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Abstract

Study design: Retrospective study.

Objectives: To analyze factors associated with major complications (MC) in patients with ankylosing spondylitis (AS) undergoing
surgical management for a spine fracture.

Methods: Included were all persons with spine fractures and AS in a teriary health care center between 2003 and 2019. Clinical
data and MC were characterized with descriptive characteristics. Multivariable analyses were used to find factors associated with
MC.

Results: In total, 174 traumatic fracture incidents in 166 patients with AS were included, with a mean patient age of 70.7+ 13.1 years.
The main reason for spine fracture was minor trauma (79.9%). Spinal cord injuries (SCI) were described in 36.7% of cases. The
majority of patients (54.6%) showed more than one fracture of the spine, with cervical fractures being the most common (50.5%).
Overall, the incidences of surgical site infection, implant failure, nosocomial pneumonia (NP), and mortality were 17.2%, 9.2%, 31%,
and 14.9%, respectively. ICU stay > 48 hours was associated with MC (including death). Posterior approach for spondylodesis, ICU
stay > 48 hours and cervical SCI were related to MC (excluding death). Age > 70 years, NP and Charlson comorbidity index > 5
points were associated with in-hospital mortality.

Conclusions: Patients with AS and surgical treatment of spine fractures are at high risk for MC. Therefore, our results might give
physicians better insight into the incidence and sequelae of major complications and therefore might improve patient and family
expectations.
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Introduction

Due to the unstable nature of spine fractures in patients with

ankylosing spondylitis (AS), surgical treatment is the first line

of choice, with superior clinical outcomes when compared to

conservative treatment and immobilization.1,2 However, com-

plication rates and elevated mortality rates after surgical man-

agement are significantly higher in patients with AS compared

to normal spine trauma patients without preexisting bony
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abnormalities.3-5 Some authors have tried to explain this based

on increased age, number of comorbidities or AS-related osteo-

porosis and decreased vital capacity, with possible risk of pul-

monary complications.6-8

While there is increasing interest in better understanding the

major complications (MC) of patients with AS undergoing

surgical management for a spine fracture, there remains limited

research in the area. Most of the existing literature on spinal

fractures in patients with an ankylosed spine is limited to stud-

ies and reviews that grouped AS and diffuse idiopathic skeletal

hyperostosis (DISH) as ankylosing spinal disorders

(ASD).1,3,5,9-15 Some of these studies described a significant

association between mortality and increased age, number of

comorbidities, and minor trauma, but they included patients

with conservative as well as surgical management of these 2

disease entities.5,10,11 Other researchers were able to show

treatment results of large patient populations with AS by using

extracted data from predefined variables in national data-

bases.2,4,6,7,16 Their data showed significantly higher rates of

surgical site infection (SSI), nosocomial pneumonia (NP) and

total medical complications in surgically treated patients with

AS compared to patients without AS or demonstrated that

increased age, male gender, increased rates in the Charlson

comorbidity index (CCI), cervical spine fractures, spinal cord

injury (SCI), and NP are predictors of mortality after conser-

vative or surgical management in patients with AS.2,4,7

However, the current literature lacks information with

respect to factors that may be associated with MC, such as SSI,

implant failure (IF), NP, and death, in patients with AS during

hospitalization. Furthermore, no monocentric data of a large

patient population with AS undergoing surgical management

for a spine fracture over a long observation period have been

described to the best of our best knowledge. The purpose of the

present study was: (1) to show the incidences of SSI, IF, NP,

and death; and (2) to examine factors asossciated with these

MC in patients with AS undergoing surgical management for a

spine fracture.

Our hypothesis was that: (1) MC in patients with AS are

common after surgical management; and (2) several factors in

the patients and spine fracture characteristics, as well as surgi-

cal management data, will be associated with MC, which might

be important for the treating phyisicians to provide prognostic

information and to improve patient and family expectations.

Methods

Study Design and Selection Criteria

This retrospective, monocentric study was performed at a

department of general and trauma surgery and a department

of spinal cord injuries (SCI) in a university, tertiary health care

center. It was approved by the local ethics committee (no. of

approval 20-6845-BR). Patients were identified from the insti-

tute databases using the keywords “fracture” and “spine” and

“AS” or “spine fracture” and “AS.” Demographic data, clini-

cial findings, distribution of fractures, SCI, surgical treatment,

length of stay (LOS) in hospital and intensive care unit (ICU),

and MC were retrospectively evaluated.

