
Stenosis
Anterior Cervical Discectomy and Fusion for Cervical
Mortality Associated With Chronic Steroid Use Following 
Increased Rates of Septic Shock, Cardiac Arrest, and

WEINREB, DAVID P. FALK, WARREN YU and JOSEPH R. O'BRIEN
RYAN LEE, DANNY LEE, NIKHIL B. GOWDA, UCHECHI IWEALA, JEFFREY H.

https://www.ijssurgery.com/content/14/5/649
https://doi.org/10.14444/7095doi: 

2020, 14 (5) 649-656Int J Spine Surg 

This information is current as of May 3, 2025.

Email Alerts
http://ijssurgery.com/alerts
Receive free email-alerts when new articles cite this article. Sign up at: 

© 2020 ISASS. All Rights Reserved. 
Aurora, IL 60504, Phone: +1-630-375-1432
2397 Waterbury Circle, Suite 1,
The International Journal of Spine Surgery

 by guest on May 3, 2025https://www.ijssurgery.com/Downloaded from  by guest on May 3, 2025https://www.ijssurgery.com/Downloaded from 

https://doi.org/10.14444/7095
https://www.ijssurgery.com/content/14/5/649
http://jpm.iijournals.com/alerts
https://www.ijssurgery.com/
https://www.ijssurgery.com/


International Journal of Spine Surgery, Vol. 14, No. 5, 2020, pp. 649–656
https://doi.org/10.14444/7095
�International Society for the Advancement of Spine Surgery

Increased Rates of Septic Shock, Cardiac Arrest, and

Mortality Associated With Chronic Steroid Use Following

Anterior Cervical Discectomy and Fusion for Cervical

Stenosis

RYAN LEE, MBA,1 DANNY LEE, MD,1 NIKHIL B. GOWDA, BS,1 UCHECHI IWEALA, MD, MBA,2

JEFFREY H. WEINREB, MD,2 DAVID P. FALK, MD,3 WARREN YU, MD,2 JOSEPH R. O’BRIEN, MD,
MPH4

1The George Washington University School of Medicine and Health Sciences, The George Washington University, Washington, District of Columbia, 2Department
of Orthopaedic Surgery, The George Washington University Hospital, Washington, District of Columbia, 3Department of Orthopaedic Surgery, University of

Pennsylvania Hospital, Philadelphia, Pennsylvania, 4Washington Spine and Scoliosis Clinic, OrthoBethesda, Bethesda, Maryland

ABSTRACT

Objective: Anterior cervical discectomy and fusion (ACDF) is an established treatment modality for cervical

spondylosis. Many patients are on immunosuppressant therapy in the management of various inflammatory spinal
pathologies and other comorbid conditions. The impact of chronic steroid use on postoperative complications has not
been examined in cervical fusion procedures. The objective of this study was to identify specific postoperative

complications associated with steroid/immunosuppressant use following ACDF for cervical stenosis.
Methods: A multi-institutional surgical registry was queried to identify 5377 patients with ACDF diagnosed with

cervical stenosis. Patients were stratified into cohorts with a history of steroid/immunosuppressant use for chronic

conditions (n¼ 198, 3.3%) versus those who did not (n¼ 5179, 96.7%). Propensity-score matching without replacement
was implemented to control for preoperative demographics and comorbidities. Pearson v2 and Fischer exact tests were
used in comparing the prevalence of demographics, comorbidities, and complication rates.

Results: Upon propensity matching, increased rates of pulmonary embolisms (0.51% vs 0.00%, P¼ .025), cardiac

arrest requiring resuscitation (1.01% vs 0.10%, P ¼ .020), septic shock (0.51% vs 0.00%, P ¼ .025), and mortality
(1.52% vs 0.20%, P¼ .009) in the postoperative 30-day period in patients on chronic steroid/immunosuppressant use
were observed.

