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Abstract 
Objective

Atlantoaxial subluxation is a well-known cervical spinal disorder in rheumatoid arthritis (RA) and certain patients with 
this condition may need to receive atlantoaxial spinal fusion (AASF). However, there is limited information available 
regarding demographics and outcome trends. The purpose of this study is to present an analysis of RA patients who 

underwent elective AASF using national in-hospital data.

Methods
Clinical data were derived from the US Nationwide Inpatient Sample (NIS) between 2000 and 2009. Patients who had a 

diagnosis of RA and underwent elective AASF, total hip arthroplasty (THA), and total knee arthroplasty (TKA) were 
identified. Data regarding patient- and healthcare system-related characteristics, comorbidities, in-hospital complications, 

and mortality were retrieved. The trends of the procedures were analysed. 

Results
There were 1,460 RA patients aged ≥18 who underwent elective AASF between 2000 and 2009. During the last decade, 
the incidence of elective AASF in RA patients remained stable. The overall in-hospital complication rate of AASF in RA 

patients was 10.9%, which was more than twice that of THA and TKA in RA patients (THA: 4.8%; TKA: 4.9%). 
Respiratory complication rate (5.3%) was the highest among the complications. In-hospital mortality rate of such 

patients was 1.1%. 

Conclusion
During the last decade, the incidence of elective AASF in RA patients remained stable. In-hospital morbidity and 

mortality rates of AASF in RA patients were higher than those of other major orthopaedic surgeries in RA patients. 
Respiratory management is particularly important after AASF in RA patients.
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Introduction
Atlantoaxial subluxation (AAS) is the 
most frequent cervical spinal disorder 
in rheumatoid arthritis (RA), having 
been observed in 19%–70% of patients 
in various studies (1). AAS results 
from laxity of the primary and second-
ary ligamentous restraints (2). Severe 
subluxation may cause compression of 
the brain stem or spinal cord leading 
to myelopathy and, in the worst cases, 
even sudden death or quadriplegia (3-
6). Therefore, certain RA patients with 
AAS undergo atlantoaxial spinal fusion 
(AASF) in order to prevent these irre-
versible neurologic deficits and avoid 
sudden death. 
Although AASF in RA patients is a 
well-known procedure, RA patients un-
dergoing AASF are not large in number. 
In fact, to our knowledge, there is only 
one study, which reported more than 
100 such cases. Ohya et al. (7) exam-
ined in-hospital postoperative major 
complications and mortality in 465 RA 
patients undergoing AASF for AAS us-
ing the Japanese Diagnosis Procedure 
Combination database. Thus, informa-
tion regarding AASF in RA patients is 
still limited. 
The purpose of this study is to provide 
detailed demographic and outcome 
trend analysis of elective AASF in RA 
patients, using population-based na-
tional hospital discharge data collected 
from the Nationwide Inpatient Sample 
(NIS) during the last decade. In this re-
port, the data on AASF in RA patients 
were compared with those on total hip 
arthroplasty (THA) and total knee ar-
throplasty (TKA) in RA patients, which 
are other major orthopaedic surgeries in 
RA patients.

Methods
Data source
The NIS is the largest all-payer inpa-
tient care database in the US and con-
tains data from approximately 8 million 
hospital stays from 1,000 hospitals each 
year. These data comprise a 20% strati-
fied sample of all US community hospi-
tals (8). Each entry in the database rep-
resents a single hospitalisation record. 
Records in the NIS database include 
discharge and hospital information, 
which was used to generate national 

estimates in this analysis. The Nation-
wide Inpatient Sample is publicly avail-
able and contains no personal identify-
ing information; therefore, this study 
was exempt from institutional review 
board approval.

Patient selection
Our study samples were retrospec-
tively obtained from the NIS between 
2000 and 2009, using codes from the 
International Classification of Diseas-
es, 9th revision, Clinical Modification 
(ICD-9-CM). Patients aged ≥18 who 
had a diagnosis of RA  (714.0, 714.1, 
714.2) and underwent AASF (81.01) 
were included in this study. Patients 
aged ≥18 who had a diagnosis of RA  
(714.0, 714.1, 714.2) and underwent 
primary THA (81.51), and primary 
TKA (81.54) were also extracted to 
compare with RA patients who under-
went AASF. Only patients undergoing 
elective admission (inpatient admis-
sion type code 3) were included in this 
study in order to exclude confounding 
cases such as fractures. 

