Original Study

L))

Check for
updat

Surgical management of spinal fractures in ankylosing spondylitis

Etka Kurucan, David N. Bernstein, Addisu Mesfin

Department of Orthopaedic Surgery, University of Rochester, Rochester, NY, USA

Contributions: (I) Conception and design: DN Bernstein, A Mesfin; (II) Administrative support: A Mesfin; (III) Provision of study materials or

patients: A Mesfin; (IV) Collection and assembly of data: E Kurucan; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All

authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Addisu Mesfin, MD. Associate Professor, Department of Orthopaedic Surgery, University of Rochester, 601 Elmwood Ave,

Box 665, Rochester, NY 14642, USA. Email: amesfin@gmail.com.

Background: Ankylosing spondylitis (AS) is a rheumatologic condition that affects the axial skeleton.
Structural changes render the spine susceptible to fractures, which can be treated operatively or non-
operatively. The preferred surgical approach is not well established. The objective of this study is to evaluate
trends in the surgical treatment of AS patients with cervical and thoracolumbar spine fractures.

Methods: Using the nationwide inpatient sample (INIS) database, we identified 961 (4,683 weighted) AS
patients from 2003 to 2014 who had fusion surgery for vertebral fractures. Our primary outcome was the
national trend in use of posterior (PSF), anterior posterior (APSF), and anterior fusion (ASF) surgeries. In
addition, we examined patient demographics, complications, institutional characteristics, and hospitalization
lengths and costs.

Results: The number of fusions performed in AS patients with fractures increased significantly (P<0.01).
The proportion of cervical fractures receiving fusions stayed consistent, whereas that of thoracolumbar
fractures increased significantly (P<0.01). Patients undergoing APSF had higher hospitalization lengths
in cervical and thoracolumbar fractures (P<0.01). There was significant association between pulmonary
complications and cervical fusions (P<0.01).

Conclusions: Surgical treatment has been growing in popularity for thoracolumbar fractures but staying
consistent for cervical fractures in AS patients. Surgical approach has shifted for cervical fractures with APSF
transitioning from most to least popular approach from 2003 to 2014. For thoracolumbar fractures, PSF has
remained the preferred approach. APSF had significantly higher pulmonary complication rates with cervical
fractures. This finding can help surgeons in treating fractures in AS patients with underlying pulmonary

disease.
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Introduction

Ankylosing spondylitis (AS) is an inflammatory
rheumatologic condition that predominantly affects the
axial skeleton (1). It has a prevalence of 0.1% to 1.4%
and is twice more common in males than females (2).
The widespread inflammation leads to structural changes
and formation of syndesmophytes, which fuse vertebral
segments (3,4). The resulting spinal immobility of the
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ankylosed spine, along with the low bone mineral density
associated with the disease, renders the spine susceptible to
fractures (5,6).

Most reported vertebral fractures in AS patients occur in
the subaxial cervical spine and the thoracolumbar spine (7-9).
Treatment for vertebral fractures in AS patients has shifted
towards surgical intervention with the advent of modern
spinal instrumentation. However, surgical intervention can
still be controversial in certain cases. Since patients with
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AS have an increased risk for pulmonary complications
and cardiac conduction disturbances (10-12), they present
with a higher predisposition to perioperative morbidity and
mortality. Non-operative treatment, which includes bed rest,
traction, and immobilization/bracing, used to be the standard
treatment (13). However, nonoperative management of these
vertebral fractures in AS patients can often lead to poor
fracture healing, resulting in pseudarthrosis (14). Recent
studies report that patients undergoing surgical treatment
have better clinical outcomes (7,15).

Spinal fusion approaches for vertebral fractures in AS
patients depend on the location of the fracture and can
include posterior spinal fusion (PSF), anterior-posterior
spinal fusion (APSF), and anterior spinal fusion (ASF).
With the advent of new instrumentation and techniques,
trends in the use of these approaches have changed. To our
knowledge, no study has examined the national trends in
the use of spinal fusion surgery for vertebral fractures in AS
patients. The objective of this study is to evaluate trends
in the surgical treatment of AS patients with cervical and
thoracolumbar spine fractures between 2003 and 2014.

Methods
Data source

We queried the NIS database for the years 2003 to 2014.
The NIS is the largest publicly available database in the
United States. It contains an approximate 20% sample of
hospital inpatient admissions. Data for each hospitalization
includes diagnoses and procedures, patient demographics,
institutional characteristics, lengths of stay, charges, and
outcomes (16). In addition to these data, sampling weights
are also supplied by the NIS which allows for calculation of
national estimates. This study is exempt from institutional
review board approval because the NIS database is publicly
available.