Conclusions: The results indicate that steroid use/immunosuppression in patients with ACDF has a higher
associated rate of pulmonary embolisms, cardiac arrest, septic shock, and mortality. The risk of mortality and these
other complications should be carefully considered prior to operative intervention. Future research may investigate

steroid-tapering protocols that reduce the rate of infection and other postoperative complications in the subset of
immunosuppressed ACDF patients.

Clinical Relevance: By elucidating the complication rates of ACDF patients on steroids for cervical stenosis,
orthopedic surgeons can better stratify patients for risk of postoperative morbidity. Surgeons may have deeper risk-

benefit discussions with these specific patients before they elect to have the operation.

Cervical Spine

Keywords: ACDF, cervical stenosis, steroids, complications

INTRODUCTION

Cervical spondylosis encompasses multiple degen-
erative changes of the cervical spine resulting in
myelopathy and/or radiculopathy and has been
classically associated with advancing age.1,2 With the
incidence of cervical spondylosis and subsequent
degenerative cervical myelopathy/radiculopathy ex-
pected to increase in the coming decades due to an
aging population, the number of patients undergoing

cervical spinal surgery is also expected to increase.3,4

For example, degenerative cervical myelopathy

(DCM) is a strong indication for early operative

interventionbecause patients candecline progressively

in a predictable, stepwise fashion. Surgical manage-

ment ofDCMhas also been shown to be cost-effective

and to vastly improve patients’ quality of life.5

Many patients with degenerative cervical spine

disease are on or have tried steroids to control
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inflammation and control symptoms.6 Although
anterior cervical discectomy and fusion (ACDF)
has been validated as an effective surgical modality
for treating degenerative cervical spine disease with
favorable postoperative outcomes,7 complication
rates associated with the ACDF approach have
not been studied in immunosuppressed patient
populations. Many immunosuppressants, such as
steroids and calcineurin inhibitors, have been linked
with decreases in bone mineral density,8 potentially
increasing risks of complications or failure after a
cervical procedure. This study will analyze the
effects of chronic steroid/immunosuppressant use
for chronic conditions on postoperative complica-
tions in ACDF for the treatment of cervical
spondylosis resulting in cervical spinal stenosis.
Because surgeons use arthrodesis to treat a signif-
icant portion of patients with inflammatory degen-
erative cervical diseases, it is important to
understand how steroid/immunosuppressant use
affects complication and success rates in ACDF in
this specific population so that surgeons can take
proper preoperative and postoperative measures to
optimize outcomes and patient satisfaction. We
hypothesize that chronic steroid/immunosuppres-
sion therapy will predispose patients to various
postoperative complications, particularly infectious
complications.

MATERIALS AND METHODS

Patient Cohort Selection

The American College of Surgeons (ACS) main-
tains a large, multi-institutional clinical registry of
all patients undergoing surgical procedures at one of
680 participating institutions in its National Surgi-
cal Quality Improvement Program (NSQIP) data-
base. We queried the NSQIP database to identify
and isolate all patients who had undergone an
ACDF procedure, using Current Procedure Termi-
nology (CPT) codes corresponding with 22551 and
22554. A total of 38 645 patients who had
undergone ACDF from 2005 to 2016 were isolated
for this retrospective analysis. Patients were then
selected if they had a diagnosis of cervical stenosis,
which was identified by International Classification
of Diseases (ICD) codes. Patients who had a
postoperative diagnosis ICD-9 and/or ICD-10 code
corresponding with 723 and M48.02, respectively,
were included for analysis. Patients excluded from
the study were those with incomplete demographic