Patient- and healthcare system-related 
characteristics and patient outcomes 
Patient age, gender, race, comorbidi-
ties, hospital size, hospital teaching sta-
tus, hospital region, payer information, 
complications, mortality, and disposi-
tion of patients were extracted from the 
NIS. Patients were categorised into the 
following four groups according to age: 
“18–44 years,” “45–64 years,” “65–84 
years,” and “older than 84 years.” Pa-
tients were also categorised according 
to race as “white,” “black,” “Hispanic,” 
“others,” and “not stated.” Comorbid-
ity was assessed using the Elixhauser 
method, which is a well-established 
technique for identifying comorbidi-
ties from administrative databases (9). 
Elixhauser comorbidity index includes 
a set of 30 medical comorbidities. Total 
comorbidity score was determined for 
each case by adding 1 point per comor-
bidity. Hospital size (bed number) was 
categorised into “small,” “medium,” 
and “large”, while hospital teaching sta-
tus was categorised into “nonteaching” 
and “teaching.” Hospital census re-
gion was categorised into “Northeast,” 
“Midwest,” “South,” and “West”, and 
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the payer information was categorised 
into “Medicare,” “Medicaid,” “pri-
vate,” and “others.” In-hospital compli-
cations were obtained using the follow-
ing ICD-9-CM codes: neurologic com-
plications (997.00–997.09); respiratory 
complications (518.4, 518.5 518.81–
518.84, 997.3); cardiac complications 
(410, 997.1); gastrointestinal complica-
tions (535.0, 570, 575.0, 577.0, 997.4); 
urinary and renal complications (584, 
997.5); pulmonary embolism (415.1); 
wound-related complications including 
infection, dehiscence, seroma, and hae-
matoma (998.1, 998.3, 998.5, 998.83, 
999.3). 4-digit and 5-digit codes were 
included under the respective 3-digit 
and 4-digit codes. Disposition of pa-
tients was categorised into “routine,” 
“transfer to short-term hospital,” “other 
transfers,” “home health care,” “died in 
hospital,” and “other.” Other transfers 
include skilled nursing facility, inter-
mediate care, or another type of facility.

Data analysis
To calculate national estimates using 
the NIS, discharge weights supplied 
by the Federal Agency for Healthcare 
Research and Quality (AHRQ) were 
applied. Categorical patient data were 
retrieved. We obtained the US popula-
tion data between 2000 and 2009 from 
the US Census Bureau Web site (10). A 
linear regression model was applied to 
analyse the time trend. The t-test was 
used to compare the means of continu-
ous variables between the 2 groups. 
Characteristics between the 2 groups 
were assessed using χ2 tests for equality 
of proportion or Fisher’s exact test. Sta-
tistical analyses were performed with R 
v. 2.15.1 (Free Software Foundation’s 
GNU General Public License). Because 
of the large sample size, a p-value of 
0.001 was used to define significant dif-
ferences. 

Results
From 2000 to 2009, a total of 1,460 
hospitalisations associated with RA 
patients aged ≥18 undergoing elective 
AASF were recorded. Table I provides 
detailed information on patient and 
health care system-related character-
istics of RA patients undergoing elec-
tive AASF, THA, and TKA. During 

that period, the incidence per 100,000 
was 0.05 for AASF, 1.72 for THA, and 
4.10 for TKA. The average age was 
63.2 years for AASF, 63.4 years for 
THA, and 64.3 years for TKA. There 
was no clinical difference in comor-
bidities between RA patients undergo-
ing AASF and THA (Elixhauser score: 
2.44 vs. 2.54, p=0.004), while patients 
undergoing AASF had fewer comor-
bidities compared to those undergoing 
TKA (Elixhauser score: 2.44 vs. 2.72, 
p<0.001). The procedure was per-
formed in teaching hospitals at a rate 

of 77.7% for AASF, 51.0% for THA, 
and 45.7% for TKA.
The number of RA patients who un-
derwent AASF remained stable over 
time, from 138 in 2000 to 133 in 2009 
(p=0.690, Table II). The population 
growth–adjusted rate also remained 
stable over time, from 0.049 per 
100,000 in 2000 to 0.043 per 100,000 
in 2009 (p=0.309, Table II).
The in-hospital complication rates of 
RA patients undergoing AASF was 
0.0% for neurological, 5.3% for res-
piratory, 2.1% for cardiac, 0.7% for 

Table I. Patient demographics and hospital characteristics of RA patients ≥18 who under-
went elective AASF, THA, and TKA in the United States between 2000 and 2009.

