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Abstract

Background—To compare the risks of complications of primary total hip arthroplasty (THA)
between patients with ankylosing spondylitis (AS) and those without AS.

Methods—In this population-based study, we examined U.S. Medicare beneficiaries (< 75 years
old) with AS and a comparison group without AS who had primary THA in 1999 — 2013.
Complications were based on the 2013 Centers for Medicare & Medicaid Services THA
Complication Measure, which included myocardial infarction, pneumonia, and sepsis within 7
days; surgical site bleeding, pulmonary embolus, or venous thrombosis within 30 days; and
mechanical complications or local infection within 90 days. In addition, mortality within 90 days,
revision arthroplasty within one year, long length of stay, discharge to a care facility, and
readmission within 90 days were examined.

Results—The study included 2773 patients with AS and 107,341 patients without AS who had
THA. Perioperative, 30-day complications, and local infections were rare (< 1%) in both groups.
Mechanical complications and revision arthroplasty were uncommon in both groups. Ninety-day
mortality was lower among patients with AS (0.36% versus 0.7%). Patients with AS were more
likely to be discharged to a care facility, and slightly more likely to have a long length of stay.
Likelihood of a long stay was lower at hospitals that performed = 100 THA per year, but other
complications were not associated with hospital volume.

Conclusions—Complications after primary THA are uncommon in patients with AS and similar
in frequency to those without AS. Ninety-day mortality was lower among patients with AS.
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Total hip arthroplasty (THA) is an effective treatment for the functional limitations and pain
of chronic hip arthritis that may occur in patients with ankylosing spondylitis (AS) [1-6].
After 30 years of AS, 12% to 25% of patients with AS will have had a THA [7]. Studies of
the outcomes of THA in patients with AS have largely focused on long-term implant
survival and need for revision arthroplasty [5,6,8-15]. Many of these studies also reported
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generally low risks of perioperative complications, but did not include a comparison group
of patients without AS [2-6,8-15]. Given evidence that patients with rheumatoid arthritis
(RA) have higher perioperative morbidity with major arthroplasties than patients without
inflammatory arthritis, similar concerns extend to patients with AS [16].

Two recent studies reported higher risks of complications of THA in patients with AS
compared to those without AS. A study of 1002 U.S. Medicare beneficiaries with AS
reported risks of perioperative wound complications, cellulitis, and prosthesis breakage to be
1.5 to 2.5 times higher in patients with AS than controls, as well as increased risks of
dislocations, revision arthroplasties, and wound complications over two years
postoperatively [17]. Importantly, the comparisons were not adjusted for comorbidities or
patient socioeconomic status, both of which are associated with increased risks of THA
complications [18,19]. A study of the U.S. Nationwide Inpatient Sample reported two-fold
or higher risks of postoperative cardiac, peripheral vascular, thrombotic, and central nervous
system complications, as well as increased risks of wound complications and mortality,
following THA in patients with AS compared to patients with osteoarthritis [20]. However,
because this database only includes information from the index hospitalization, preoperative
comorbidities and post-discharge complications were unknown. Both studies used only a
single occurrence of a diagnosis code for AS to identify their cohorts, which may have
limited specificity.

In this study, we compared postoperative complications of primary THA among U.S.
Medicare beneficiaries with AS to those without AS, using strict criteria to ensure specificity
of the AS cohort. The study also examined if risks of complications were lower among
hospitals that performed more THAS, as has been suggested for THA in other conditions
[21-23]. The null hypothesis was that risks of post-operative complications were not higher
among patients with AS than among patients without AS.

METHODS

Data source and study design

This was a retrospective cohort study based on 100% Medicare Part A (hospitalization) and
Part B (provider) fee-for-service data from 1999 to 2013. Inpatient hospitalization data
included fields for up to 25 diagnoses and 25 procedures for surgeries and other
interventions per hospitalization. Part B data included information on outpatient visits, with
up to 12 possible diagnosis codes per encounter. Diagnoses and procedures were coded
using International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9) codes. Data were provided by the Centers for Medicare & Medicaid Services
(CMS) through a data use agreement. The study protocol was approved by the National
Institute of Arthritis and Musculoskeletal and Skin Diseases institutional review board.

