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Patients with Systemic Lupus Erythematosus Have
Increased Risk of Short-term Adverse Events after Total
Hip Arthroplasty
Jordan E. Roberts, Lisa A. Mandl, Edwin P. Su, David J. Mayman, Mark P. Figgie, 
Arielle W. Fein, Yuo-yu Lee, Ummara Shah, and Susan M. Goodman

ABSTRACT. Objective. Total hip arthroplasty (THA) is performed more frequently in patients with systemic lupus
erythematosus (SLE) than in the general population. However, whether patients with SLE have higher
complication rates than patients with osteoarthritis (OA) is unknown. This study compares adverse
events (AE) in SLE with OA controls.
Methods. Patients in our institution’s registry were eligible. SLE was identified by the International
Classification of Diseases, 9th ed code. AE were identified by chart review and questionnaire. Patients
with SLE were matched with OA controls. Multivariate regression was performed to identify
independent predictors of AE.
Results. Fifty-eight patients with SLE THA were matched with 116 OA controls. Of the patients with
SLE, 47.4% had Charlson-Deyo comorbidity scores (excluding SLE) > 1 versus 13.1% of OA 
(p < 0.0001). Length of stay was longer for SLE (6.0 days vs 4.7 days, p = 0.0008). Patients with SLE
had more falls (10.3% vs 1.7%, p = 0.017), deep vein thrombosis (5.2% vs 0%, p = 0.036), acute renal
disease (8.6% vs 0%, p = 0.004), wound infections (6.9% vs 0.9%, p = 0.043), and revision surgeries
(5.2% vs 0%, p = 0.036). In a logistic regression controlling for comorbidities, SLE had an increased
risk of AE (OR 3.77, 95% CI 1.74–8.16). Comorbidity scores were not significantly associated with
AE. Among those with SLE, there were no significant differences in AE in those taking corticosteroids.
Conclusion. SLE is an independent risk factor for AE after THA. Patients with SLE had higher rates
of falls, acute renal disease, infections, and revision surgeries than matched OA controls. Further
research is needed to understand the causes of increased AE in patients with SLE. (First Release June
15 2016; J Rheumatol 2016;43:1498–502; doi:10.3899/jrheum.151373)

Key Indexing Terms:
ARTHROPLASTY          SYSTEMIC LUPUS ERYTHEMATOSUS                  OSTEOARTHRITIS
HIP ADVERSE EVENTS

From the Divisions of Rheumatology and Orthopedics, Hospital for
Special Surgery; Weill Cornell Medical College; New York-Presbyterian
Hospital; Columbia University College of Physicians and Surgeons, New
York; University of Rochester School of Medicine and Dentistry,
Rochester, New York, USA.
Supported by the Hospital for Special Surgery Medical Student Research
Fellowship, the Clinical Translational Science Center (award number
UL1-TR000457-06), and the US Centers for Education & Research on
Therapeutics, Agency for Healthcare Research and Quality Grant U18
HS016075.
J.E. Roberts, BA, Medical Student, Weill Cornell Medical College; 
L.A. Mandl, MD, MPH, Assistant Attending Physician, Hospital for
Special Surgery, and Assistant Research Professor of Medicine, and
Assistant Research Professor of Public Health, Weill Cornell Medical
College; E.P. Su, MD, Associate Attending Orthopedic Surgeon, Hospital
for Special Surgery, and Associate Professor of Orthopedic Surgery, Weill
Cornell Medical College; D.J. Mayman, MD, Associate Attending
Orthopedic Surgeon, Hospital for Special Surgery, and Associate