			   AASF			   THA			   TKA
Total number of cases		  1460			   50689			   121349
Mean age (yr) (SD)		 63.2 (12.0)			   63.4 (13.1)			   64.3 (11.2)

 	 	  WF		  %	 WF		  %	 WF		  %

Age						    
	 18-44	 108	 7.4	 4345	 8.6	 5506	 4.5
	 45-64	 693	 47.5	 20550	 40.5	 53370	 44.0
	 65-84	 645	 44.2	 24630	 48.6	 60398	 49.8
	 ≥85	 15	 1.0	 1164	 2.3	 2075	 1.7
Gender						    
	 Male	 309	 21.2	 12620	 24.9	 26144	 21.5
	 Female	 1151	 78.8	 38069	 75.1	 95200	 78.5
Race						    
	 White	 821	 56.2	 29919	 59.0	 70710	 58.3
	 Black	 113	 7.7	 3331	 6.6	 8976	 7.4
	 Hispanic	 84	 5.8	 2085	 4.1	 4841	 4.0
	 Others	 52	 3.6	 1125	 2.2	 3154	 2.6
	 Not stated	 638	 43.7	 14229	 28.1	 33668	 27.7
Elixhauser Comorbidity Score						    
	 0	 366	 25.1	 11422	 22.5	 21402	 17.6
	 1	 487	 33.4	 16153	 31.9	 37581	 31.0
	 2	 366	 25.1	 12820	 25.3	 32057	 26.4
	 3	 161	 11.0	 6538	 12.9	 18660	 15.4
	 4 or more	 79	 5.4	 3756	 7.4	 11649	 9.6
Hospital size						    
	 Small	 144	 9.9	 6500	 12.8	 17032	 14.0
	 Medium	 310	 21.2	 12240	 24.1	 29878	 24.6
	 Large	 1005	 68.8	 31838	 62.8	 74033	 61.0
	 No information	 1	 0.1	 111	 0.2	 406	 0.3
Hospital teaching status						    
	 Non-teaching	 328	 22.5	 24742	 48.8	 65546	 54.0
	 Teaching	 1134	 77.7	 25837	 51.0	 55397	 45.7
	 No information	 0	 0.0	 110	 0.2	 406	 0.3
Hospital region						    
	 Northeast	 291	 19.9	 11329	 22.4	 23097	 19.0
	 Midwest	 343	 23.5	 14220	 28.1	 35474	 29.2
	 South	 572	 39.2	 19353	 38.2	 49822	 41.1
	 West	 254	 17.4	 5787	 11.4	 12955	 10.7
Payer information						    
	 Medicare	 864	 59.2	 29015	 57.2	 70151	 57.8
	 Medicaid	 58	 4.0	 2415	 4.8	 4948	 4.1
	 Private	 471	 32.3	 17793	 35.1	 42751	 35.2
 	 Others	 66	 4.5	 1397	 2.8	 3338	 2.8

RA: rheumatoid arthritis; AASF: atlantoaxial spinal fusion; THA: total hip arthroplasty; TKA: total 
knee arthroplasty; yr : year; SD: standard deviation; WF: weighted frequency.
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gastrointestinal, 0.7% for urinary and 
renal, 0.7% for pulmonary embolism, 
1.4% for wound-related, and 10.9% 
for overall complications (Table III). 
The overall in-hospital complication 
rate of AASF was more than twice 
that of THA and TKA (THA: 4.8%, 
TKA: 4.9%) (AASF vs. THA, AASF 
vs. TKA, p<0.001, respectively). The 
in-hospital mortality rate was 1.1% for 
AASF, 0.1% for THA, and 0.1% for 
TKA (AASF vs. THA, AASF vs. TKA, 
p<0.001, respectively). 
The mean length of hospital stay was 
5.0 days for AASF, 3.9 days for THA, 
and 3.8 days for TKA (Table III). The 
proportion of patients who were rou-
tinely discharged was 54.9% for AASF, 
21.2% for THA, and 22.6% for TKA.