AS cohort

The study group of interest was patients with AS undergoing primary THA. We included
patients younger than 75 years who had two or more inpatient or outpatient diagnosis claims
for AS (ICD-9 720.0) on face-to-face visits with a physician at least 7 days apart during their
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tenure in Medicare and had full-year coverage with Part A and Part B. Two validation
studies of administrative data reported that this definition had positive predictive values for
AS of 1.0 and 0.89, respectively [24,25]. We excluded patients who had diagnosis codes for
RA (714.0) or psoriatic arthritis (696.0) to further increase the specificity of the AS group.
We also excluded those whose first two hip procedures were revision arthroplasties (ICD-9
codes 00.70, 00.71, 00.72, 00.73, or 81.53) because they were not at risk for primary THA,
and those with hip fracture at the time of THA (ICD-9 code 820.X). Patients age 75 or older
were excluded because THA at these ages may be more likely related to osteoarthritis than
AS [26].

The cohort included all age-eligible patients with AS in 1999 and new enrollees with AS in
subsequent years as they became Medicare-eligible, making this a dynamic cohort. Of
211,332 Medicare beneficiaries in 1999-2013 with at least one ICD-9 diagnosis code for
AS, 121,649 were excluded because they did not have a second claim with a code for AS. Of
the remaining 89,683 patients, exclusions for age, other inflammatory arthritis diagnoses,
prior THA, hip fractures, and full-year coverage resulted in an AS cohort of 52,568 patients.
Among these, 2773 patients had one or more primary THA (ICD-9 code 81.51) during the
study years. We randomly selected one THA hospitalization per patient for analysis.

Comparison cohort

The comparison group consisted of a 20% random sample of Medicare beneficiaries in
1999, to which were added 5% random samples of persons entering Medicare in subsequent
years, to mimic the dynamic nature of the AS cohort. The same age, coverage, and
procedure restrictions were applied as in the AS group, but matching was not used. From
this group, we excluded patients with diagnosis code for AS throughout their tenure in
Medicare. Among 4,617,179 patients in the comparison group, 107,341 patients had one or
more primary THA during the study years. Again, we randomly selected one THA
hospitalization per patient for analysis.

Complications

We used the 2013 CMS Total hip arthroplasty/Total knee arthroplasty Complication Measure
to compare perioperative and postoperative complications between groups [27]. This
measure includes eight different potential complications of elective primary THAs, selected
because they represented clinically meaningful complications that can be temporally and
specifically attributed to a particular surgery. The measure was developed and validated
using Medicare data, and is used by CMS for public reporting of THA complications at
individual hospitals on its Hospital Compare website.

The measure is designed for use with administrative data, and provides ICD-9 diagnosis
codes for each complication, along with a time frame for qualifying as a postoperative
complication. The complications include: acute myocardial infarction, pneumonia, and
sepsis, during the index hospitalization or within 7 days of the hospitalization; surgical site
bleeding, pulmonary embolus, or death, during the index hospitalization or within 30 days;
and mechanical complications (including prosthesis loosening, dislocation, or peri-prosthetic
fracture) or joint or wound infection, during the index hospitalization or within 90 days. A
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list of the ICD-9 codes associated with each complication is provided in the Supplement. For
analysis, we modified the mortality indicator to be death during or within 90 days of
hospitalization to capture more deaths. We also added deep venous thrombosis (ICD-9
451.1X, 451.2, 453.4X) during the index hospitalization or within 30 days as a complication,
as this complication has been included in other studies [17,20]. We also tallied all
perioperative (7-day), 30-day, and 90-day complications.

We included four additional measures as indicators of post-operative complications: revision
hip arthroplasty (ICD-9 code 81.53) within 1 year, long length of stay during the THA
hospitalization, discharge to a rehabilitation hospital, nursing home, or intermediate care
facility (hereafter “care facility”), and readmission for any reason within 90 days. Length of
stay was classified as long if it exceeded the 90™ percentile of stays for primary THA in the
same calendar year among Medicare beneficiaries age 65 to 74.