Professor in Orthopedic Surgery, Weill Cornell Medical College, and
Associate Attending Orthopedic Surgeon, New York-Presbyterian
Hospital, and Clinical Co-Director, Computer Assisted Surgery Center,
Hospital for Special Surgery; M.P. Figgie, MD, Attending Orthopedic
Surgeon, and Chief of Surgical Arthritis Service, Hospital for Special
Surgery, and Professor of Clinical Orthopedic Surgery, Weill Cornell
Medical College; A.W. Fein, BA, Research Coordinator, Hospital for
Special Surgery, and Medical Student, Columbia University College of
Physicians and Surgeons; Y. Lee, MS, Biostatistician, Healthcare
Research Institute, Hospital for Special Surgery; U. Shah, MD, Assistant
Professor of Medicine, University of Rochester School of Medicine and
Dentistry; S.M. Goodman, MD, Associate Attending Physician, Hospital
for Special Surgery, and Associate Professor of Medicine, Weill Cornell
Medical College.
Address correspondence to Dr. J.E. Roberts, 420 East 70th St., Apt 11N2,
New York, New York 10021, USA. E-mail: jor2035@med.cornell.edu
Accepted for publication April 18, 2016.

Arthritis and avascular necrosis are common complications
of systemic lupus erythematosus (SLE), leading to an
increased rate of total hip arthroplasty (THA) compared with
the general public1. Additionally, improved treatment has
increased 10-year survival for patients with SLE from under
60% in the 1960s to about 90% today2. As survival improves

and patients with SLE become healthier, older adults, more
patients with SLE are candidates for elective THA3.

While patients with SLE are reported to have higher rates
of perioperative complications, including acute renal injury,
infection, and pulmonary embolus (PE) after surgeries
requiring the use of spinal, epidural, or general anesthesia4,
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and despite the widespread use of THA, it is unknown
whether the rate of complications after THA in patients with
SLE is higher than in patients without SLE. Corticosteroids
and other immunosuppressant medications have also been
reported to increase the risk of postoperative infections5.
Increased morbidity and mortality following total hip
replacement have been reported in patients with SLE6,7.
However, these historical rates may not reflect improved SLE
treatment or modern anesthetic and surgical techniques.

The purposes of our study were to determine whether
patients with SLE have the same number of adverse events
(AE) in the first 6 months after primary THA surgery
compared with patients with osteoarthritis (OA), and to
identify whether medication use or comorbidities contribute
to the number of complications.

MATERIALS AND METHODS
Ours was a retrospective case-control study of patients with SLE aged ≥ 18
who underwent primary THA at a single high-volume institution from 2007
to 2011. Patients with SLE were identified by the International Classification
of Diseases, 9th ed (ICD-9) code 710.0 and were validated by chart review
using previously published algorithms8,9. Each validated patient with SLE
had ICD-9 codes for SLE on 2 or more visits, 3 of 11 American College of
Rheumatology criteria for SLE, diagnosis of SLE by a rheumatologist,
and/or use of immunosuppressant medications other than prednisone
documented in their chart. Patients with ICD-9 codes for any other rheumatic
disease, those undergoing revision hip replacement, those with an acute
fracture necessitating hip replacement, and those who did not consent or
enroll in the THA registry were excluded. Patients with 2 consecutive
unilateral THA only contributed data from the first procedure. Patients
selected as controls had operations listed within the same institutional
registry and underwent primary THA between 2007 and 2011. For each SLE
THA case, 2 OA controls were identified from the registry and matched to
each SLE THA on age, sex, unilateral versus bilateral surgery (both hips
replaced during the same operation), year of surgery, and THA versus hip
resurfacing.

