arthroplasty is prosthetic joint infection (PJI). Not 
only does it present a challenge for the patient and surgeon, the 
economic costs associated with a PJI are significant [2]. Patients 
with rheumatoid arthritis (RA) often require orthopedic sur-
gery such as large joint arthroplasty for better quality of life. It is 

estimated that about 5–7% of all patients undergoing a total hip 
or knee arthroplasty have underlying RA [3].

Patients with inflammatory arthritis (IA) such as RA are 
thought to be at a particularly higher risk for PJI compared 
with those without an IA [4–6]. Previous studies have shown 
an association between RA and development of PJI after pri-
mary joint arthroplasty [7, 8]. RA patients who have had an 
arthroplasty have an infection rate of ~4% after the arthroplasty 
[9]. RA patients have also been observed to have twice the risk 
of hospitalization for infection and revision for PJI compared 
with the general population and OA patients [5, 6, 9–11]. A co-
hort study conducted using Danish rheumatology registers ob-
served an increased absolute number of PJIs among OA (1226 
of 120 499) patients compared with RA (63 of 3913) patients 
and a higher crude incidence rate among OA compared with 
RA patients (10.9 vs 17.3 per 1000 person-years) [12]. The risk 
of recurrent infection has been reported to rise to 6% after a 
revision surgery in RA patients [6]. One study explored the cu-
mulative survival rates free of treatment failure after the first 
episode of PJI in a cohort of patients with underlying RA and 
compared them with the survival rates of patients without RA. 
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However, it was a single-center study and looked at RA pa-
tients treated in the 2002–2008 period [13]. Multicenter studies 
that assess the association between RA and recurrence of PJI 
are lacking. Our objective was to estimate the risk of recurrent 
Staphylococcus aureus—a leading cause of severe and recurrent 
PJI—in RA compared with OA patients among the US veteran 
population using a large national database, given the differ-
ences in pathogenesis between the 2 conditions, immune status 
of these patients, and differences in their treatment protocols.

METHODS

Study Design and Patient Population

All data for this cohort were extracted from the VA Informatics 
and Computing Infrastructure (VINCI), the Corporate Data 
Warehouse (CDW), and the Veterans Health Administration 
Medical SAS (VHA MedSAS) Inpatient Main data sets from 
the National Patient Care Database (NPCD). The Institutional 
Review Board of the University of Iowa and the Research and 
Development Committee of the Iowa City Veterans Affairs 
Medical Center (VAMC) approved this study.

This retrospective cohort study included all patients 18 years 
and older who were admitted for S. aureus PJI to 86 acute care 
VAMCs between January 1, 2003, and December 31, 2010. 
Patients were initially identified as having a PJI by the presence 
of ≥1 International Classification of Diseases, Ninth Revision 
(ICD-9), diagnosis code for PJI (996.6, 996.60, 996.66, 996.67, 
996.69) or presumptive PJI (999.3, 998.5, 998.51, 998.59, 998.6). 
PJI was confirmed by the presence of at least 2 cultures positive 
for S. aureus from tissue, synovial fluid, wound, and/or blood, 
during the time period from 15 days before PJI hospital admis-
sion to discharge. This admission episode was considered the 
patient’s index admission for PJI. Patients who underwent de-
bridement, antibiotics, and implant retention (DAIR) or 2-stage 
exchange (2SE) of the infected hip or knee joint prosthesis after 
the index PJI positive culture were included in the study cohort. 
Patients who had retention of the whole prosthesis or exchange 
of mobile parts of the device were considered to have a DAIR 
surgery.