Covariates included patient age, sex, race/ethnicity, low income status, and comorbidities.
Patients were classified as low income if they were recorded as having received state
subsidies for medical care during the year of THA. We recorded the presence or absence of
eight comorbid conditions (coronary artery disease, congestive heart failure, chronic
obstructive pulmonary disease, diabetes mellitus, chronic kidney disease, cancer, stroke, and
dementia) cumulatively from the patient’s entry in Medicare to the time of THA, based on
the CMS Chronic Condition Warehouse [28]. This algorithm uses a combination of
diagnosis codes and treatments to identify the presence of a particular comorbidity, and has
been extensively validated.

For associations with hospital volume, we computed the number of primary THAs done in
each hospital among Medicare beneficiaries in each calendar year, and sorted hospitals by
annual THA volume into approximate tertiles (1-44; 45-99; = 100).

Statistical analysis

We computed the frequency of each complication by study group, and used logistic
regression to compute odds ratios (OR) for the association between AS and each
complication. Multivariable logistic regression models included patient age, sex, race, low
income, and indicator variables for the eight comorbidities as covariates. To account for the
clustering of THAs within hospitals, the logistic models were implemented using
generalized estimating equations. In a sensitivity analysis, analyses were repeated after
removing patients with any physician-based claim with a diagnosis of RA or psoriatic
arthritis from the comparison group, because inclusion of these patients could possibly
reduce differences between groups.

To examine the association between frequency of complications and hospital THA volume,
we examined trends in complications using chi-square tests. We also tested if the likelihood
of a complication by hospital THA volume tertile differed between patients with AS and
those in the comparison group by testing the interaction between these variables in
multivariable logistic regression models.
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SAS programs (version 9.4, SAS Institute, Cary NC) were used for analysis. Significance
was set at alpha = 0.05, two-tailed. Because of the large sample, effect sizes provide a more
meaningful indicator of differences than p values. Based on conventional criteria for events
with a frequency of 1%—-3%, an OR of 1.6 (or 0.625) was considered to represent a small
effect, an OR of 3.0 (or 0.33) was considered to represent a medium effect, and an OR of 5.0
(or 0.2) was considered to represent a large effect [29].

RESULTS

Patient groups

The study included 2773 patients with AS and 107,341 patients without AS who had
primary THA. Patients with AS included a higher proportion of men and a slightly lower
proportion who were low income, compared to the group without AS (Table 1). Despite
being younger, the frequency of several comorbidities were slightly higher in patients with
AS. Fifty-three percent of patients with AS had been treated by a rheumatologist, with 40%
having a rheumatology visit prior to THA. Only 2.7% were treated with tumor necrosis
factor-alpha inhibitors at the time of THA.

Frequency of complications

Perioperative acute myocardial infarction, pneumonia, and sepsis were rare, and any
perioperative complication occurred in less than 1.5% of patients (Table 2). The association
between AS and sepsis did not vary by age (adjusted odds ratio (OR) 0.51, 95% confidence
interval (CI) 0.15, 1.64 among patients < age 65, and adjusted OR 0.52, 95% CI 0.16, 1.68
among patients age 65 or older). Bleeding or thrombotic complications within 30 days of
THA were also rare, and occurred similarly in both groups. Mechanical complications
occurred in 2.3% and 2.5% of patients in the AS and comparison group, respectively, while
3.3% and 2.8% had revision arthroplasty within one year. Risks of these outcomes did not
differ between groups after adjustment for demographic characteristics and comorbidities.

Ninety-day mortality was rare, but lower among patients with AS. The adjusted OR of 0.48
was consistent with a small-to-medium effect. The protective association was slightly
stronger among patients age 65 or older (adjusted OR 0.41, 95% CI 0.17, 0.92) than those <
age 65 (adjusted OR 0.61, 95% CI 0.22, 1.70). Long length of stay was marginally more
frequent among patients with AS. The crude proportions of patients discharged to a care
facility was similar in both groups (41.3% and 40.0%), but after adjustment, the likelihood
of discharge to a care facility was higher among those with AS. The magnitude of this
association approached a small effect. Readmission within 90 days occurred at similar
frequencies in both groups.

Among the 11 individual complications for which multivariable models were estimable
(excluding the perioperative, 30-day, and 90-day summary measures), the presence of
congestive heart failure and chronic kidney disease were significantly associated with 10
complications, dementia was associated with 8 complications, and diabetes mellitus and
chronic obstructive pulmonary disease were each associated with 7 complications in the
multivariable models. The strongest associations were between coronary artery disease and
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perioperative acute myocardial infarction (OR 2.35), chronic obstructive pulmonary disease
and perioperative pneumonia (OR 2.25), congestive heart failure and chronic kidney disease
with perioperative sepsis (OR 2.33 and 2.37, respectively), and congestive heart failure and
chronic kidney disease with 90-day mortality (OR 2.28 and 2.20, respectively). Low income
was associated with a higher likelihood of eight complications.