The hospital’s Institutional Review Board approved this research study.
Adverse events. AE were identified from 3 sources: 6-month postoperative
patient self-report questionnaires collected as part of the joint replacement
institutional registry, inpatient hospital records, and surgeons’ outpatient
office charts. AE were categorized as either major or minor. Major AE
included PE, deep vein thrombosis (DVT), deep surgical site infection, a
major bleeding event, pneumonia, stroke, myocardial infarction (MI),
fracture, dislocation, reoperation, acute renal failure (defined using the
Responder Index for Lupus Erythematosus criteria), and death10. Minor AE
included minor bleeding, superficial infection, ecchymosis, transient
neuropathy, incision site drainage, poor wound healing, erythema, and atelec-
tasis. Length of followup for all patients was recorded from surgeons’ office
charts. Charlson-Deyo comorbidity scores were calculated preoperatively
excluding the diagnosis of SLE. Preoperative and 6-month postoperative
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
scores for pain and function, scored from 1 to 100 with 1 being the worst
pain or function, were recorded for patients in both groups in the joint
registry database.
Statistical analysis. Descriptive statistics and inferential statistics comparing
SLE cases with OA controls were performed. Continuous variables were
compared between groups using the 2-sample Student t test, and categorical
variables were compared using the chi-square or Fisher’s exact test when
appropriate. Multiple logistic regressions were performed to identify
variables independently associated with developing short-term AE. The
multiple logistic regression included variables found to be significant in the

univariate analysis. All tests were 2-sided with significance level of 0.05,
and all analyses were conducted using SAS for Windows 9.2 (SAS Institute
Inc.).

RESULTS
Fifty-eight patients with SLE met the inclusion criteria and
were matched with 116 OA controls. All cases and controls
had hospital records and office charts available. Of the
patients, 53% of the SLE group and 84% of the OA group
returned the registry 6-month self-report questionnaires. The
duration of recorded postoperative followup available for
review did not differ between groups (23.24 weeks SLE vs
23.39 weeks OA, p = 0.89).

Mean age was 52 years for SLE versus 50 years for OA
(p = 0.57). Of the patients, 89.6% were women in the SLE
group versus 90.5% in the OA group. For both groups, 5.2%
of patients underwent hip resurfacing. Of the patients, 94.8%
of the SLE group and 97.1% of the OA group had unilateral
procedures. WOMAC pain scores were significantly statisti-
cally but not clinically worse in the SLE group (40.5 vs 48.4,
p = 0.04). WOMAC function scores were also worse in the
SLE group (39.6 vs 46.9, p = 0.06), though this was not statis-
tically significant (Table 1). Charlson-Deyo Comorbidity
Index scores showed that patients with SLE had significantly
more comorbidities than OA: 47.4% of SLE had scores ≥ 1
vs 13.1% of OA (p < 0.0001).

Preoperative immunosuppressant use was far more
common in the SLE group than in the OA group (Table 2).
Of the patients, 57% of the SLE group was taking hydroxy-
chloroquine versus 0% of the OA group. Corticosteroid use
and perioperative “stress-dose” steroids were more common
in SLE than OA (44.8% vs 0.9%, p < 0.0001, and 53.4% vs
1.7%, p < 0.0001, respectively). Only 21% of the SLE group
took no immunosuppressant medication versus 98% of the
OA group.

Combined spinal/epidural anesthesia was more common
in patients with OA (98.3% OA vs 82.5% SLE, p < 0.0001),
while more patients with SLE received either spinal alone
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Table 1. Preoperative patient characteristics. Values are mean (SD) or %
unless otherwise specified.

Characteristics SLE, n = 58 OA, n = 116 p

Age, yrs 52.0 (2.3) 50.3 (1.8) 0.57
Female 89.6 90.5 0.83
Hip resurfacing 5.2 5.2 0.17
Unilateral replacement 94.8 97.1 0.42
BMI 27.2 (0.8) 27.0 (0.6) 0.88
Diabetes 3.5 0.9 0.25
WOMAC pain, 1–100, 

1 is worst pain 40.5 (18.4) 48.4 (20.6) 0.04
WOMAC function, 1–100, 

1 is worst function 39.6 (19.8) 46.9 (20.0) 0.06

Significant data are in bold face. SLE: systemic lupus erythematosus; OA:
osteoarthritis; BMI: body mass index; WOMAC: Western Ontario and
McMaster Universities Osteoarthritis Index.
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(14% SLE vs 0.9% OA, p < 0.0001) or general anesthesia
(3.5% vs 0.9%, p < 0.001). More patients with OA received
aspirin for DVT prophylaxis in the first 6 weeks following
discharge (74.1% vs 34.5%, p < 0.0001), while more patients
with SLE received enoxaparin (13.8% vs 0%, p < 0.0001) or
warfarin (65.5% vs 25.9%, p < 0.0001). There was no
difference in the operative time between the groups (86.9 min
SLE vs 84.4 min OA, p = 0.65). Length of stay was signifi-
cantly longer in the SLE group (6.0 days vs 4.7 days, p =
0.0008).