Patients were prospectively followed to identify the first revi-
sion surgery after the initial PJI treatment, as identified by the 
ICD-9 procedure or Current Procedural Terminology (CPT) 
code for revision surgery during the study period. Treatment 
failure was defined as a composite outcome including isolation 
of S. aureus from synovial fluid, joint tissue, wound at the site 
of surgery, or blood with or without a repeat surgery during 
the 2 years after the PJI revision surgery or all-cause mortality 
in the 90 days after revision surgery. End of follow-up period 
without a failure event or death >90  days after revision sur-
gery resulted in censoring of patients. Microbiology reports for 
S.  aureus–positive cultures from index and recurrent PJI epi-
sodes, as well as the type and occurrence of revision surgery, 

were confirmed by manual chart review in all patients included 
in this study cohort.

Patients with RA were identified using ≥2 occurrences of 
inpatient or outpatient diagnosis by ICD-9 code 714.0 or ≥1 
occurrence of the ICD-9 code with presence of a DMARD pre-
scription before revision surgery. OA patients were identified 
by ≥1 occurrence of inpatient or outpatient ICD-9 diagnosis 
code 715.90. Patients with a diagnosis code for inflammatory 
arthritides like ankylosing spondylitis, psoriatic arthritis, and 
systemic lupus erythematosus were excluded from the study. 
Potential confounding factors evaluated included age, sex, meth-
icillin resistance status of S.  aureus, site of PJI, comorbidities 
(Appendix), steroid use, disease-modifying antirheumatic drug 
(DMARD) use, other immunosuppressant medications, and 
the type of revision surgery done for the index PJI. A modified 
version of the Acute Physiology and Chronic Health Evaluation 
(APACHE) III scoring system was used to determine the se-
verity of illness at admission, as described in a previous study 
conducted in the VA health care system population [14, 15]. 
Time to first PJI was defined as early if the PJI occurred within 
3  months of the primary joint arthroplasty, delayed if it oc-
curred 3 months to 2 years after, and late if it occurred >2 years 
after the primary joint arthroplasty [16, 17].

Statistical Analysis

Data analyses were conducted using SAS Enterprise Guide, 
version 9.4, available through the VINCI secure server. The 
chi-square test and Fisher exact test were used to compare di-
chotomous and categorical variables among the groups. Effect 
modification was assessed by testing for interaction of covariates. 
The proportional hazards (PHs) assumption was evaluated by as-
sessing the interaction of each variable with a function of time. 
Kaplan-Meier (K-M) curves were created to evaluate the un-
adjusted probability of survival free of failure between arthritis 
groups. Cox proportional hazards regression models were used 
to compare the risk of failure between the RA and OA groups. 
A  backward selection method was used to identify important 
predictors of the outcome from a saturated Cox model. The ar-
thritis group variable was retained in all models regardless of 
statistical significance. Year of entry in the study cohort was in-
cluded as a categorical variable (2003–2006, 2007–2012) to adjust 
for changes in patient demographics or treatment protocols over 
time. Variables identified as important predictors from the back-
ward selection approach were included in the risk adjustment 
model, and adjusted hazard ratios (HRs) with 95% confidence 
intervals (CIs) were reported from this model.

RESULTS

Of the 374 S. aureus PJI cases, 42 were categorized as RA pa-
tients (11.2%) and 332 as OA patients (88.8%). The median 
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age at time of diagnosis of PJI (range) was 64 (40–92) years. 
The majority of patients in the cohort were male (97.3%), 
and 223 (59.6%) had a methicillin-susceptible S.  aureus 
(MSSA) PJI. A greater proportion of the cohort had a knee 
PJI (297, 79.4%) compared with hip PJI (77, 20.6%). DAIR 
was the preferred surgery compared with 2SE in this co-
hort of patients with S. aureus PJI (77.5% vs 22.5%). At least 
53.0% of the cohort (n  =  197) was identified as having an 
early PJI, whereas delayed and late PJI were seen in 27.0% 
and 21.0% of patients, respectively. The median score for the 
APACHEIII was 28 with an interquartile range (range) of 
20–40 (3–82), suggesting that there was variability in the se-
verity of illness in patients at the time of admission for their 
revision surgery. For specific comorbidities, 323 (86.4%), 
151 (40.4%), and 49 (13.1%) patients were identified as 
having a prior or current diagnosis of hypertension, diabetes, 
and renal disease, respectively. Thirteen (3.5%) patients were 
treated with biologics, and 34 (9.1%) patients were treated 
with nonbiologics before their revision surgery for the PJI 
episode. One hundred ninety-four (51.9%) patients were 
treated with steroids before the revision surgery.