Patient population

International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9) diagnostic and procedure
codes were used to identify the patient population of
interest. We identified all patients from 2003 to 2014 with a
diagnosis of AS (ICD-9 72.00). The records of these patients
were then queried for cervical fractures using ICD-9
diagnostic codes 805.00 to 805.08 and 806.00 to 806.09;
patients with thoracolumbar fractures were identified
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using ICD-9 diagnostic codes 805.2, 805.4, 806.2, 806.20
to 806.29, and 80.64. These patients’ records were then
queried for cervical, thoracolumbar, and lumbosacral fusion.
Patients who underwent PSF were identified using the
ICD-9 procedural codes 81.03, 81.05, 81.07, and 81.08;
patients who underwent ASF were identified using the ASF
codes 81.02, 81.04, and 81.06; and patients who underwent
APSF were identified using at least one of each of the PSF
and ASF codes.

We identified 961 patients with a diagnosis of AS
who received spinal fusion surgeries for cervical or
thoracolumbar vertebral fractures during the study period.
After utilizing the NIS discharge weights, 4,683 admissions
were estimated. The database was then used to query for
patient demographics, hospital location (urban/rural),
geographic region (Northeast/Midwest/South/West),

length of stay, and total hospitalization costs.

Outcome measures

Operative characteristics that were evaluated included
surgical approach (PSFE, APSF, and ASF). Major in-hospital
complications, defined as those requiring a return to the
operating room or having potentially long-term sequelae,
included: neurological, cervical-spine related, pulmonary,
cardiac, thromboembolic, renal, infectious, implant-
related, and incidental durotomies. We also evaluated in-
patient mortality rates and the use of blood transfusions
(ICD-9 99.04).

Statistical methods

The associations between surgical approach and
complications, patient sex, patient, race, and hospital
characterizations were analyzed using Pearson chi-squared
tests. Analysis of variance model was used in the comparison
of age, length of stay, and total hospitalization costs
between the three surgical approaches. Significance was

set at P<0.05. All calculations were performed using Stata
13.1 (StataCorp., College Station, TX, USA).

Results
Population demographics

The patient population’s mean age was 67.4 (SD, 13.5)
with all of the patients older than 18 years of age. Females
accounted for 12.3% of all patients. Within the patient

7 Spine Surg 2018;4(3):501-508



Journal of Spine Surgery, Vol 4, No 3 September 2018

n

8 800 e— TOta

©

8 700 Cervical

c

g 600 ® e eee Thoracolumbar
=]

© 500

2

g 400

=

& 300

o

7

5 200

3 100 cennenet’
[ *testacnnset”’

2 0

503

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

Figure 1 From 2003 to 2014, there was a significant increase in the number of AS patients undergoing spinal fusion surgery for vertebral.
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Figure 2 From 2003 to 2014, the percentage of fractures receiving fusion increased significantly for thoracolumbar fractures.

population, 80.3% were white, 5.2% were black, 7.0% were
Hispanic, 3.6% were Asian or Pacific Islander, 1% were
Native American, and 3% were unclassified.

Tirends in spinal fusion

The number of spinal fusion surgeries performed in AS
patients who experienced fractures increased significantly
(P<0.01) over the study period (Figure I).

The proportion of cervical fractures receiving fusions
stayed consistent (Figure 2). However, there was a shift in
the surgical approaches for cervical fractures. The number
of PSF surgeries in cervical fractures increased 4.0-fold
and the number of ASF surgeries increased 3.8-fold. While
APSF was most popular in 2003 (55.6%), it was least
popular in 2014 (21.7%) (Figure 3).

© Journal of Spine Surgery. All rights reserved.

The proportion of thoracolumbar fractures receiving
fusions increased significantly (P<0.01) from 2003 to 2014
(Figure 2). Moreover, the percentage of PSF surgeries with
thoracolumbar fractures increased significantly (P=0.01),
with PSF accounting for 84.6% of the surgeries in 2003 and
95.7% in 2014 (Figure 4).

Institutional characteristics and approach

For the cervical group, there was a significant association
between hospital location and approach (P=0.03); 1.8% of
PSE, 1.1% of APSE, 7.8% of ASF surgeries were performed
in rural hospitals.