Six months after surgery, patients with SLE had signifi-
cantly more falls (10.3% vs 1.7%, p = 0.017), acute renal
disease (8.6% vs 0%, p = 0.004), superficial wound infections
(6.9% vs 0.9%, p = 0.043), and additional surgeries, including
revision of prostheses and repair of fracture resulting from
postoperative fall (6.9% vs 0%, p = 0.012; Table 3). No MI,
PE, pneumonia, neuropathy, deep infection, or death were
recorded within 6 months in either group. Overall, 50% of
those with SLE had any AE versus 19.8% of those with OA
(p < 0.0001), and 34.5% of patients with SLE had a major

AE versus 10.3% of patients with OA (p = 0.0001). Length
of followup did not differ between groups (23.24 weeks SLE
vs 23.39 weeks OA, p = 0.89).

In a multiple logistic regression analysis controlling for
comorbidities and type of anesthesia, SLE was associated
with an increased risk of total AE compared with OA (OR
3.77, 95% CI 1.74–8.16), as well an increased risk of minor
AE (OR 3.54, 95% CI 1.41–8.91) and major AE (OR 3.70,
95% CI 1.52–8.89; Table 4A, Table 4B, and Table 4C).
Interestingly, comorbidity scores with SLE excluded were
not significantly associated with the risk of AE. Among
patients with SLE, there was no increased risk of AE in those
taking preoperative corticosteroids, those receiving periop-
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Table 2. Preoperative immunosuppressant use. Values are %.

Medications SLE OA

Hydroxychloroquine 56.9 0.0
Prednisone 44.8 0.9
Methotrexate 17.2 0.0
Mycophenolate mofetil 17.2 0.0
Azathioprine 8.6 0.0
IV immunoglobulin 1.7 0.0
Cyclophosphamide 0.0 0.0
Perioperative “stress-dose” steroids 53.4 1.7
No immunosuppressant medication 20.6 98.3

SLE: systemic lupus erythematosus; OA: osteoarthritis; IV: intravenous.

Table 3.Adverse events. Values are n (%) unless otherwise specified.

Adverse Events SLE OA p

Major events
Acute renal insufficiency 5 (8.6) 0 (0) 0.004
Arrhythmia 1 (1.7) 0 (0) 0.33
Deep vein thrombosis 3 (5.2) 0 (0) 0.036
Falls 6 (10.3) 2 (1.7) 0.017
Postoperative fracture 2 (3.4) 0 (0) 0.11
Dislocation 5 (8.6) 3 (2.6) 0.12
Additional surgery* 4 (6.9) 0 (0) 0.012

Minor events
Superficial surgical site infection 4 (6.9) 1 (0.9) 0.04
Excessive surgical site drainage 3 (5.2) 1 (0.9) 0.09
Surgical site ecchymosis 0 (0) 2 (1.7) 0.55
Surgical site erythema 3 (5.2) 2 (1.7) 0.33
Spinal headache 2 (3.4) 0 (0) 0.11
Delayed wound healing 0 (0) 2 (1.7) 0.55

* Additional surgeries include 3 revisions and 1 repair of fracture resulting
from postoperative fall. Significant data are in bold face. SLE: systemic
lupus erythematosus; OA: osteoarthritis.

Table 4A. Multivariate logistic regression*. Any adverse event.