Sensitivity analysis

In this analysis, 11,920 patients with diagnosis claim codes for either RA or psoriatic
arthritis were excluded from the comparison group, because potentially higher frequencies
of post-operative complications in these patients might have reduced differences with the AS
group. The characteristics of patients in the sensitivity analysis were similar to the parent
group (Table 1). Frequencies of complications were also very similar to the parent
comparison group, as were the ORs with respect to patients with AS (Table 3).

Associations with hospital volume

There was a graded association between annual hospital THA volume and the frequency of
long lengths of stay among patients with AS, with long stays being 33% less frequent at high
volume hospitals (Table 4). Mortality within 90 days, and any 90-day complication, were
also less frequent at high volume hospitals, but because these complications were rare,
trends were not significant.

Among patients without AS, discharge to a care facility had a graded association with
hospital volume (44%, 39%, 37% at low, medium, and high-volume hospitals, respectively),
whereas among patients with AS, the frequency of discharge to a care facility did not vary
with hospital volume (39.6%, 42.2%, 42.0%, respectively) (p for interaction < 0.0001).
Other associations between the frequency of complications and hospital THA volume were
not significantly different between patients with and without AS.

DISCUSSION

In this study of older patients with AS who underwent primary THA, medical and surgical
complications in the perioperative and near-term post-operative period were rare, and
generally not different in frequency from those observed in patients without AS. Our results
differ from those of two previous studies [17,20]. Blizzard et al also analyzed THA
complications among Medicare beneficiaries, and reported higher risks of broken prostheses
and wound complications within 90 days of surgery, and higher risks of hip dislocation,
revision arthroplasty, and wound complications over two years, compared to controls [17].
Relative risks for these complications ranged from 1.42 (THA revision) to 2.54 (broken
prosthesis). They also reported lower risks of acute myocardial infarction and higher risks of
pneumonia, but did not analyze mortality, length of stay, or disposition. Several factors may
account for the differences between these results and our findings, most notably the lack of
adjustment for comorbidities and low income in the study of Blizzard and colleagues. Thirty
percent of their sample was age 75 or older, and 39% were women. Differences in the
samples may have also contributed, if THA complications occur particularly more
frequently in patients with AS older than age 75. Differences in diagnosis coding between
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studies may have also contributed to the differences in results. However, the absolute
frequencies of complications were similar between studies. For example, revision
arthroplasty was reported in 6.4% of patients over 2 years in their study, compared to 3.3%
over 1 year in the present study.

In an analysis of the Nationwide Inpatient Sample, Schnaser et al reported low frequencies
of THA complications in patients with AS [20]. However, risks of in-hospital mortality,
wound complications, and cardiac, peripheral vascular, thrombotic, central nervous system,
and gastrointestinal complications were higher among patients with AS than those with
osteoarthritis. The sample included all ages, and analyses adjusted for comorbidities, but due
to the nature of this database, complications and comorbidities were limited to those
recorded during the THA hospitalization.

An issue pertaining to both previous studies relates to the construction of the AS cohort.
Previous studies included patients with a single diagnosis code for AS, which may result in
misclassification due to coding errors [30,31]. In identifying our analytic sample, 57% of
patients with any AS claim had only a single claim, indicating poor specificity of a single
claim. We identified patients using claims throughout their tenure in Medicare. Patients who
had codes for RA and psoriatic arthritis were also excluded from the AS cohort. Inclusion of
these patients in the AS group in previous studies may have falsely inflated the complication
frequencies.

The lower mortality frequency among patients with AS may reflect differences in patient
selection. Although we controlled for major comorbidities, residual confounding by
differences in the severity of these conditions, or by other comorbidities, might account for
the mortality difference we observed. Concerns about difficulty with anesthesia or
respiratory complications due to a rigid chest wall may discourage patients with advanced
AS from electing THA, whereas these would not be concerns for most patients without AS
[32]. Patients with AS had higher odds of being discharged to a care facility after THA than
those without AS. This may reflect a need for additional rehabilitation and gait training due
to postural instability and increased risk of falling [33-35].