All patients with AS and a traumatic fracture of the spine

between January 1, 2003 and December 31, 2019 were

included. Patients younger than 18 years; with spine fractures

and unknown preexisting AS, DISH or Forestieŕs disease; con-

servative management of spine fractures in AS; and patients

referred for rehabilitation of SCI after surgical treatment of

spine factures in AS in other hospitals were excluded. There-

fore, of 220 patients with the diagnoses of spine fracture in AS,

54 were excluded, resulting in 166 patients who met the criteria

and were included in the analysis (Figure 1).

Data Collection

In addition to standard parameters, such as number of patients,

referral, age, sex, body mass index (BMI), admission to the

ICU, need for tracheostomy, LOS in hospital and ICU, the

following relevant comorbidities were analyzed in the study:

chronic heart failure (CHF), classified as New York Heart

Association grade II or higher,17 chronic obstructive pulmon-

ary disease (COPD) with preexisting medication, diabetes mel-

litus with preexisting medication and chronic renal failure

(CRF), classified as Kidney Disease Outcome Quality Initia-

tive grade 2 or higher.18 Preoperative hypoalbuminemia was

classified as a serum albumin less than 3.5 g/dL before surgical

treatment.19 The CCI as a measure of patient comorbidity bur-

den was also calculated for each patient.20

Delayed diagnosis was defined as lack of documentation of

an existing spinal fracture within 24 hours of the patient́s initial

assessment. Minor trauma was classified as simple ground-

level falls or falls from sitting position.

Spinal fractures were classified as single or multiple frac-

tures of one region of the spine (cervical, thoracic and lumbar)

or as multiregion fractures (cervical and thoracic, cervical and

Spinal fracture in AS (n=220)

Excluded (n=54)

Included (n=166)

Reffered for rehabilita�on (n=28)

Conserva�ve treatment (n=15)

Unknown AS or DISH (n=11)

Figure 1. Flow diagram showing results of patient search. Abbrevia-
tions: AS ankylosing spondylitis, DISH diffuse idiopathic skeletal
hyperostosis.
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lumbar, thoracic and lumbar, and as fractures of all regions of

the spine). SCI were divided into incomplete or complete para-

plegia or tetraplegia of the cervical, thoracic and lumbar spinal

cord and classified according to the American Spinal Injury

Association (ASIA) impairment scale (AIS) A to D.21 Neuro-

logical improvement of SCI during hospitalization was classi-

fied as improvement of one grade or more on the AIS.

Surgical treatment was defined as any operative procedure

by an anterior and/or posterior approach of the spine, e.g.

decompression and screw or plate fixation with or without graft

implantation from the iliac crest or cage implantation because

of unstable fractures of the spine with or without SCI. Surgical

stabilization of the spine was performed via fusion surgery of

one region of the spine (cervical, thoracic and lumbar) or as

multiregion spondylodesis of the spine (cervical and thoracic,

cervical and lumbar, thoracic and lumbar, lumbar and sacral,

and as spondylodesis of all regions of the spine). A definitive

stabilization of the spine fractures within one surgery was

defined as single-stage surgery.

Major Complications

MC during hospitalization were divided into SSI, IF, NP and

death or in-hospital mortality. These complications were cho-

sen based on the available literature, stating that wound infec-

tions, IF, pneumonia or respiratory insufficiency, and death are

the most common complications in patients with fractures of

the ankylosed spine.3 SSI was defined based on the Centers for

Disease Control and Prevention definition for deep SSI.22,23 In

brief, this definition includes signs of infection, such as tem-

perature > 38�C, localized edema, erythema, deep wound

dehiscence, and / or purulent drainage with the presence of

organisms cultured from the wound or the presence of a deep

abscess. Persistent unstable fractures after initial surgical treat-

ment or failed osteosynthesis was considered as IF and led to

surgical revision. NP was classified as new infiltrate on chest

radiograph plus 2 of the following symptoms: abnormal white

blood cell count (< 4000 ml or > 12000 ml), presence of fever
or hypothermia (< 36�C or > 38�C), purulent sputum and

deterioration in gas exchange.24 Death or in-hospital mortality

was defined as death of patients with spine fractures in AS after

surgical treatment during hospitalization.