In the cervical group, all three approaches were more
popular in hospitals located in the South: 41.7% of PSEF,
41.2% of APSF, and 46.8% of ASF surgeries. In the
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Figure 3 National trends in surgical fusion for cervical fractures. PSE, posterior spinal fusion; ASE, anterior spinal fusion; APSE, anterior-

posterior spinal fusion.
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Figure 4 National trends in surgical fusion for thoracolumbar fractures. PSF, posterior spinal fusion; ASE, anterior spinal fusion; APSE,

anterior-posterior spinal fusion.

thoracolumbar group, most of the PSF (35.8%) and APSF
(57.1%) surgeries were performed in the South while

most (42.9%) of the ASF surgeries were performed in the
Midwest.

Total bospitalization costs, length of stay, and approach

In the cervical group, there was a significant association
between surgical approach and total charges (P<0.01):
$202,199 for PSFE, $245,044 for APSF, and $138,811 for
ASF surgery. There was also a significant difference in
length of stay by approach (P<0.01): 12.2 days for PSEF,
17 days for APSEF, and 10.3 days for ASFE.

For the thoracolumbar group, there was no significant
association between approach and total charges. However,
there was a significant difference in length of stay by
approach (P<0.01): 11.4 days for PSE, 16.8 days for APSE,
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and 13.9 days for ASFE.

Complications, transfusions, and approach

There was a significant association between pulmonary
complications (respiratory failure, pneumonia, iatrogenic
pneumothorax) and surgical approach in both the cervical
(P=0.01) and thoracolumbar (P<0.01) groups (Zables 1,2).

Blood transfusions were more common in PSF (22.6%)
and APSF (18.3%) than in ASF (7.6%) in the cervical group
(P<0.01).

The in-patient mortality rates were higher in patients
with cervical fractures (7.1% in PSF, 9.9% in APSF,
13.7% in ASF) than with thoracolumbar fractures (4.1%
in PSE, 10.7% in APSF, 0% in ASF); however, there was
no statistically significant difference between the surgical
approaches (Tables 1,2).
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Table 1 In-hospital complication rates and blood transfusions by

surgical approach for cervical fractures

Post-surgical issue PSF APSF ASF P
(%) (%) (%) value
Cervical complications
Pulmonary 30 45 35.5 0.01
Cervical spine-related 11.3 17.56 17.7 0.12
uTl 12.8 6.1 9.7 0.12
Implant-related 2.3 6.1 3.2 0.14
Thromboembolic 3.8 7.6 4 0.23
Cardiac 13.2 10.7 8.1 0.32
Infectious 5.3 3.8 7.3 0.49
Neurological 0.38 0.76 0.81 0.62
Renal 7.9 9.2 7.3 0.85
Incidental durotomy 0.75 0 0 0.99
Died 71 9.9 13.7 0.11
Total complications 50.4 58 53.2 0.36
Blood transfusion 22.6 18.3 7.6 <0.01

UTI, urinary tract infection; PSF, posterior spinal fusion; ASF,
anterior spinal fusion; APSF, anterior-posterior spinal fusion.

Table 2 In-hospital complication rates and blood transfusions by

surgical approach for thoracolumbar fractures

Post-surgical issue PSF APSF ASF P
(%) (%) (%) value
Thoracolumbar complications
Pulmonary 22.2 53.6 42.9 <0.01
Cervical spine-related 3.7 10.7 14.3 0.07
Infectious 4.8 71 14.3 0.25
Implant-related 2.3 7.1 0 0.3
Thromboembolic 3.4 7.1 0 0.44
UTI 13.7 7.1 0 0.54
Neurological 1.8 0 0 0.99
Cardiac 16.2 14.3 14.3 0.99
Renal 13.5 10.7 14.3 0.99
Incidental durotomy 21 0 0 0.99
Died 4.1 10.7 0 0.27
Total complications 49.5 71.4 571 0.06
Blood transfusion 28.1 214 14.3 0.67

UTI, urinary tract infection; PSF, posterior spinal fusion; ASF,
anterior spinal fusion; APSF, anterior-posterior spinal fusion.
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Discussion

While the difference between operative and non-operative
management of vertebral fractures in AS patients has been
well-studied, differences in surgical approaches within
operative treatment have not. In this study, we analyzed
national trends in the use of spinal fusion surgery for the
surgical treatment of AS from 2003 to 2014. Our results
show that operative treatment is being increasingly used for
thoracolumbar fractures but staying consistent for cervical
fractures.