information (2758) and those who also underwent
posterior cervical fusion, laminectomies, facetecto-
mies, and foraminotomies of the cervical vertebral
bodies. After all inclusion and exclusion criteria
were applied, 5377 patients with ACDF who were
diagnosed with cervical stenosis were ultimately
included in the current study. These patients were
then stratified into 2 separate cohorts—those who
had a history of steroid/immunosuppressant use for
chronic conditions (n¼ 198, 3.3%) versus those who
did not (n¼ 5179, 96.7%). Steroid use is defined by
the ACS NSQIP database as ‘‘requiring regular
administration of oral or parenteral corticosteroid
(e.g. prednisone, Decadron) medications or immu-
nosuppressant medications, within the 30 days prior
to the principal operative procedure or at the time
the patient is being considered as a candidate for
surgery, for a chronic medical condition (e.g. COPD
[chronic obstructive pulmonary disease], asthma,
rheumatologic disease, rheumatoid arthritis, inflam-
matory bowel disease). A one-time pulse, limited
short course, or a taper of less than 10 days duration
would not qualify. The variable does not include
topical corticosteroids applied to the skin or
corticosteroids administered by inhalation or rec-
tally, nor does it include short course steroids
(duration 10 days or less) in the 30 days prior to
surgery.’’9

Variables

Demographic factors and preoperative comor-
bidities were included in this study to gain
population-based insights into the differences asso-
ciated with steroid use before undergoing ACDF.
Demographic factors include age, sex, race, and
body mass index (kg/m2; BMI). Preoperative
comorbidities include diabetes mellitus, smoking
history, dyspnea, COPD, congestive heart failure,
hypertension, acute renal failure, dialysis depen-
dence, disseminated cancer, open wound or wound
infections, weight loss of more than 10% within 6
months prior to surgery, hematologic disorders (eg,
vitamin K deficiency, thrombocytopenia), systemic
sepsis, and functional dependence.9 Also included
were perioperative variables, such as time of surgical
delay from admission to operation, operative time,
total length of hospital stay, and American Society
of Anesthesiologists (ASA) class.

Postoperative adverse events analyzed in this
study include the occurrence of surgical site
infections, wound dehiscence, pneumonia, un-
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planned intubation, pulmonary embolism (PE),
ventilator dependence (�48 hours), progressive
renal insufficiency, acute renal failure, urinary tract
infections, strokes, cardiac arresting requiring car-
diopulmonary resuscitation, myocardial infarctions,
blood transfusions, deep venous thromboembolisms
(DVT), systemic sepsis, septic shock, return to the
operating room, extended length of stay (LOS; �5
days), unplanned readmission, and mortality within
the 30-day period following ACDF.

Statistical Analysis

To determine differences in patient demographic
factors, comorbidities, and perioperative/postoper-
ative outcomes, univariate analyses were first used
to assess statistical difference in prevalence of
specific variables, stratified into 2 cohorts of
patients—those with and those without a history
of chronic steroid use. Pearson v2 tests were used to
test for differences in categorical variables, whereas
1-way analysis of variance was used to assess
differences in mean values of continuous variables
such as age, laboratory values, and time. Whereas
these continuous variables were expressed as mean
values with respective standard deviations, categor-
ical variables were reported as incidence rates within
the respective cohorts.

Propensity-score matching without replacement
was implemented in a 1:5 manner, controlling for
the significantly different patient demographic
factors and preoperative comorbidities, to generate
a control cohort of patients who were not taking
steroids for more accurate comparison with those
ACDF patients with cervical stenosis who were
using steroids within the 30 days leading up to the
procedure. Due to the smaller size of the steroid-use
cohort (n ¼ 198 patients with a history of steroid
use), matching was conducted in a 1:5 ratio to
generate a propensity-matched control cohort of
990 patients to minimize the chances of high-quality
control matches being discarded due to the small
number of steroid-use patients. The caliber was set
to 0.2, with all variables that were being controlled
for being entered as ‘‘covariates,’’ when matching.
Propensity-matching was performed using R, ver-
sion 3.3.3.

All statistical findings with P values less than or
equal to .05 were considered significant in this
analysis. All statistical analyses were performed
using the SPSS Statistics, version 25, software (IBM

Corporation, Armonk, NY) and R Version 3.3.3
(The R Foundation, Auckland, New Zealand).