Bivariable Analysis

The following variables were used to test the associated factors

of MC in patients with AS undergoing surgical management for

a spine fracture: referral, male gender, age > 70 years, BMI >
30, CHF, COPD, diabetes mellitus, CRF, alcohol use, nicotine

use, preoperative hypoalbuminemia, CCI of zero points, CCI of

one to 2 points, CCI of 3 to 4 points, CCI > 5 points, delayed

diagnosis > 24 hours, minor trauma, single and multiple frac-

tures of one region and multiregion fractures of the spine (cer-

vical, cervical and thoracic, cervical and lumbar, thoracic,

thoracic and lumbar, lumbar, and fractures of all regions of the

spine), SCI, cervical SCI, thoracic SCI, lumbar SCI, AIS A,

AIS B, AIS C, AIS D, AIS E, surgery > 24 hours after diag-

nosis, 2-stage surgery, surgery > 8 p.m., surgery time > 3

hours, blood transfusion during surgery, loss of blood cells >
750ml during surgery, anterior approach, posterior approach

and combined approach, spondylodesis of one region and mul-

tiregion spondylodesis of the spine (cervical, cervical and thor-

acic, cervical and lumbar, thoracic, thoracic and lumbar,

lumbar, lumbar and sacral, and spondylodesis of all regions

of the spine), ICU stay > 48 hours after surgery, the need for

tracheostomy, SSI, IF, NP, and death.

Statistical Analysis

Statistical analysis was performed using Microsoft® Office

Excel® for Mac 2019 (Microsoft Corporation, Redmond,

WA, USA) and IBM® SPSS® Statistics Version 262019 (IBM

Corporation, Armonk, NY, USA). For categorical variables,

frequency counts were computed and presented along with

their percentages. For continuous variables, means were com-

puted along with their standard deviations. Bivariable analysis

was performed to compare statistical differences of MC (SSI,

IF, NP, and death). Chi-square tests or Fisheŕs exact tests were

used to compare these categorical variables. In the multivari-

able logistic regression models for MC (including death), MC

(excluding death), and death, only variables significant at the p

� 0.05 level were included. Significance for final results was

set at p � 0.05 a priori.

Results

Clinical Data on Admission

We identified 174 traumatic fracture incidents in 166 patients

with AS undergoing surgical management. The mean age of the

32 women and 134 men was 70.7 + 13.1 years, with a mean

BMI of 28 + 4.9 kg/m2. Two women and 6 men received

surgical treatment of different regions of the spine because of

simple ground-level falls with new spine fractures at different

times during the observation period. Most of the included

patients (n ¼ 139 / 79.8%) fractured their spine after minor

trauma; delayed diagnosis was described in 79 patients

(45.4%), with a mean of 11.4 + 11.6 days (range 2–73 days)

from trauma to diagnosis.

Comorbidities were common in the study population, with a

description of CRF in 50 patients (28.7%), COPD in 53 patients

(30.5%), and diabetes mellitus in 75 patients (43.7%). Preex-

isting CHF was documented in 119 patients (68.4%). Further

patient characteristics are summarized in Table 1.

A single fractured vertebra in one spinal region was

observed in 79 patients (45.4%). Over half of patients (n ¼
95 / 54.6%) showed more than one fracture of the spine after

trauma, with multiple fractures of one region in 70 patients

(40.2%) and multiregion fractures in 25 patients (14.4%). The

cervical spine was the region most commonly fractured, with

fractures in 88 patients (50.5%). Fractures in the thoracic spine

were present in 84 patients (48.2%) and fractures in the lumbar
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spine in 28 patients (16.1%). Spine fractures with SCI were

present in 64 patients (36.7%) and mainly affected the cervical

spine (n ¼ 31 / 17.8%) and thoracic spine (n ¼ 27 / 15.5%).

These details are also listed in Table 1.