Several studies have been published on the management
of spinal fractures in patients with AS (7,17-19). Spinal
fractures in AS patients are associated with higher rates of
neurologic damage in contrast to those in patients with non-
ankylosed spinal fractures (20-22). Non-operative treatment
includes bed rest, roto-rest bed, and immobilization with a
brace or halo vest and surgical treatment includes posterior
fixation, anterior fixation, or anterior-posterior fixation (7).
Though treatment recommendations have been shifting
over the years, prior studies (23) and more recent studies (24)
agree that if progressive neurologic deficits are observed,
surgery is indicated. Minimally invasive techniques in
combination with or without decompression are also being
increasingly used (25-28).

In AS patients, cervical fractures are observed more
frequently than thoracolumbar fractures. In an analysis of
published case series, Westerveld et 4/. note that 77.5% of
fractures were located in the subaxial cervical spine (7). In
a more recent NIS database study spanning 2005 to 2011,
Lukasiewicz et al. (29) reported 53% of fractures to be
in the cervical spine, 41.9% in the thoracic spine, 18.2%
in the lumbar spine, and 1.5% in the sacrum. Our data is
consistent with the latter study with 47.4% of fractures in
the cervical spine, 37.5% in the thoracic spine, 13.7% in the
lumbar spine, and 1.4% in the sacrum.

Historically, the standard protocol for cervical fractures
in AS patients used to be non-operative treatment (13,23).
However, treatment with traction and immobilization
is fraught with difficulty due to the underlying kyphotic
deformity often observed in these patients. It has even been
proposed that patients be immobilized in the kyphotic
position to avoid harmful extension which could result in
the progression of neurologic deficits (30). In a 1981 study,
Murray et al. reported a mortality rate of 45% for surgically
treated patients and 29% for non-operatively managed
patients. Not only did these numbers shift over the years,
but also the prevalence of surgical approaches changed. In a
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1996 study of 31 patients, Olerud et 4l. reccommended APSF
for cervical fractures in AS (9). In a more recent study,
Kouyoumdjian et 4. proposed that ASF alone is sufficient
for cervical spine fractures in AS patients (31). ASF has the
added benefit of shorter operating time which can improve
intra- and post-operative complications. However, operative
treatment for cervical fractures is associated with a high risk
of mortality. In a recent retrospective study, Schoenfeld ez /.
reported that AS patients with cervical spine fractures had a
significantly increased risk of mortality compared with age-
and sex-matched controls at 3 months and at 1 and 2 years
after the fracture (32).

Nonoperative treatment was also the standard approach
for treating thoracolumbar fractures in AS (17). However,
more recent studies recommend early surgical treatment
as it results in more favorable outcomes with lower rates
of pseudarthrosis and neurologic deficits (7,14,15). In a
recent retrospective study of 28 AS patients being treated
for thoracolumbar spine fractures, Lu ez a/. (33) reported
that surgically treated patients provided solid fusion and
neurological improvement in contrast to non-operatively
treated patients who often presented with pseudarthrosis
and progressive neurologic deficits. For thoracolumbar
fractures, PSF of at least three levels above and below the
fracture are recommended by several authors (15,34). In
treating 13 thoracolumbar fractures in AS patients, Sapkas
et al. exclusively used PSF and solid fusion was achieved
in all of them (22). The authors note that this approach
is preferred to reduce the possibility of complications, as
these patients already have cardiovascular and pulmonary
disorders due to their underlying AS.

Minimally invasive approaches are also being utilized
more frequently in the treatment of spinal fractures in AS.
Minimally invasive stabilization is an alternative to open
reduction given the older age, higher rate of comorbidities,
and greater surgical risk of AS patients. In the first case
series of ankylosing spinal disorder patients with either
AS or diffuse idiopathic skeletal hyperostosis (DISH)
being treated with minimally invasive techniques, Kriiger
et al. (26) reported improved patient outcomes with closed
reduction and percutaneous dorsal instrumentation.
The authors argue that the benefits of the percutaneous
approach, including reduced intraoperative complications
and operating times, are very advantageous considering
the patient cohort. In a similar case series of 11 ankylosing
spinal disorder patients, 9 with AS and 2 with DISH,
Nayak et 4/. (28) employed minimally invasive surgeries
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to stabilize hyperextension thoracolumbar injuries in a
cohort of patients with an average age of 77 and multiple
comorbidities. The authors reported no instrumentation
failures or nonunions that required revision surgeries. They
concluded that percutaneous dorsal instrumentation for
these fractures are associated with limited disability and
higher health utility according to the patients’ postoperative
Oswestry Disability Index and EuroQol-5D scores.