RA patients were more likely to be female (7.1% vs 2.1%), to 
have >2 comorbidities (16.7% vs 8.7%), to have had a steroid 
treatment (100.0% vs 50.9%), and to be treated with a biologic 
(23.8% vs 0.9%) or nonbiologic (57.1% vs 3.1%) before the revi-
sion surgery compared with OA patients. Patients with RA were 
more likely to be in the median range of APACHEIII scores for 
severity of PJI at the time of admission compared with OA pa-
tients (52.4% vs 28.6%). RA and OA patients were similar in 
the type of revision surgery used for management of their PJI 
(Table 1).

At the end of 2 years of follow-up, there were 158 (42.3%) 
treatment failures in the study cohort, of which 131 (82.9%) 
were failures due to microbiological relapse with or without 
a revision surgery. Twenty-seven of the 158 failures were due 
to death. RA and OA patients were not significantly different 
in proportion of failures during the follow-up period (40.5% 
vs 42.5%; P  =  .81) or proportion of failures due to micro-
biological recurrence of PJI (28.6% vs 35.8%; P =  .35). The 
overall treatment failure rate at 2  years was 42% (95% CI, 
37%–47%). Time to treatment failure (log-rank P = .697) and 
time to failure due to microbiological recurrence (log-rank 

Table 1. Patient Characteristics for Arthritis Groups

Characteristics RA (n = 42), No. (%) OA (n = 332), No. (%) P Value

Age, y   .56

 <55 5 (11.9) 55 (16.6)  

 55–64 15 (35.7) 130 (39.2)  

 ≥65 22 (52.4) 147 (44.3)  

Female 3 (7.1) 7 (2.1) .09

S. aureus type   .24

 MRSA 12 (28.6) 139 (41.9)  

 MSSA 30 (71.4) 193 (58.1)  

Site   .14

 Hip 5 (11.9) 72 (21.7)  

 Knee 37 (88.1) 260 (78.3)  

Severity of illness by APACHEIII score   .007

 <28 13 (30.9) 167 (50.3)  

 28–44 22 (52.4) 95 (28.6)  

 ≥44 7 (16.7) 70 (21.1)  

Charlson comorbidity score (>2) 7 (16.7) 29 (8.7) .10

Hypertension 37 (88.1) 286 (86.1) .73

Diabetes 13 (30.9) 138 (41.6) .19

Renal disease 5 (11.9) 44 (13.3) .81

Steroid use 42 (100.0) 169 (50.9) <.0001

Surgery   .87

 DAIR 33 (78.6) 257 (77.4)  

 2-stage exchange 9 (21.4) 75 (22.6)  

Time to first PJI   .55

 Early 19 (45.2) 178 (53.6)  

 Delayed 14 (33.3) 88 (26.5)  

 Late 9 (21.4) 66 (19.9)  

Prior biologic DMARDs 10 (23.8) 3 (0.9) <.0001

Prior nonbiologic DMARDs 24 (57.1) 10 (3.1) <.0001

Abbreviations: DAIR,  debridement, antibiotics, and implant retention; DMARDs,  disease-modifying antirheumatic drugs; MRSA,  methicillin-resistant Staphylococcus aureus; 
MSSA, methicillin-susceptible Staphylococcus aureus; OA, osteoarthritis; RA, rheumatoid arthritis.
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P = .337) did not differ between RA and OA patients (Figures 
1 and 2).