Surgical Treatment and Postoperative Care

Surgical treatment within 24 hours after diagnosis of a spine

fracture was obtained in 108 patients with AS (62.1%). Sur-

gery time within 3 hours was observed in 101 patients (58%),

and spondylodesis of a spine fracture in the daytime was

performed in 129 patients (74.1%). In total, 65 patients

(37.3%) needed blood transfusions during surgery, and loss

of blood greater than 750ml was documented in 38 patients

(21.8%) (Table 2).

A dorsal approach for spondylodesis was used in 117

patients (67.2%), followed by a combined approach in 32

patients (18.4%) and an anterior approach in 25 patients

(14.3%). Spondylodesis of one region of the spine was obtained

in 77 patients (44.3%), and instrumentation of 2 or more

regions of the spine was necessarry in 97 patients (55.7%).

Overall, 158 patients (92%) were admitted to the ICU post-

operatively, and 91 of them (52.3%) had an ICU stay > 48

hours. Mean LOS in the ICU of all patients was 13.7 + 21.8

days (range 1–116 days) (Table 2). Tracheostomy during the

ICU stay was needed in 43 patients (24.7%).

Major Complications During Hospitalization

MC in patients with AS undergoing surgical management for a

spine fracture were found in 87 patients (50%). The reported

incidences of MC were as follows: SSI, 17.2%; IF, 9.2%; and

NP, 31% (Table 2). In-hospital mortality was 14.9%. Reasons

for death during hospitalization were NP 21 (80.7%), followed

by 4 cardiac arrests (15.4%) and one intracerebral hemorrhage

(3.8%). The time from trauma to death after surgical manage-

ment was 32 + 23 days (range 3–77 days).

CRF and ICU stay> 48 hours were significantly different in

at least 3 tested bivariable analyses of MC. Significant differ-

ences in age > 70 years, COPD, hypalbuminemia, CCI > 5

points, cervical SCI, AIS A and the need for tracheotomy were

found in at least 2 MC (Tables 3–6).

Table 1. Clinical Data of All Patients Before Surgical Management
(n ¼ 174).

Total

Baseline characteristics
Patients 166
Male 134 (77)
Age (years) 70.7 + 13.1
BMI (kg/m2) 28 + 4.9
Referral 133 (76.4)
Minor trauma 139 (79.9)
Delayed diagnosis 79 (45.4)

Comorbidities
Chronic heart failure 119 (68.4)
COPD 53 (30.5)
Diabetes mellitus 76 (43.7)
Chronic renal failure 50 (28.7)
Hypalbuminemia 21 (12.1)
CCI (points) 1.9 + 1.8

Region of fracture
Cervical spine 68 (39.1)
Thoracic spine 65 (37.4)
Lumbar spine 16 (9.2)
Multiregion 25 (14.3)
Cervical and thoracic spine 13 (7.5)
Cervical and lumbar spine 6 (3.4)
Thoracic and lumbar spine 5 (2.9)
Cervical, thoracic and lumbar spine 1 (0.6)

Vertebrae involved in fracture
One 79 (45.4)
Two or more 95 (54.6)

SCI
Cervical 31 (17.8)
Thoracic 27 (15.5)
Lumbar 6 (3.4)

Data presented as absolute numbers (percentage) or mean + standard
deviation.
Abbreviations: BMI body mass index, COPD chronic obstructive pulmonary
disease, CCI Charlson comorbidity index, SCI spinal cord injury.

Table 2. Clinicial Data of All Patients After Surgical Management
(n ¼ 174).

Total

Surgical management
Surgery < 24 hours after diagnosis 108 (62.1)
Surgery time < 3 hours 101 (58)
Surgery > 8 p.m. 45 (25.8)
Two-stage surgery 13 (7.4)
Blood transfusion 65 (37.3)
Loss of blood > 750 ml 38 (21.8)

Approach
Anterior 25 (14.3)
Posterior 117 (67.2)
Combined 32 (18.4)

Region of spondylodesis
Cervical 40 (23)
Thoracic 36 (20.7)
Lumbar 1 (0.6)
Multiregion 97 (55.7)
Cervical and thoracic 40 (23)
Thoracic and lumbar 46 (26.4)
Lumbar and sacral 3 (1.7)
Cervical, thoracic and lumbar 8 (4.6)