In this study, we have shown a significant increase in the
total number of spinal fusions for the treatment of vertebral
fractures in AS patients from 2003 to 2014. We have
also demonstrated that the percentage of thoracolumbar
fractures being treated surgically has increased significantly
from 28.3% to 48.4%. The increased popularity of surgical
treatment for thoracolumbar fractures is most likely due
to improvement in surgical implants and techniques which
allow a safer alternative to non-operative treatment options.
Posterior long segments with pedicle screw constructs are
preferred and provide favorable outcomes (33). This is in
agreement with our results, which demonstrate a significant
increase (84.6% in 2003 and 95.7% in 2014) in the use
of PSF for thoracolumbar fractures (Figure 4). Moreover,
newer minimally invasive pedicle screw instrumentation
allows higher risk patients to undergo surgery without
concerns of large soft tissue dissection.

Fractures in the cervical spine have greater variability with
respect to surgical approach. The treatment is also rendered
more controversial due to the higher mortality rate associated
with these injuries. This is in part due to the presence of
preexisting deformities such as kyphosis. Thus, for the cervical
spine, the location and presence of deformity need to be
carefully considered when choosing a treatment option. Werner
et al. (34) recommend that PSF or APSF should be used
because ASF is associated with higher failure rates. However,
our results indicate that ASF is still relatively popular. While
APSF (55.6%) was most frequently used in 2003, PSF (46.7%)
and ASF (31.7%) were more popular in 2014. These numbers
corroborate the notion that treating the cervical fractures is
more individualistic, depending on the location and underlying
deformity. In the senior author’s practice, there have been
instances in which AS patients with cervical spine fractures
were unable to tolerate prone positioning due to cardiac or
pulmonary comorbidities. In such cases, an anterior cervical
fusion can be performed with concurrent cervical collar and
bed rest with bathroom privileges.

With regard to differences among the three surgical
approaches, we found significant differences in both
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the cervical and thoracolumbar groups. There was a
significant association between hospital location and
approach in the cervical group. There was also a significant
association between total charges and length of stay in the
cervical group with APSF having higher total costs and
hospitalization lengths. In the thoracolumbar group, APSF
had significantly higher hospitalization length but not
total costs. This finding is in agreement with the intrinsic
difference between APSF and the other approaches, in that
APSF is a more extensive multi-operation procedure.

A higher prevalence of pulmonary disease is often seen
in AS patients due to restrictive ankylosis of the thoracic
cage (10,11). Extra-articular involvement of the lungs
can be seen even in asymptomatic patients (35). Our
complications results confirm this pulmonary component of
AS. In addition, we found a significant association between
surgical approach and pulmonary complications in both
cervical and thoracolumbar fractures in which the highest
rate of pulmonary complications is seen in APSF. This is
a significant finding that may assist surgeons in choosing
a treatment approach for AS patients with spinal fractures
who may have preexisting lung disease.

Our study has several limitations inherent to large
database studies. First, the quality of the data has an
influence on the power of our study. Therefore, incorrect
or inconsistent coding of ICD-9 codes are potential sources
of error. Moreover, complication data are acquired from
inpatient hospitalizations and do not factor in a patient’s
long-term complications. Second, the NIS database does
not provide specific details about a patient’s hospitalization.
This is important because underlying deformities,
radiographic data, and time elapsed since fracture onset is
instrumental factors to consider when making a treatment
decision. We also do not have information on the
neurological status of the patient following the fracture.
Lastly, minimally invasive instrumentation is increasingly
being used to treat fractures in AS, and the database does
not have the level of detail to differentiate between open
versus minimally invasive instrumentation.

Conclusions

We found that surgical treatment has been growing in
popularity for thoracolumbar fractures but staying consistent
for cervical fractures in AS patients. Surgical approach has
shifted for cervical fractures with APSF transitioning from
the most popular to the least popular approach from 2003
to 2014. For thoracolumbar fractures, PSF has remained
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the preferred approach. Patients undergoing APSF had
significantly higher pulmonary complication rates in both
cervical and thoracolumbar fractures. This finding can help
surgeons in treating fractures in AS patients with underlying
pulmonary disease.
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