The results provided only limited evidence of an association between hospital THA volume
and complication frequency. Patients at high-volume hospitals were less likely to have a long
length of stay, possibly reflecting greater hospital efficiency. Long length of stay is also an
indirect indicator of complications [36,37]. Ninety-day mortality was also one-third lower
among patients whose THA was at high-volume hospitals. These results provide some
indication to favor high-volume hospitals when considering THA. Trends with hospital THA
volume were similar between patients with AS and those without AS for all complications
except discharge to a care facility, which was similar across THA volume categories among
patients with AS. This may reflect a recognized need for extended post-operative care in a
higher proportion of patients with AS.

This study has several limitations. Although the study was population-based, the dataset
does not include many younger patients, and we excluded those aged 75 or older.
Complications were short-term, and did not examine long-term implant survival. Because
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laterality of the THA was not known, we cannot be certain that a revision arthroplasty was
related to the index THA or an earlier contralateral THA. However, this uncertainty applied
equally to the AS and comparison groups. Random selection of one procedure for inclusion
for those patients who had bilateral THA may have resulted in a slight overestimation of
complication frequencies compared to an analysis of only the first THA, because those who
elected to have a second THA may be more likely to have done well after their first THA.
Because the same approach was used in both study groups, this would not be expected to
bias the comparisons. Finally, although we took steps to increase the specificity of the AS
group, some misclassification of diagnosis may be present.

These results suggest that perioperative and near-term post-operative complications of THA
are uncommon in patients with AS. In contrast to other recent reports, the frequency of
complications was no greater in these patients than in patients without AS. This information
can be used by patients and physicians to aid their decision-making regarding THA.
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SIGNIFICANCE AND INNOVATION

. This is the first study to use CMS validated measures to study complications
of hip arthroplasty in ankylosing spondylitis, and to adjust for important
clinical confounders.

. This is the first study to examine if the frequency of complications for this
procedure vary with hospital volume.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2020 August 01.



Page 12

Ward

UOITRIASD pJepue]S F UBa|A|
¥

€€ v'e (04 9% ‘enuawaq
L9 89 TL % ‘»ons
€11 [ an % '190ueD
T0T €0T 8'ZT 9% ‘aseasIp AsupIy 21UoIyD
9'€c 8'¢e €'6e % ‘snij|sw ss18qelq
9'€e R 74 8've 05 ‘aseasip Areuow|nd aA1IdNAISYO D1UOIYD
6'GT 791 6'8T 9% 'd4n|1e} 1eay aAnsabuod
7'8e 1'8€ e 05 ‘aseasIp Alale AreuoloD
9'€T €Vl 70T % ‘aWodul Mo
6T ¢ 4% % ‘8U10
L S 09 % “oelg
6°06 06 8'68 % ‘@UYM
L0y cor ¥'69 % ‘USIN
TLFT69 £LF 069 gOTFTT9 , Steak ‘aby
J1rer10sd pue _u_SmEsw:m_ﬁmw_.\,m\,mﬂucﬂwwﬁ_w_mu_ﬂm_oxmw dnouo uosiredwo) (T€'20T = N) dnouo uosiredwo) | (€222 = N) sijApuods BuisolSuy

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

"$O1IS1Ia10RIBYD JUBIE

Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2020 August 01.



Page 13

E
=

"eluaWap pue
‘90415 ‘190UBD ‘aseasip AsupIy J1U0JYI ‘SNIj[aW SalageIp ‘aseasip Areuownd aA1ONAISCO JIUOIYD ‘ain|iey 1eay aAnsabuod ‘aseasip Alalie A1euolod Jo 80uasaid pue ‘awodul Moj ‘adel ‘Xas ‘abe 1oy paisnipy
¥