Variables OR 95% CI p

SLE vs OA 3.77 1.74–8.16 0.0008
Charlson-Deyo Comorbidity 

Index**, ≥ 1 vs 0 1.69 0.76–3.76 0.20
Epidural block vs no 1.29 0.35–4.73 0.71

* All models control for disease (SLE vs OA), comorbidities, and type of
anesthesia. ** The Charlson-Deyo Comorbidity Index was calculated by
excluding SLE. Significant data are in bold face. SLE: systemic lupus erythe-
matosus; OA: osteoarthritis.

Table 4B.Multivariate logistic regression*. Any major adverse event: DVT,
PE, fall, fracture, additional surgery, acute renal disease, cardiac event, MI,
dysrhythmia, deep surgical site infection, bleeding event requiring trans-
fusion, pneumonia, neuropathy, and death.

Variables OR 95% CI p

SLE vs OA 3.70 1.52–8.89 0.004
Charlson-Deyo Comorbidity

Index**, ≥ 1 vs 0 1.82 0.75–4.41 0.19
Epidural block vs no 0.87 0.22–3.35 0.84

* All models control for disease (SLE vs OA), comorbidities, and type of
anesthesia. ** The Charlson-Deyo Comorbidity Index was calculated by
excluding SLE. Significant data are in bold face. SLE: systemic lupus erythe-
matosus; OA: osteoarthritis; DVT: deep vein thrombosis; PE: pulmonary
embolus; MI: myocardial infarction.

Table 4C.Multivariate logistic regression*. Any minor adverse event: super-
ficial infection, ecchymosis, erythema, incision site drainage, spinal
headache, and poor wound healing.

Variables OR 95% CI p

SLE vs OA 3.54 1.41–8.91 0.007
Charlson-Deyo Comorbidity 

Index**, ≥ 1 vs 0 1.19 0.46–3.12 0.72
Epidural block vs no 1.91 0.37–9.86 0.44

* All models control for disease (SLE vs OA), comorbidities, and type of
anesthesia. ** The Charlson-Deyo Comorbidity Index was calculated by
excluding SLE. Significant data are in bold face. SLE: systemic lupus erythe-
matosus; OA: osteoarthritis.
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erative stress-dose steroids, or those taking any immunosup-
pressant medication.

DISCUSSION
Our study demonstrates that, despite improvements in SLE
treatment and the use of modern anesthesia and surgical
techniques, patients with SLE continue to be at high risk
for complications following THA. In our cohort, patients
with SLE had significantly higher rates of minor, major,
and all AE when compared with matched OA controls,
even after controlling for anesthesia type and non-SLE
comorbidities. Rates of superficial surgical site infection,
falls, acute renal insufficiency, and additional surgery were
significantly higher than in patients with OA. In addition,
the mean length of stay in the hospital was significantly
longer in the SLE group. Despite prior studies indicating
that immunosuppressant medications and corticosteroids
in particular increase the risk of postoperative complica-
tions, in our cohort of patients with SLE there was no
significant association between immunosuppressant
medication used, if any, and the risk of postoperative infec-
tions or total AE.

While type of DVT prophylaxis differed between the SLE
and OA groups as a whole, this difference did not explain the
disparity in complication rates. Of the 2 SLE cases with DVT,
1 was taking acetylsalicylic acid (ASA) for DVT prophylaxis
and 1 was taking warfarin. All of the 5 patients who had
increased wound drainage while in the hospital (3 SLE cases
and 2 OA controls) were receiving ASA and warfarin. Of the
4 SLE cases with superficial wound infection, all developed
the complication while in the hospital. At the time the
infection developed, 2 were taking warfarin alone, 1 was
taking ASA alone, and 1 was taking enoxaparin and warfarin.
The 1 OA control with a superficial wound infection
developed the infection after discharge and was taking ASA
for DVT prophylaxis.