Major complications
Surgical site infection 30 (17.2)
Implant failure 16 (9.2)
Nosocomial pneumonia 54 (31)
Death 26 (14.9)

LOS
ICU (days) 13.7 + 21.8
Hospital (days) 55.7 + 60.9

Data presented as absolute numbers (percentage) or mean + standard
deviation.
Abbreviations: LOS length of stay, ICU intensive care unit.
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As listed in Table 7, multivariable regression analyses

demonstrated that ICU stay > 48 hours (odds ratio (OR) 4.12,

95% confidence interval (CI) 2.19–14.19, p ¼ 0.025) was sig-

nifcantly associated with MC (including death). A posterior

approach for spondylodesis (OR 4.86, 95% CI 1.17–20.25,

p ¼ 0.030), ICU stay > 48 hours (OR 4.97, 95% CI 1.94–

12.74, p ¼ 0.001) and cervical SCI (OR 5.65, 95% CI 1.03–

31.03, p ¼ 0.046) were significantly related to MC (excluding

death). Age > 70 years (OR 8.63, 95% CI 1.11–62.50, p ¼
0.039), NP (OR 16.06, 95% CI 2.56–100.48, p ¼ 0.003) and

CCI > 5 points (OR 39.93, 95% CI 4.46–357.58, p ¼ 0.001)

were significantly associated with in-hospital mortality.

Clinical Data on Discharge

Mean LOS in the hospital was 55.7 + 60.9 days (Table 2),

including all patients with SCI and postoperative rehabilitation

at the department of SCI at the authors’ institute. Neurological

improvement during hospitalization was noted in 20 patients

(11.5%). Two patients improved from AIS A to C (1.1%), 4

from AIS B to C (2.3%), 3 from AIS B to D (1.7%), one from

AIS B to E (0.6%), 8 from AIS C to D (4.6%), and 2 from AIS

D to E (1.1%) (Table 8).

Table 3. Bivariable Analysis of Surgical Site Infection After Surgical
Management (n ¼ 174).

Yes (n ¼ 30) No (n ¼ 144) p value*

Diabetes mellitus 18 (60) 58 (40.2) 0.048
Chronic renal failure 13 (43.3) 37 (25.7) 0.045
Thoracic spine fracture 17 (56.6) 48 (33.3) 0.016
Posterior approach 27 (90) 90 (62.5) 0.004
Thoracic spondylodesis 12 (40) 24 (16.6) 0.004
Red blood cell loss > 750 ml 11 (36.6) 27 (18.7) 0.031

Data presented as absolute numbers (percentage).
*p � 0.05, Chi square test or Fisheŕs exact test.

Table 4. Bivariable Analysis of Implant Failure After Surgical
Management (n ¼ 174).

Yes (n ¼ 16) No (n ¼ 158) p value*

Surgery time > 3 hours 12 (75) 61 (38.6) 0.007
ICU stay > 48 hours 12 (75) 79 (50) 0.048

Data presented as absolute numbers (percentage).
Abbreviations: ICU intensive care unit.
*p � 0.05, Chi square test or Fisheŕs exact test.

Table 5. Bivariable Analysis of Nosocomial Pneumonia After Surgical
Management (n ¼ 174).

Yes (n ¼ 54) No (n ¼ 120) p value*

Age > 70 years 40 (74) 63 (52.5) 0.007
COPD 24 (44.4) 29 (24.1) 0.007
Chronic renal failure 21 (38.8) 29 (24.1) 0.024
Hypoalbuminemia 11 (20.3) 10 (8.3) 0.041
CCI 3 to 4 points 17 (31.4) 20 (16.6) 0.027
CCI > 5 points 9 (16.6) 8 (6.6) 0.041
Delayed diagnosis 38 (70.3) 41 (34.1) 0.001
Multiregion fractures 12 (22.2) 13 (10.8) 0.048
SCI 34 (62.9) 30 (25) 0.000
Cervical SCI 24 (44.4) 7 (5.8) 0.000
AIS A 19 (35.1) 7 (5.8) 0.000
Combined approach 17 (31.4) 15 (12.5) 0.005
Surgery > 8 p.m. 21 (38.8) 24 (20) 0.008
Blood transfusion 26 (48.1) 39 (32.5) 0.048
ICU stay > 48 hours 50 (92.6) 41 (34.1) 0.000
Tracheostomy 36 (66.6) 7 (5.8) 0.000

Data presented as absolute numbers (percentage).
Abbreviations: COPD chronic obstructive pulmonary disease, CCI Charlson
comorbidity index, SCI spinal cord injury, AIS American Spinal Injury Associ-
ation impairment scale, ICU intensive care unit.
*p � 0.05, Chi square test or Fisheŕs exact test.