(80'T '¥8'0) 56°0 (TZ'1'56°0) 80'T (5'11) 18€TT (e'zT) 2ve sAep 06 UIYIM UOISSIWpEdY
(S9'T'0V'T) 25T (9T'1'66°0) L0'T (0'ov) ov6ey (€'TY) 9VTT An1oey a1e 01 pabreydsig
(0e'T'20T)ST'T (ev'T'eTT) 22T (9'6) 0TEOT (6'11T) 62€ Kes Jo yibuaj Buo
(92'1'180) 10T (9v'1'56'0) 8T'T (8'2) T00E (e€) 16 Teak T uiynm Ajsejdoype uoisinay
(66'0 ‘09°0) 2L°0 (80'T'29°0) 58'0 (52) eLe€ (e2)sL uoreal|dwod Aep 06 Auy
(06'0 '52°0) 8%°0 (96'0'22°0) 150 (02°0) 672 (9'0) 0T sAep 06 UIyIM Uread
aN aN (€0°0) 62 0 uonosyul als [ea1bing
(TT'T'99'0) 98°0 (zz'1'vL0)S6'0 (s2) 8v9z (e2) g9 [e91UBYIDIN
suonealjdwo) Ae@ 06
(96’1 '8L°0) ¥2'T (¥6'T'6L°0) ¥2'T (85°0) €29 (z2°0) 0z uoryeal|dwod Aep og Auy
(L£'2'S5°0)ST'T (T15'2'190) ¥2'T (€2'0) 0S¢ (62°0) 8 sIsoqLu0Iy} snouaa deaQ
(Te'z'1L0) 82T (ST'2'89°0) 12T (9e0) €8¢ (ev'0) et snjoqwsa Areuow|nd
aN aN (t0'0) 9 0 Buipaalg punopm
suonealjdwo) Aeq 0g
(82'1°29'0) €6'0 (ev'T'9L°0)S0'T (8e'T) S8YT (wr'T) ov uoneal|dwod alesadonad Auy
(ST'T'22°0) 150 (ov'T '62°0) ¥9°0 (v€'0) G9¢ (zz0) 9 sisdag
(ev'T ‘'19'0) €6°0 (95'1'89°0) €0'T (08'0) 298 (e8'0) €2 eluownaud
(ezz'vL0) 62T (¥2'2'sL'0) 0T (9e0) 88¢ (vo) et uonJejul [e1psesoAw sinoy
anneladoliad
(T¥€'£0T = N) dnoa uostredwod | (€242 = N) siiApuods Buisoluy

{10 9%56) oney sppo parsnipy

(1D 9%G6) oney sppo apnao

pajdayse (Juadad) JequinN

Author Manuscript

'3]geWNSa JoU = JN ‘[eAIdIUl 3dUsplU0d = | "dnoib uosLiedwod sy snsiaA sijApuods BulsojAue

Author Manuscript

¢ dlqeL

Author Manuscript

Ym sjuaired Ul 83U814N9220 JO SPPO 8yl Juasaldal sonel sppO “Aisejdoayuie diy 2101 Arewiid Jsiye suoiealdwod yim snijApuods BuisojAdue Jo uo1eIo0ssy

Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2020 August 01.



Page 14

Ward

“eljUBLAP pue

'3Y043s “190URD ‘aseasIP ABUPIY D1UOIYD ‘SN}Ij[aW salaqelp ‘aseastp Areuow|nd aAONASCO J1UOIYD ‘aan|Iey B3y 8ANSaBU0D ‘aseasip Alalie A1euolod Jo 8ouasaid pue ‘awooul Mo| ‘el ‘xas ‘abe Joy parsnipy
*

(0T'T'58°0) 26'0 (SzT1'660) TT'T (z'11) 50201 (eer) eve sAep 06 UIYIM UOISSIWPEdY
(29T 2rT) ¥S'1 (8T'T'70T) 60'T (¥'6€) 0G.€ (€'TY) 9¥TT A1oey a1ed 0} pabireyosia
(0e'T'20T)ST'T WrTvTT) 82T (5'6) z€06 (6'TT) 62E Kexs Jo ypbus| BuoT
(0£'T'€8°0) ¥0'T (eST'00T) ¥2'T (2'2) evse (e€) 16 Teak T utynm Aysejdolype uoisinay

(007 '19°0) 820 (er'T'0L0) 680 (e2) z68¢ (e2)sL uoneal|dwod Aep 06 Auy

(88'0 'v2'0) 9¥'0 (€6'0'92°0) 05°0 (z2'0) 289 (9'0) 0T sAep 06 UlyIM yyead

aN aN (€00) L2 0 uonoaul ays [ealbing

(ST'T'89°0) 88'0 (62'T'8°0) 00'T (e'2) Geee (€2) 59 [e91UEYIBIN
suoneardwo) Aeq 06