RA patients tended to have a lower risk of failure compared 
with OA patients, but this association was not statistically sig-
nificant (adjusted HR [aHR],  0.81; 95% CI, 0.48–1.37) (Table 
2). In the multivariate model, MRSA PJI was observed to have 
59% higher risk of treatment failure compared with MSSA PJI 
(aHR, 1.59; 95% CI, 1.15–2.19), and DAIR was associated with 
a 4-times-higher risk of treatment failure compared with 2SE 
for the PJI (aHR,  4.42; 95% CI, 2.58–7.57). Patients with de-
layed and late presentation of PJI were 2 times and 2.5 times 
more likely to have a treatment failure compared with early PJI 
presentation (aHR, 1.79; 95% CI, 1.22–2.64; aHR, 2.27; 95% CI, 
1.46–3.53). Diabetics were observed to have 37% higher risk of 
treatment failure compared with nondiabetics; however, this as-
sociation was not statistically significant (aHR,  1.37; 95% CI, 
0.95–1.97). Patients presenting with PJI on or after 2007 had a 
32% lower likelihood of treatment failure compared with pa-
tients presenting between 2003 and 2006 (aHR, 0.68; 95% CI, 
0.49–0.94).

DISCUSSION

Despite surgical intervention and prolonged antibiotics, 35% of 
the patients with an incident S. aureus PJI developed recurrent 
infection over the following 2 years. Overall, the risk of treat-
ment failure did not statistically differ between RA and OA pa-
tients in the risk-adjusted models. These results could reflect 
vigilant preoperative evaluation and perioperative monitoring of 
RA patients, particularly in hospitals with orthopedic surgeons 

who have extensive experience treating RA patients with PJI. 
Alternatively, these results could suggest limited impact of un-
derlying inflammatory characteristics and immunomodulatory 
agents used to treat RA on the risk of treatment failure or recur-
rence of infection after the first episode of PJI.

 PJI can be treated by different medical and surgical modal-
ities, but DAIR and 2SE are the most common strategies. DAIR 
involves opening the prior incision site, thorough irrigation and 
debridement of any necrotic or infected soft tissue, and evac-
uation of any purulence surrounding the prosthesis. The joint 
is then closed, followed by prolonged antimicrobial therapy 
[2]. Patients most appropriate for this procedure are those in 
whom the duration of symptoms is short or those who have a 
stable implant and no sinus tract [2]. A  2SE involves at least 
2 surgeries. First, the infected prosthesis is removed and an 
antibiotic-impregnated spacer is placed, followed by at least 
4–6 weeks of pathogen-directed antibiotic therapy. A 2–6-week 
antibiotic-free period follows, during which assessment is made 
for ongoing signs of infection. If there are no signs of an on-
going infection, a new prosthesis is implanted. Patients eligible 
for this surgery are those with a sinus tract, who are ineligible 
for DAIR, and who are able to undergo delayed reimplantation. 
The treatment strategy for an individual patient is selected 
based on the orthopedic surgeon, patient-related factors, and 
with input from infectious disease physicians.

The risk of treatment failure was higher among patients man-
aged with DAIR, regardless of the arthritis groups. Comparable 
results were noted in studies that did and did not include pa-
tients with inflammatory arthritis [18–21]. DAIR should be 
considered a surgery with risk of failure in RA patients due to 
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Figure 1. Failure curve for time to treatment failure in Staphylococcus aureus prosthetic joint infection patients.
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persistence of resistant bacterial biofilm in patients with de-
ficient host defenses [22–25]. Berbari et  al. conducted a ret-
rospective analysis of all patients with RA after a total hip or 
total knee arthroplasty infection between 1969 and 1995. This 
study observed lower rates of 5-year survival free of treatment 
failure among PJI episodes treated with DAIR (32%; 95% CI, 
21%–49%) compared with those managed with 2SE (79%; 95% 
CI, 66%–93%) [26]. A study conducted by Hsieh et al. in Taiwan 
reported that RA patients had worse outcomes than non-RA 
patients after occurrence of a PJI [19]. This conclusion was 
based on patient data from a single center and was interpreted 
from unadjusted analyses. There are several factors that could 
account for differences in study findings between our study and 
the Hsieh study. For example, we included only index PJI epi-
sodes caused by S. aureus and utilized a homogenous control 
group of OA patients, as opposed to the Hsieh study, which 
had a heterogeneous control group with other inflammatory 
arthritides.