Table 6. Bivariable Analysis of In-Hospital Mortality After Surgical
Management (n ¼ 174).

Yes (n ¼ 26) No (n ¼ 148) p value*

Age > 70 years 23 (88.4) 80 (54) 0.001
BMI > 30 kg/m2 11 (42.3) 35 (23.6) 0.047
Chronic heart failure 23 (88.4) 96 (64.8) 0.017
COPD 14 (53.8) 39 (26.3) 0.005
Chronic renal failure 16 (61.5) 34 (22.9) 0.000
Hypoalbuminemia 8 (30.7) 13 (8.7) 0.002
CCI > 5 points 11 (42.3) 6 (4) 0.000
Cervical SCI 10 (38.4) 21 (14.1) 0.003
AIS A 10 (38.4) 16 (10.8) 0.000
Blood transfusion 17 (65.3) 48 (32.4) 0.001
ICU LOS > 48 hours 23 (88.4) 68 (45.9) 0.000
Tracheostomy 16 (61.5) 27 (18.2) 0.000
NP 21 (80.7) 33 (22.3) 0.000

Data presented as absolute numbers (percentage).
Abbreviations: BMI body mass index, COPD chronic obstructive pulmonary
disease, CCI Charlson comorbidity index, SCI spinal cord injury, AIS American
Spinal Injury Association impairment scale, ICU intensive care unit, NP noso-
comial pneumonia.
*p � 0.05, Chi square test or Fisheŕs exact test.

Table 7. Associated Factors of Major Complications (n ¼ 174).

Major complications including death OR 95% CI p value*
ICU > 48 hours 4.12 2.19–14.19 0.025

Major complications excluding death OR 95% CI p value*
Posterior approach 4.86 1.17–20.25 0.030
ICU > 48 hours 4.97 1.94–12.74 0.001
Cervical SCI 5.65 1.03–31.03 0.046

Death OR 95% CI p value*
Age > 70 years 8.63 1.11–62.50 0.039
NP 16.06 2.56–100.48 0.003
CCI > 5 points 39.93 4.46–357.58 0.001

Data presented as odds ratio with 95 % confidence interval.
Abbreviations: ICU intensive care unit, SCI spinal cord injury, NP nosocomial
pneumonia, CCI Charlson comorbidity index, OR odds ratio, CI confidence
interval.
*p � 0.05.
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Neurological deterioration was observed in 2 patients

(1.1%) after surgical treatment of unstable fractures (from AIS

E to AIS D). Of the 148 patients (85.1%) who survived the

in-hospital stay, 89 patients (51.1%) were discharged home, 36

patients (20.6%) were referred to acute (geriatric) rehabilitation

and 23 patients (13.2%) were discharged to a nursing home.

Follow Up

Follow up (FU) data after discharge from the hospital were

collected from 84 patients (48.3%) after 12 weeks. No re-

admission to the hospital because of SSI or IF during was

documented the observation period at the authors’ institute.

Discussion

Wewere able to perform a monocentric analysis in a large patient

population with AS undergoing surgical management for a spine

fracture over an observation period of 17 years. The main find-

ings of this study were that: (1) patients with AS have high

incidences of SSI (17.2%), IF (9.2%), NP (31%), and death

(14.9%); and (2) several factors are significantly associated with

MC. ICU stay> 48 hours was related toMC (including death). A

posterior approach for spondylodesis, ICU stay > 48 hours and

cervical SCI were associated with MC (excluding death). AS

patients aged > 70 years and CCI > 5 points on admission and

NP during hospitalization had increased odds of death. We

believe that determining the factors associated with MC will help

the treating phyisicians in their discussions with patients and the

patient́s legal representatives about outcome expectations.