RESULTS

Among the 38 645 ACDF patients analyzed,
5377 (13.91%) patients had a postoperative diag-
nosis of cervical stenosis; of these, 198 (3.68%) had
a history of steroid use in the management of a
chronic condition in the 30-day preoperative period.
In the initial univariate analyses, the steroid cohort
was significantly older (59.78 years vs 56.09 years, P
, .001) and had a larger proportion of female
patients (58.59% vs 49.53%, P ¼ .012) than the
control cohort (Table 1). Patients using steroids
were more likely than those without a history of
steroid use to present with dyspnea (10.61% vs
5.41%, P ¼ .007), COPD (8.08% vs 4.69%, P ¼
.029), hypertension requiring medication manage-
ment (59.60% vs 46.89%, P ¼ .001), acute renal
failure (0.51% vs 0.00%, P , .001), dialysis
dependence (1.01% vs 0.23%, P ¼ .035), dissemi-
nated cancer (1.01% vs 0.08%, P , .001), and an
open wound or wound infection preoperatively
(1.01% vs 0.23%, P ¼ .035) in the unmatched
analysis (Table 1).

In the propensity-matched analysis, the steroid
cohort had significantly higher rates of dyspnea
(10.61% vs 6.16%, P ¼ .032), acute renal failure
(0.51% vs 0.00%, P ¼ .025), and disseminated
cancer preoperatively (1.01% vs 0.10%, P ¼ .020),
with no differences in age, gender, race/ethnicity, or
BMI (Table 1).

Patients with a history of steroid use experienced
a significantly longer length of total hospital stay
(1.61 days vs 2.16 days, P¼ .007) and a significantly
longer delay from admission to operation (0.05 days
vs 0.44 days, P ¼ .009) when compared with the
propensity-generated control cohort. A larger pro-
portion of the steroid cohort (61.62%) was assigned
an ASA class of 3 or higher than was the propensity-
matched control cohort (50.00%, P , .001; Table
2).

Those on steroids had higher postoperative
complication rates when compared with the pro-
pensity-adjusted patients, including PEs (0.51% vs
0.00%, P ¼ .025), cardiac arrest requiring resusci-
tation (1.01% vs 0.10%, P ¼ .020), septic shock
(0.51% vs 0.00%, P ¼ .025), and mortality (1.52%
vs 0.20%, P ¼ .009) in the 30-day period following
ACDF (Table 3). Similar trends were seen in
complication rates when comparing steroid users
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in the propensity-matched cohorts, stratified by 1-
and 2-level ACDF versus 3-level or higher ACDF.
Similar complication rates were observed in the 1-
and 2-level ACDF cohort, specifically (Table 4).

DISCUSSION

In the United States, a move towards bundled
payments/risk sharing makes understanding the
factors that affect rates of complications and LOS
crucial. This study has analyzed chronic presurgical
steroid use and associated comorbidities. The results
of this study demonstrate that steroid use for
chronic medical conditions is associated with a
number of preoperative morbidities and also with
higher rates of multiple postoperative complica-
tions. Consideration of these results may make the

surgeon adverse to surgical intervention, but not all

surgical management for cervical spinal stenosis is

elective. As such, these data should be used to

inform those creating bundled payment plans with

hospitals and insurers.

The present study demonstrated longer LOS for

those on preoperative chronic steroid therapy

undergoing ACDF for cervical stenosis than their

propensity-matched cohorts. These findings are in

line with the current literature, given that White et

al10 previously reported similar increases in LOS for

patients on preoperative chronic steroids for ante-

rior lumbar fusion. It is likely that patients on

steroid therapy are medically more complex and

may understandably require resources at the time of

surgery. For example, chronic steroid use suppresses

Table 1. Demographics and preoperative comorbidities in ACDF patients with cervical stenosis.