There is little literature on the rate and timing of super-
ficial wound and prosthetic joint infection in patients with
SLE. One early case series of patients with SLE undergoing
THA reported a superficial wound infection rate of 16% (5/31
patients) and a prosthetic joint infection rate of 3% (1/31
patients), but did not give information on timing after
surgery6. A systematic review of outcomes in SLE THA
showed an overall superficial wound infection rate of 3.3%
across 9 study cohorts, but also did not report timing after
surgery11. However, in a cohort analysis of patients with and
without rheumatoid arthritis (RA) who developed prosthetic
joint infection after undergoing total knee and hip arthro-
plasty, the RA group presented sooner following surgery
compared with the control group (median joint age 72 days
vs 128 days, p = 0.001), suggesting that most cases of
prosthetic joint infection in a similarly immunosuppressed
population would have been identified with a 6-month
followup12. Further, because prosthetic joint infections are

an extremely rare complication, we would not have expected
to see any in our relatively small cohort.

It is unclear why the SLE cohort experienced a higher rate
of falls than the OA controls. The literature on falls after THA
identifies several risk factors for falls, including poly-
pharmacy, which may be applicable to our patient population
because the majority of the SLE group were taking immuno-
suppressant medications compared with < 1% of the patients
with OA13. Patients with SLE have also been shown to have
an increased incidence of Vitamin D deficiency, which has
been associated with higher rates of falls14. Finally, functional
status and strength are also well-known protective factors
against falls, including in postoperative total joint arthro-
plasty patients and in those with rheumatic disease15,16.
Patients with SLE may be weaker than patients with OA
because of their underlying disease or treatment with corti-
costeroids, thus putting them at higher risk of falls. It is
unclear to what extent each of these factors contributes to the
increased rate of falls after THA, and further research is
needed to better understand the causes of falls in the SLE
population.

Limitations of our study include that it was underpowered
to find differences in very rare events such as death. Our
study was performed at a single high-volume center
performing over 4300 total hip replacements per year;
therefore the results may not be generalizable because most
hip replacements are performed at lower-volume centers17.
Since our study was retrospective, AE were not systemati-
cally looked for, so bias in ascertainment might have been
introduced. We also did not have information regarding the
serologies, antiphospholipid syndrome status, or disease
activity of patients with SLE, which may be useful in identi-
fying higher risk patients. Moreover, as many of our surgical
patients receive their rheumatology care elsewhere, our
validation methodology was limited by our lack of specific
SLE data in patients’ records. However, the use of ICD-9
codes on multiple visits, specialist diagnosis, and the use of
specific therapy have all been shown to improve diagnostic
specificity and would decrease the risk of bias introduced
through misclassification8,9. The 6-month self-report surveys
from patients with SLE were returned at a lower rate than
those from the OA control group. Patients with greater preop-
erative disease severity and those with poorer surgical
outcomes have been shown to have lower response rates to
surveys18,19, introducing a possible source of bias when
comparing complication rates in groups with differing illness
severity. However, in addition to the patient self-reported
surveys, hospital charts and surgeon’s outpatient office charts
from postoperative appointments were reviewed for compli-
cations. Hospital and office charts were available for all
patients, and the duration of followup visits was not different
between patients with SLE and patients with OA, making it
less likely that complications were missed because of the
disparity in survey completion rates.
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Strengths of our work included ours being the largest
study of AE in a validated sample of patients with SLE under-
going total hip replacement, to our knowledge. Our study
used contemporary data, with all procedures performed
between 2007 and 2011. Access to hospital and outpatient
records, as well as self-reported patient questionnaires,
allowed for more sensitive identification of AE than previous
studies based on ICD-9 codes alone.

We found that patients with SLE have higher rates of
complications following total hip replacement compared with
patients with OA, even when controlling for comorbidities
and type of anesthesia used. AE in patients with SLE were
not significantly associated with immunosuppressant medica-
tion use in our cohort. Despite the improvements in disease
management, patients with SLE undergoing total hip
replacement should be recognized as a high-risk population.
Further research is needed to better understand the causes of
increased postoperative risk in patients with SLE.
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