(06'T'5L°0) 02T (T6'T'8L°0)€2'T (65°0) 295 (z20) 02 uoreal|dwod Aep og Auy

(6272'€50)TT'T (ov'z'090) 22T (¥z'0) 92¢ (6z°0) 8 sIsoquioay} snous dasq

(Lz'2'69°0)S2'T (eT'z'L90) 02T (9¢°0) sv€ (ev'0) et snjoqusa Areuow|nd

aN aN (T00o) § 0 Butpaalg punom
suonealjdwo) Aeq 0g

(92'1'99°0) 16'0 (Fr'T'9,°0)SOT (8e'T) 81€T 1) O% uonesl|dwiod sanesadoriad Auy

(ST'T'22°0) 15°0 (zv'T '0£°0) 99°0 (v€'0) oze (zz0) 9 sisdag

(0T '65°0) T6'0 (957 '89°0) €0'T (08°0) L9 (e80) €2 eluownaud

(0z'z'eL0) Lzt (vz'2'sL0) 08T (9¢°0) sv€ (o) et uonoseyul [erpsesoAw anoy
anneladoliad

(Tzv'se = N) sniaypre oneliosd Jo plojewnayl
yum sjuaired Buipnjoxs dnoldo uosiaedwo)d (€222 = N) snjApuods BuisojSuy

{10 9%86) oney sppo parsnlpy

(1D 9%G6) oley sppO spnId

paldaye (usdlad) JaquinN

Author Manuscript

"9]0eWIISA 10U = JN "[eAISIUI BOUBPIUOD =
1D "dnoib uostredwod ay) snsiaa siijApuods BuisojAxue yum sjusired ul 80U811N290 JO SPPO a1 Jussaldal solrel sppO ‘dnolh uostiedwod ay) woly siLIyLe
a11e0sd 10 projewnayl yum spuained Buipnjoxe Jaye ‘Aisejdoayure diy e101 Arewnid Jayye suonealjdwod yum siijApuods BuisojAyue Jo UoIeId0SSY

€ 9lqeL

Author Manuscript Author Manuscript

Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2020 August 01.



Page 15

Ward

9.0 %cC€- 61T 8¢l oA % ‘sAep 06 UIYIM UOISSILIpEaY
€€0 %19+ ocr (44 9'6€ 9% ‘Au108y 81e9 0} pafireyosia
€000 %0°€E- €6 L't 6'€T % ‘Aess yo yibua| Buo
950 %0'vE- T€0 T€0 JA4l] % ‘skep 06 ulyIm yreag
650 %6'CT- 0T'e e 95 % ‘1eak T ulynm Aisejdoayrre uoisiney
620 %9'G¢— 8€'C 09°¢ 0ce 9% ‘uoiyeat|dwod Aep 06 Auy
9.0 %6 TE+ 290 00T L0 % ‘uonesl|duod Aep og Auy
¢80 %S TT+ SY'1 99T 0e'T % ‘uolyeol|dwod aneladoriad Auy

196 €96 €78 syuaned Jo JsquinN

MO (ueak aad WHL (u1eak aad WH 66 (aeah aad WHL
puany d | 'saybiH :aoualayiq annelsy 00T <) sfendsoy awnjon ybiH — GP) Sfeydsoy awnjoA wnipain ¥¥ — T) S[endsoy awnjoA mo]

Author Manuscript

¥ alqeL

Author Manuscript

"salIeIdljauaq aJedIpaA |[e Buowe
pawJopad (WH.L) sensejdoiyure diy je101 Arewiid Jo awnjoa [endsoy enuue Aq ‘siijApuods BuisojAue yim siuaied Buowe suonealjdwod Jo Asuanbaid

Author Manuscript

Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2020 August 01.



	Abstract
	METHODS
	Data source and study design
	AS cohort
	Comparison cohort
	Complications
	Covariates
	Statistical analysis

	RESULTS
	Patient groups
	Frequency of complications
	Sensitivity analysis
	Associations with hospital volume

	DISCUSSION
	References
	Table 1
	Table 2
	Table 3
	Table 4