Control (n ¼ 5179) PM Control (n ¼ 990)* Steroid Use (n ¼ 198) P Value PM P Value*

Demographics
Age, y† 56.09 6 11.048 59.84 6 10.178 59.78 6 10.967 ,.001 .948
Sex .012 .895
Female 2565 (49.53) 575 (58.08) 116 (58.59
Male 2614 (50.47) 415 (41.92) 82 (41.41)

Race .270 .853
American Indian or Alaska Native 53 (1.02) 8 (0.81) 1 (0.51)
Asian or Pacific Islander 103 (1.99) 8 (0.81) 1 (0.51)
Black or African American 501 (9.67) 101 (10.20) 22 (11.11)
Hispanic 1 (0.02 24 (2.42) 7 (3.54)
White 4173 (80.58 849 (85.76) 167 (84.34)

Body mass index (kg/m2) .818 .913
Normal (,25.0) 1054 (20.35 176 (17.78) 34 (17.17)
Overweight (25.0–29.9) 1704 (32.90 320 (32.32) 70 (35.35)
Class I (30.0–34.9) 1344 (25.95 254 (25.66) 50 (25.25)
Class II (35.0–39.9) 649 (12.53) 133 (13.43) 26 (13.13)
Class III (.40.0) 428 (8.26) 107 (10.81) 18 (9.09)

Preoperative comorbidities
Diabetes mellitus .453 .148
No diabetes mellitus 4328 (83.57) 794 (80.20) 170 (85.86)
Non–insulin dependent 563 (10.87) 125 (12.63) 16 (8.08)
Insulin dependent 288 (5.56) 71 (7.17) 12 (6.06)

Smoke 1414 (27.30) 236 (23.84) 40 (20.20) .027 .269
Dyspnea .007 .032

No dyspnea 4899 (94.59) 929 (93.84 177 (89.39)
Moderate exertion 259 (5.00) 59 (5.96 19 (9.60)
At rest 21 (0.41) 2 (0.20) 2 (1.01)

COPD 243 (4.69) 58 (5.86) 16 (8.08) .029 .238
Congestive heart failure 5 (0.10) 2 (0.20) 0 (0.00) .662 .527
Hypertension 2480 (47.89) 543 (54.85) 118 (59.60) .001 0.220
Acute renal failure 0 (0.00) 0 (0.00) 1 (0.51) ,.001 0.025

Dialysis 12 (0.23) 4 (0.40) 2 (1.01) .035 0.272
Disseminated cancer 4 (0.08) 1 (0.10) 2 (1.01) ,.001 .020

Wound infection 12 (0.23) 2 (0.20) 2 (1.01) .035 .073
Hematologic disorders 56 (1.08) 13 (1.31) 5 (2.53) .060 .202
Systemic sepsis 5 (0.10) 0 (0.00) 0 (0.00) .662 . . .
Functional status .328 .287
Independent 5098 (98.44) 979 (98.89) 193 (97.47)
Partially dependent 74 (1.43) 9 (0.91) 4 (2.02)
Totally dependent 7 (0.14) 2 (0.20) 1 (0.51)

Abbreviations: ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; PM, propensity- matched.
*PM control cohort was generated by controlling for age, sex, smoking, COPD, dyspnea, hypertension, acute renal failure, disseminated cancer, wound infections,
dialysis, ASA.
†Values for age expressed as mean 6 standard deviation; all other values expressed as n (%).
Bold values indicate statistical significance at p ,0.05.
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the hypothalamic-pituitary-adrenal axis and can

lead to subsequent adrenal insufficiency. Glucocor-

ticoid stress dosing to prevent adrenal crisis may be

one of many such considerations regarding chronic

steroid therapy that may be responsible for increas-

ing the duration from admission to operation for

these medically complex patients. However, there is

a lack of consensus and ongoing debate regarding

the use of perioperative stress dosing.11,12

In line with the current literature, this study
demonstrated increased rates of PE in patients on
steroid/immunosuppressive therapy undergoing
ACDF for cervical stenosis. Previous analyses of
nationwide databases and pharmacological regis-
tries have demonstrated increased rates of PE in
patients on chronic steroid therapy in the general
population.13,14 Chronic steroid therapy has also
demonstrated increased PE risk in the 30-day
postoperative period for neurosurgical proce-

Table 2. Comparison of perioperative variables stratified by steroid use.