We observed higher risk of failure in patients with MRSA 
compared with MSSA in the risk-adjusted analysis. Poor 
penetration of anti-MRSA antibiotics, such as vancomycin, 
through the bacterial biofilm, along with potential for incom-
plete clearance of the bacteria, may result in worse outcomes 
among MRSA PJI patients. It is important to note that among 
our study patients, the majority had an MSSA PJI, suggesting 
that even a susceptible pathogen could place significant infec-
tion burden on an immunocompromised population. The risk 
of treatment failure was lower in patients treated in 2007 and 
later compared with those treated between 2003 and 2006. It is 

plausible that this reduction in treatment failure was influenced 
by the VHA’s bundled interventions such as universal nasal sur-
veillance for MRSA, contact precautions for patients colonized 
or infected with MRSA, hand hygiene, and a change in infection 
control practice and outcome responsibility culture introduced 
in 2007 to reduce MRSA infections [27]. It is also worth noting 
that DAIR was the preferred surgery in our study cohort. It is 
plausible that patients who did not meet the criteria were also 
treated with DAIR due to patient or physician preference for 
a less invasive surgery to treat the PJI. Assessment of patients’ 
signs and symptoms present on admission for the revision sur-
gery was beyond the scope of our study. DAIR was observed to 
be associated with increased risk of infection in our study and 
other published studies. Moreover, our study was conducted 
before the publication of the Infectious Diseases Society of 
America treatment guidelines for PJI. Selection of surgery type 
and potential nonadherence to treatment guidelines could be a 
few of the reasons for a high recurrence rate of PJI in our study.

To the best of our knowledge, this is the largest study to ex-
amine clinical outcomes after a PJI comparing RA with OA 
patients in the United States. Another major strength of our 
study is that the index culture result, occurrence and type of 
revision surgery, and clinical outcome including second pos-
itive culture for S.  aureus during 2  years of follow-up were 
validated by manual chart review for all patients in the study 
cohort. Our study has several limitations. First, we used ICD-9 
codes for identification of RA diagnosis, and there is potential 
for misclassification bias [28]. But specificity of the RA code 
in a specific population of patients undergoing arthroplasty 
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has not been studied. Misclassification of OA patients as RA 
would cause findings to bias toward the null, but we tended to 
see better outcomes in RA patients compared with OA patients, 
although the results were not statistically significant. Second, 
the number of RA patients on DMARDs was low, so we were 
not able to assess the impact of an individual DMARD as a risk 
factor for failure. Further studies are needed that can evaluate 
the effect of various RA therapies on the outcomes of episodes 
of PJI in these patients compared with the control group. Third, 

our study was underpowered to identify statistically signifi-
cant risk differences between RA and OA patients even though 
the risk estimates appeared clinically significant. Fourth, there 
was potential for unmeasured confounders such as obesity and 
smoking that could have contributed to differences between RA 
and OA patients in this study. Fifth, there was potential for loss 
of follow-up of patients who moved to a non-VA hospital for 
care of their PJI after the revision surgery. The findings from our 
study should be validated in future studies with large numbers 

Table 2. Multivariate Adjusted Cox Proportional Hazards Models for Risk of Failure in Staphylococcus aureus Prosthetic Joint Infection

Crude HR (95% CI) Adjusted HR (95% CI)

RA vs OA 0.91 (0.55–1.49) 0.81 (0.48–1.37)

Age categories, y   

 ≥65 0.82 (0.54–1.24) 0.90 (0.56–1.44)

 55–64 0.58 (0.37–0.90) 0.60 (0.38–0.95)

 <55 Reference Reference

Methicillin susceptibility of S. aureus   

 MRSA 1.55 (1.14–2.12) 1.59 (1.15–2.19)