Discussion
This study revealed that the incidence of 
elective AASF in RA patients remained 
stable during the last decade, although 
drug treatment for RA has improved 

markedly. The diversity of therapeutic 
approaches has increased, with a wide 
range of options for effective treatment 
of individual patients (11). Several ran-
domised controlled trials have shown 
that treatment with disease-modifying 
anti-rheumatic drugs (DMARDs), corti-
costeroids, and biological agents early 
in the course of the disease can retard 
progression of the disease, reduce joint 
destruction, and improve functional 
ability and health-related quality of life 
(12). In addition, several studies have 
demonstrated declining trends of or-
thopedic surgery (13-15) and decreased 
prevalence of cervical involvement in 
patients with RA (1, 16, 17). Recently, 
Stein et al. (18) reported that the inci-
dence of AASF in RA patients signifi-
cantly decreased from 1992 to 2008 
using the NIS database, although they 
included non-elective cases such as 
trauma. In contrast, our study revealed 
that the incidence of elective AASF in 
RA patients remained stable between 

2000 and 2009, and biologics, the new-
est class of RA drugs, have been used 
since 1998. Thus, even though conven-
tional DMARDs may have been shown 
to decrease the incidence of AASF in 
RA patients (18), our results may sug-
gest that the advent of biologics was 
not likely to further decrease the inci-
dence of AASF in RA patients. On the 
other hand, recent studies have shown 
low rates of RA patients being treated 
with biologics (19-21). In accordance 
with this, patients in this study popula-
tion may have a low prevalence of bio-
logical DMARD use.
This study found that the incidence of 
AASF was 0.05 per 100,000 and was 
much lower than that of THA and TKA, 
respectively. AAS is the most frequent 
cervical spinal disorder in RA, having 
been observed in 19%–70% of patients 
in various studies (1). In addition, pre-
vious studies reported 35%–61% prev-
alence of cervical spinal instability in 
RA patients who had undergone THA 
or TKA (22-25). Thus, although a high 
percentage of RA patients undergoing 
THA or TKA may be diagnosed with 
AAS, most patients do not undergo 
AASF. The possible reasons for this 
include the limited number of symp-
tomatic RA patients arising from AAS 
and the technically demanding surgery 
of AASF. Our results may also indi-
cate that symptomatic RA patients with 
AAS are not common.
van Eijk et al. (26) reported that RA 
patients with cervical spine involve-
ment tend to have more severe disease 
than those in whom the cervical spine 
was not affected. However, this study 
showed the mean Elixhauser comorbid-
ity score was similar between RA pa-
tients undergoing AASF and THA, and 
was significantly lower in RA patients 
undergoing AASF compared to those 
undergoing TKA (p<0.001). This result 
may suggest that RA patients with an 

Table II. Number and population-adjusted incidence of RA patients ≥18 who underwent elective AASF in the United States between 2000 
and 2009.

 	  2000	 2001	 2002	 2003	 2004	 2005	 2006	 2007	 2008	 2009	 p-value

Total number of cases	 138	 164	 129	 176	 147	 122	 155	 137	 158	 133	 0.690
Per 100,000	 0.049	 0.058	 0.045	 0.061	 0.050	 0.041	 0.052	 0.045	 0.052	 0.043	 0.309

RA: rheumatoid arthritis; AASF: atlantoaxial spinal fusion.

Table III. In-hospital outcomes of RA patients ≥18 who underwent elective AASF, THA, 
and TKA in the United States between 2000 and 2009.

			   AASF			   THA			   TKA
Mean length of stay (SD)		 5.0 (4.7)			  3.9 (1.9)			 3.8 (1.7)

 	 	  WF		  %	 WF		  %	 WF		  %

Complications						    
	 Neurologic	 0	 0.0	 44	 0.1	 45	 0.0
	 Respiratory	 78	 5.3	 387	 0.8	 1126	 0.9
	 Cardiac	 31	 2.1	 387	 0.8	 1111	 0.9
	 Gastrointestinal	 10	 0.7	 310	 0.6	 566	 0.5
	 Urinary and renal	 10	 0.7	 551	 1.1	 1198	 1.0
	 Pulmonary embolism	 10	 0.7	 87	 0.2	 443	 0.4
	 Wound-related complications	 20	 1.4	 688	 1.4	 1471	 1.2
	 Overall complications	 159	 10.9	 2454	 4.8	 5960	 4.9

Disposition status						    
	 Routine 	 801	 54.9	 10761	 21.2	 27410	 22.6
	 Transfer to short-term hospital 	 29	 2.0	 444	 0.9	 1081	 0.9
	 Other transfers	 383	 26.2	 24496	 48.3	 54507	 44.9
	 Home health care 	 232	 15.9	 14712	 29.0	 37676	 31.0
	 Died in hospital 	 16	 1.1	 27	 0.1	 91	 0.1
 	 Other 	 1	 0.1	 10	 0.0	 25	 0.0