Operative Variables Control (n ¼ 5179) PM Control Cohort (n ¼ 990)* Steroid Use (n ¼ 198) P Value PM P Value*

Days to operation from admission† 0.04 6 0.552 0.05 6 0.738 0.44 6 4.399 ,.001 .009

Total operating time (minutes)† 132.99 6 70.918 131.67 6 67.632 134.03 6 68.506 .839 .654
Total hospital stay length (days)† 1.66 6 2.392 1.61 6 1.825 2.16 6 5.006 .006 .007

Care type, n (%) .702 .871
Inpatient 4074 (78.66) 795 (80.30) 158 (79.80)
Outpatient 1105 (21.34) 195 (19.70) 40 (20.20)

Anesthesia administered .750 .655
General 5164 (99.71) 989 (99.90) 198 (100.00)
Spinal 7 (0.14) 0 (0.00) 0 (0.00)
Other 8 (0.15) 1 (0.10) 0 (0.00)

ASA classification ,.001 ,.001

1–No disturb 144 (2.78) 24 (2.42) 0 (0.00)
2–Mild disturb 2781 (53.70) 471 (47.58) 76 (38.38)
3–Severe disturb 2177 (42.04) 481 (48.59) 110 (55.56)
4–Life threat 73 (1.41) 13 (1.31) 12 (6.06)
5–Moribund 4 (0.08) 1 (0.10) 0 (0.00)

Abbreviation: ASA, American Society of Anesthesiologists; PM, propensity-matched.
*PM control cohort was generated by controlling for age, sex, smoking, COPD, dyspnea, hypertension, acute renal failure, disseminated cancer, wound infections,
dialysis, ASA.
†Values expressed as mean 6 standard deviation; all other values expressed as n (%).
Bold values indicate statistical significance at p ,0.05.

Table 3. Propensity-matched univariate analyses for postoperative complications by steroid use.

Postoperative Complications Control (n ¼ 5179) PM Control (n ¼ 990)* Steroid Use (n ¼ 198) P Value PM P Value*

Surgical site infections
Superficial incisional 15 (0.29) 3 (0.30) 1 (0.51) 0.585 0.654
Deep incisional 13 (0.25) 6 (0.61) 0 (0.00) 0.480 0.272
Organ/space 5 (0.10) 2 (0.20) 1 (0.51) 0.091 0.438

Wound disruption 2 (0.04) 0 (0.00) 0 (0.00) 0.782 . . .
Pneumonia 35 (0.68) 9 (0.91) 3 (1.52) 0.166 0.436
Unplanned intubation 27 (0.52) 5 (0.51) 1 (0.51) 0.975 1.000
Pulmonary embolism 8 (0.15) 0 (0.00) 1 (0.51) .236 .025

Ventilator dependence (.48 h) 7 (0.14) 0 (0.00) 0 (0.00) .605 . . .
Progressive renal insufficiency 2 (0.04) 0 (0.00) 0 (0.00) .782 . . .
Acute renal failure 1 (0.02) 0 (0.00) 0 (0.00) .845 . . .
Urinary tract infection 23 (0.44) 7 (0.71) 1 (0.51) .900 .751
CVA/Stroke 5 (0.10) 1 (0.10) 1 (0.51) .091 .206
Cardiac arrest 6 (0.12) 1 (0.10) 2 (1.01) .001 .020

Myocardial infarction 9 (0.17) 3 (0.30) 0 (0.00) .557 .438
Blood transfusions 18 (0.35) 4 (0.40) 0 (0.00) .406 .370
Deep venous thromboembolism 16 (0.31) 3 (0.30) 1 (0.51) .630 .654
Septic complications
Systemic sepsis 11 (0.21) 3 (0.30) 1 (0.51) .392 .654
Septic shock 3 (0.06) 0 (0.00) 1 (0.51) .024 .025