While there is increasing interest in better understanding the

MC of patients with AS undergoing surgical management for a

spine fracture, there remains limited research in the literature.

Westerveld et al published data of 345 surgically and conser-

vatively treated patients with spine fractures in AS in their

systemativ review.3 In total, 187 patients (59.2%) received

surgical treatment. The rates of MC in the surgical group were

4.8% for SSI, 17.6% for IF, and 6.4% for NP. Overall mortality

within 3 months after injury was 17.7%. We found different

incidences of MC in our series, except for mortality. However,

the authors used 76 articles to publish data of 345 patients with

spine fracture in AS and reported a mean age of 59.1 years in the

AS cohort, which is significantly lower than our cohort

(70.7 years), possibly explaining the decreased rates of SSI and

NP. However, the authors did not discuss the high incidence of

IF. Analyses of the National Inpatient Sample (NIS) database or

the PearlDiver Patient Records database with the inclusion of

more than 900 patients with AS each showed lower rates of SSI,

IF, NP and in-hospital mortality compared to our results.4,6,7,16

However, the use of national databases may have led to under-

reported or inaccurate data of MC, with the bias of misinterpre-

tation of the available data because of the accuracy of billing

codes and miscoding or noncoding by physicians as potential

sources of error. We were unable to find any other explanation

for the different incidences. Several monocentric studies have

also examined clinical outcomes of patients with ASD under-

going conservative or surgical management for a spine fracture,

often grouping AS with DISH, which significantly limits the

ability to compare our AS-specific results.5,9-11,14,15

Overall, the incidences of SSI, IF, NP, and in-hospital mor-

tality were in line with our results and showed on one hand that

patients with AS or DISH undergoing surgical management

have high risks of complications and, on the other hand, that

NP, IF, NP and death are the main complications during hos-

pitalization.5,9-11,14,15 Despite the above mentioned limitations

for comparison, the authors would like to comment that all

studies reported useful information of MC in patients with ASD

ungergoing surgical management for a spine fracture.3-6,9-16

We were able to describe several factors that increased the

odds of postoperative MC in patients with AS. In our study, all

associated factors of MC during hospitalization were nonmo-

difiable factors in AS patients with acute, unstable spine frac-

ture and the need of spinal fusion without delay. We therefore

believe our findings might be important to give physicians

better insight into the incidence and sequelae of MC in patients

with traumatic fractures of the ankylosing spine, provide prog-

nostic information, and improve the patient and family expec-

tations before surgical treatment. Patients and the patient́s legal

reprasentatives need to know about the potentially high risk of

adverse events during hospitalization.

To the best of our best knowledge, associated factors of MC,

such as ICU stay, cervical SCI or posterior approach of spon-

dylodesis, have not been described in the literature in patients

with AS or DISH undergoing surgical treatment for a spine

Table 8. Neurological Status on Admission and on Discharge (n ¼ 174).

AIS on discharge

DeathAIS on admission AIS A AIS B AIS C AIS D AIS E

AIS A 26 (14.9) 14 (8) - 2 (1.1) - - 10 (5.7)
AIS B 9 (5.2) - 1 (0.6) 4 (2.3) 3 (1.7) 1 (0.6) -
AIS C 13 (7.5) - - 2 (1.1) 8 (4.6) - 3 (1.7)
AIS D 16 (9.2) - - - 13 (7,4) 2 (1.1) 1 (0.6)
AIS E 110 (63.2) - - - 2 (1.1) 96 (55.1) 12 (6.9)
Total 174 (100) 14 (8) 1 (0.6) 8 (4.6) 26 (14.9) 99 (56.9) 26 (14.9)

Data presented as absolute numbers (percentage).
Abbreviations: AIS American Spinal Injury Association impairment scale.
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fracture.3-6,9-16 Vazan et al listed a mean ICU stay of 11.6 days in

their monocentric study of 41 ASD patients, with surgical man-

agement and the need of tracheostomy in 5 patients (12.2%)

because of prolonged weaning.14 Another monocentric study

with 112 ASD patients by Caron et al reported about the need

for tracheostomy in 11 patients (10%).10 However, the authors

described no further information about the ICU stay or possible

adverse effects.10,14 Correlations between the ICU stay, age,

comorbidity, tracheostomy, NP and mortality are well known

in the literature, causing important worldwide health

problems and being associated with substantial morbidity and

mortality.25-27 Despite the paucity of comparable studies, we

believe these findings can also be applied to patients with AS.