 MSSA Reference Reference

Site of PJI   

 Knee 1.14 (0.76–1.71) -

 Hip Reference -

APACHEIII score   

 ≥44 1.40 (0.95–2.07) 1.07 (0.66–1.73)

 28–44 1.02 (0.70–1.47) 0.93 (0.62–1.39)

 <28 Reference Reference

Charlson comorbidity score   

 >2 1.40 (0.88–2.24) -

 ≤2 Reference -

Diabetes   

 Yes 1.44 (1.05–1.97) 1.37 (0.95–1.97)

 No Reference -

Steroid use   

 Yes 1.28 (0.93–1.75) -

 No Reference -

PJI revision surgery   

 DAIR 2.96 (1.79–4.89) 4.42 (2.58–7.57)

 2-stage exchange Reference Reference

Time to PJI   

 Delayed 1.19 (0.83–1.73) 1.79 (1.22–2.64)

 Late 1.32 (0.89–1.96) 2.27 (1.46–3.53)

 Early Reference Reference

Steroid use   

 Yes 0.40 (0.12–1.23) -

 No Reference -

Prior biologic DMARD use   

 Yes 0.45 (0.14–1.40) -

 No Reference -

Prior nonbiologic DMARD use   

 Yes 0.67 (0.36–1.23) -

 No Reference -

Year of entry in cohort   

 2007–2012 0.79 (0.58–1.09) 0.68 (0.49–0.94)

 2003–2006 Reference Reference

Abbreviations: CI, confidence interval; DAIR, debridement, antibiotics, and implant retention; DMARDs, disease-modifying antirheumatic drugs; HR, hazard ratio; MRSA, methicillin-resistant 
Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; OA, osteoarthritis; RA, rheumatoid arthritis.
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of RA patients. Sixth, our study focused only on S. aureus PJI 
and clinical outcomes associated with S. aureus. However, it is 
worth noting that S. aureus is the most common cause of PJI 
(20%–25% cases) and has the capacity to thrive on orthopedic 
implants through the formation of biofilms [2]. These factors 
could potentially impact clinical outcomes in patients who 
have a deviant immune system such as in RA. Finally, the small 
number of female patients among US veterans and the possible 
higher comorbidity inherent in our cohort limit the generaliza-
bility of our findings to nonveteran populations.

In a multiyear and large multicenter cohort study, prior di-
agnosis of RA did not appear to increase the risk of recurrent 
S. aureus PJI. Patients with 2SE had better survival free of failure 
compared with DAIR regardless of the arthritis type. These 
findings are somewhat reassuring, as risk of recurrent PJI does 
not appear to be a reason to avoid prosthetic joint implantation 
in RA patients.
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APPENDIX. ICD-9 CODES USED FOR IDENTIFYING 
COMORBIDITIES

Diagnosis ICD-9 Code

Hypertension 401.1, 401.9, 402.10, 402.90, 404.10,
404.90, 405.1, 405.9

Diabetes 250.0–250.3, 250.4–250.7, 250.9

Renal disease 403.11, 403.91, 404.12,
404.92, 585.x, 586.x,
V42.0, V45.1, V56.0,

V56.8

Myocardial infarction 410.x, 412.x

Congestive heart failure 428.x

Peripheral vascular disease 443.9, 441.x, 785.4, V43.4
Procedure 38.48

Cerebrovascular disease 430.x–438.x

Dementia 290.x

Chronic obstructive pulmonary disease 490.x–505.x, 506.4

Peptic ulcer disease 531.x–534.x

Mild liver disease 571.2, 571.4–571.6

Hemiplegia or paraplegia 342.0, 342.1, 342.9–
344.x

Malignancy 140.x–172.x, 174.x.–195.8,
200.x–208.x

Moderate liver disease 456.0–456.21, 572.2–572.8

Metastatic carcinoma 196.x–199.1

HIV/AIDS 042.x–044.x