Reoperation 81 (1.56) 12 (1.21) 3 (1.52) .957 .727
Extended length of stay (�5 d) 207 (4.00) 30 (3.03) 7 (3.54) .744 .709
Unplanned readmission 177 (3.42) 35 (3.54) 8 (4.04) .637 .728
Death 10 (0.19) 2 (0.20) 3 (1.52) ,.001 .009

Abbreviations: ASA, American Anesthesiologists Association; COPD, chronic obstructive pulmonary disease; CVA, cerebral vascular accident; PM, propensity-matched.
*PM control cohort was generated by controlling for age, sex, smoking, COPD, dyspnea, hypertension, acute renal failure, disseminated cancer, wound infections,
dialysis, ASA.
Bold values indicate statistical significance at p ,0.05.
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dures.15 Experimental evidence suggests that gluco-
corticoids may increase levels of coagulation factors
that could contribute to these increased rates of
thromboembolic events.16,17 In light of the increased
rates of PE, it is not unreasonable to have a lower
threshold of suspicion for PE and consideration of
appropriate chemical prophylaxis in patients on
chronic steroid therapy undergoing ACDF.

The present study demonstrated increased rates
of septic shock in the steroid cohort compared with
the nonsteroid cohort following ACDF for cervical
stenosis. Steroid use is known to have negative
effects on immunological defense mechanisms,
causing secondary immunodeficiency by way of
altering immune cell trafficking/functions and de-
creasing cytokine production.18 Steroids bind to
glucocorticoid receptors, altering cellular physiolo-
gy by inhibiting or stimulating gene expression to
overall inhibit inflammation.19–21 In addition,
chronic immunosuppressive therapy can lead to
severe lymphopenia and predispose individuals to
septic shock.22 Prior studies23,24 have demonstrated
that preoperative steroid use independently in-
creased the risk for infectious complications. Glu-
cocorticoids are widely used to noninvasively treat
inflammatory and autoimmune conditions of the

spine.21 Therefore, with steroid use being commonly
implicated in inflammatory spinal conditions, it is
important to factor the impacts of prior immuno-
suppressant therapy in subsequent surgical manage-
ment.

The rate of these postoperative complications
increased by chronic steroid use are most likely
contributing to an overall increase in rates of
mortality as well. Prior studies25,26 have demon-
strated increased mortality risk for patients on
chronic steroid therapy for various intra-abdominal
surgeries. However, there is a lack of literature
demonstrating this increased relationship in spinal
procedures. In light of the increased rates of
mortality, orthopedic surgeons and neurosurgeons
should carefully weigh the risks and benefits of
potential ACDF to treat cervical stenosis for
patients on chronic steroid therapy. Nonoperative
treatment options should be thoroughly discussed,
and the patient’s overall quality of health must be
carefully considered. Surgeons may wish to carefully
consider the decision to place patients on steroids
preoperatively to control radicular and myelopathic
symptoms, because the results of our study suggest
that there is an increased risk of various postoper-
ative complications.

Table 4. Propensity-matched univariate analyses for postoperative complications stratified by number of levels fused.

Postoperative Complications

1 and 2 Levels Fused 3 or More Levels Fused

PM Control,

n (%), n ¼ 904*

Steroid Use,

n (%), n ¼ 185 P Value

PM Control,

n (%), n ¼ 86*

Steroid Use,

n (%), n ¼ 13 P Value

Surgical site infections
Superficial incisional 3 (0.3) 1 (0.5) .526 0 (0.0) 0 (0.0) . . .
Deep incisional 4 (0.4) 0 (0.0) 1.000 2 (2.3) 0 (0.0) 1.000
Organ/space 2 (0.2) 1 (0.5) .428 0 (0.0) 0 (0.0) . . .