SCI rates after traumatic spine fractures in patients with

ASD range between 27.5% and 58%.9,10,16 However, only

2 studies have described an association of SCI after traumatic

spine fractures with MC.9,16 No data of cervical SCI were listed

in their analyses. Previous reports of SCI patients older than

65 years even without ASD showed an increased risk of com-

plications and worse functional outcomes.28,29 Overall, we

believe that older patients with AS and (cervical) SCI, espe-

cially AIS A, are at high risk of suffering from MC after trau-

matic spine fracture. A posterior approach for spondylodesis

was also associated with MC (excluding death) in our study.

However, surgical stabilization via a posterior approach was

only significantly different in our bivariable analysis of SSI.

These findings were also published as risk factors for SSI in

general spine surgery and were likely also the main reasons in

our study.30,31 The general trend in the literature is for a com-

bined anterior-posterior approach to have the highest risk of

SSI, followed by posterior approach, with the anterior approach

often reducing the risk of SSI.32

Associated factors of mortality in patients with an ankylosed

spine are well described in the current literature.2,5,7,11,16 It

should be noted that all studies used data of conservatively and

surgically treated patients with AS or DISH for their analyses.

Similar to our findings, data from the NIS between 2005 and

2011 have shown that increased age, increased rates of comor-

bidities, and NP along with other factors, such as cervical spine

fractures and SCI, are associated with in-patient mortality in

hospitalized patients with AS.7,16 This was also described by

Robinson et al by using extracted data from 1987 to 2011 in the

Swedish patient registry and Swedish mortality registry.2 AS

patients with older age and higher rates in the CCI next to SCI

and male gender had increased odds of death during hospitaliza-

tion. In addition, older age was also related to mortality in mono-

center studies with ASD patients.5,11 Based on the included data,

we indicate that older male AS patients with several comorbid-

ities and the diagnosis of a cervical spine fracture with conco-

mitant SCI on admission and the occurrence of NP during

hospitalization are at especially high risk of death after surgical

treatment.2,5,7,11,16 We therefore believe that our findings wil be

important to provide prognostic information about clinical out-

comes for the treating physicians, patients and their families.

There are several limitations associated with the present

study that should be considered. A retrospective study design

may often lead to underreporting of comorbidities and mortal-

ity. The lack of a control group did not allow any specific

recommendations regarding independent predictors associated

with MC. The purpose of this study was to analyze factors

associated with MC exclusively during the hospitalization of

patients with AS. Therefore, we did not intend to analyze any

follow-up data beyond 12 weeks. Furthermore, the institutional

review board approval did not include a recall for FU. Never-

theless, patients suffering a MC might have been treated in a

different hospital, and some bias is possible and likely to cause

an attenuation in the reported incidences. Therefore, conclu-

sions based on our results should be drawn carefully. However,

we present a large patient population with AS undergoing sur-

gical treatment for a spine fracture in a university, tertiary

health care center over a long observation period and were able

to find several factors significantly associated with MC.

Conclusion

Patients with AS and surgical treatment of spinal fractures are at

high risk ofMC during hospitalization. From the authors point of

view, it is of high clinical significance to characterize factors

associated with postoperativeMC in this population. Overall, we

quantified clinical outcomes, showing that the incidences of SSI,

IF, NP, and mortality during hospitalization were high. ICU stay

> 48 hours was related to MC (including death). A posterior

approach for spondylodesis, ICU stay > 48 hours and cervical

SCI were associated with MC (excluding death). AS patients

aged> 70 years and CCI> 5 points on admission and NP during

hospitalization had increased odds of death. We believe our

results will give physicians better insight into the incidence and

sequelae of major complications in patients with fractures of the

ankylosing spine, provide prognostic information and improve

patient and family expectations. However, future research with

large matched control cohorts is needed to find independent

predictors of MC in patients with AS undergoing surgical man-

agement for a spine fracture.
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