RA: rheumatoid arthritis; AASF: atlantoaxial spinal fusion; THA: total hip arthroplasty; TKA: total 
knee arthroplasty; yr: year; SD: standard deviation; WF: weighted frequency



1049

Trends and outcomes in RA patients undergoing AASF surgery / H. Yoshihara et al.

adequate overall health status were se-
lectively chosen to undergo AASF. 
The overall in-hospital complication 
rate of AASF in RA patients in our 
study was 10.9%. Ohya et al. (7) ex-
amined in-hospital postoperative major 
complications in RA patients undergo-
ing AASF using the Japanese Diagnosis 
Procedure Combination database and 
reported that 6.5% of RA patients had 
at least 1 major complication. It is diffi-
cult to compare the two studies because 
the criteria for complications are differ-
ent. Interestingly, the highest rate com-
plication was respiratory complication 
(5.3%) in our study and, in contrast, it 
was surgical-site infection (3.2%) in 
their study. We do not have a clear ex-
planation for this. However, based on 
our results, postoperative respiratory 
management is particularly important 
in the US population. The in-hospital 
mortality rate of our study was 1.1%. 
Ohya et al. (7) reported a similar rate 
of 0.9%. 
Despite these relatively high morbidity 
and mortality rates, the benefits offered 
by AASF may delay the unfavorable 
course of cervical myelopathy in RA 
patients (27, 28). Matsunaga et al. (29) 
compared the survival rates for RA pa-
tients with symptomatic AAS undergo-
ing laminectomy and occiptocervical 
fusion to those managed conservatively. 
None of the 21 patients managed con-
servatively lived past eight years while 
the 5- and 10-year survival rates for 
the 19 patients who underwent surgery 
were 84% and 37%, respectively. Wolfs 
et al. (28) performed a systematic re-
view of neurologic outcomes of surgi-
cal and conservative treatments of AAS 
in RA patients and demonstrated that 
outcomes were better in operative cases 
compared to conservative treatment in 
patients with prior neurologic deficits.
In this study, we can compare in-hospi-
tal outcomes of AASF, THA, and TKA, 
which are three major orthopaedic 
surgeries for RA patients. The overall 
in-hospital complication and mortal-
ity rates of AASF in RA patients were 
more than two times and more than 10 
times higher than that of THA and TKA 
in RA patients, respectively. RA pa-
tients need to know this increased risk 
when undergoing AASF. This differ-

ence in complications is mainly due to 
the respiratory complication rate. This 
fact also emphasises the importance of 
respiratory care after AASF. Interest-
ingly, 77.7% of AASF, 51.0% of THA, 
and 45.7% of TKA were performed in 
teaching hospitals. This may suggest 
that AASF requires specialised set-
tings. Mean length of hospital stay of 
AASF was about one day longer than 
that of THA and TKA; however, the 
proportion of patients who were rou-
tinely discharged was 54.9% for AASF, 
21.2% for THA, and 22.6% for TKA. 
Thus, RA patients following AASF are 
physically more stable compared to 
those following THA and TKA. This 
difference may be due to the fact that 
patients undergoing AASF have no 
lower extremity surgery, which may 
hamper mobilisation.  
Our study is limited by several factors 
inherent to a retrospective analysis of a 
large administrative database. Data en-
try may be subject to an element of cod-
ing or reporting bias; however, report-
ing should not vary substantially over 
time within the database. The accuracy 
of RA diagnoses within administrative 
databases has been controversial. The 
severity of AAS is not recorded in the 
database. Our data are limited to in-
hospital events and the adverse events 
may be underestimating the true inci-
dence. Additionally, we were unable to 
report the percentage of patients treated 
with biologic response modifiers or 
DMARD therapy. Despite these limita-
tions, this study includes a large num-
ber of cases of RA patients undergoing 
AASF surgery and we believe that the 
presented data give valuable informa-
tion on demographic and in-hospital 
outcome trends associated with elective 
AASF in RA patients in the US during 
the last decade.

Conclusion
In this study, the incidence of elective 
AASF in RA patients remained stable 
during the last decade. In-hospital mor-
bidity and mortality rates of AASF in 
RA patients were higher than those of 
other major orthopaedic surgeries in 
RA patients. Respiratory management 
is particularly important after AASF in 
RA patients.
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