Wound disruption 0 (0.0) 0 (0.0) . . . 0 (0.0) 0 (0.0) . . .
Pneumonia 8 (0.9) 2 (1.1) .682 1 (1.2) 1 (7.7) .247
Unplanned intubation 5 (0.6) 1 (0.5) .983 0 (0.0) 0 (0.0) . . .
Pulmonary embolism 0 (0.0) 1 (0.5) .027 0 (0.0) 0 (0.0) . . .
Ventilator dependence (.48 h) 0 (0.0) 0 (0.0) . . . 0 (0.0) 0 (0.0) . . .
Progressive renal insufficiency 0 (0.0) 0 (0.0) . . . 0 (0.0) 0 (0.0) . . .
Acute renal failure 0 (0.0) 0 (0.0) . . . 0 (0.0) 0 (0.0) . . .
Urinary tract infection 6 (0.7) 1 (0.5) .849 1 (1.2) 0 (0.0) 1.000
CVA/stroke 1 (0.1) 1 (0.5) .213 0 (0.0) 0 (0.0) . . .
Cardiac arrest 1 (0.1) 2 (1.1) .022 0 (0.0) 0 (0.0) . . .
Myocardial infarction 3 (0.3) 0 (0.0) 1.000 0 (0.0) 0 (0.0) . . .
Blood transfusions 3 (0.3) 0 (0.0) 1.000 1 (1.2) 0 (0.0) 1.000
Deep venous thromboembolism 2 (0.2) 1 (0.5) .428 1 (1.2) 0 (0.0) 1.000
Septic complications
Systemic sepsis 2 (0.2) 1 (0.5) .428 1 (1.2) 0 (0.0) 1.000
Septic shock 0 (0.0) 1 (0.5) .027 0 (0.0) 0 (0.0) . . .

Reoperation 9 (1.0) 3 (1.6) .440 3 (3.5) 0 (0.0) 1.000
Extended length of stay (�5 d) 27 (3.0) 7 (3.8) .570 3 (3.5) 0 (0.0) 1.000
Unplanned readmission 31 (3.4) 8 (4.3) .551 4 (4.7) 0 (0.0) 1.000
Death 1 (0.1) 3 (1.6) .017 1 (1.2) 0 (0.0) 1.000

Abbreviations: ASA, American Anesthesiologists Association; COPD, chronic obstructive pulmonary disease; CVA, cerebral vascular accident; PM, propensity-matched.
*PM control cohort was generated by controlling for age, sex, smoking, COPD, dyspnea, hypertension, acute renal failure, disseminated cancer, wound infections,
dialysis, ASA.
Bold values indicate statistical significance at p ,0.05.
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There are various limitations to this current

retrospective study. Although baseline differences

in demographics and preoperative comorbidities

were controlled for using propensity-score match-

ing, steroid users may have presented with worse

overall health for which the database could not

account. Although propensity-score matching is a

widely accepted method of matching, the demo-

graphics and preoperative comorbidities provided

by the ACS NSQIP database do not capture the

entire medical history of each of these patients,

highlighting a limitation in the granularity of
information provided by the database. The in-

creased rates of complications seen in steroid users

may be explained by the presence of other medical

conditions, such as rheumatoid arthritis and

inflammatory bowel disease. Although we attempt-

ed to control for baseline differences in demo-

graphics and comorbidities to the best of our

ability with the information provided by the

database, this limitation underscores the need for

future research to truly elucidate the impact of

chronic steroid usage in outcomes following ACDF

for cervical stenosis. In addition, the ACS NSQIP

database does not include information as to which

specific immunosuppressants were used in each

surgical case. Although steroid use is the most

common modality of immunosuppression, more

targeted immunosuppressants are continuously
being developed. It is possible that not differenti-

ating the specific type of immunosuppression used

can introduce confounding variables to this study.

Furthermore, the ACS NSQIP database does not

provide the medical condition for which patients

were prescribed immunosuppressive therapy. Fi-

nally, the lack of differences seen in complication

rates between 1- and 2-level ACDF and 3-level

ACDF may be better explained by a significantly

smaller sample size in the multilevel fusion cohort.

The number of levels fused may serve as a proxy

for complexity of the procedure, and one may

presume that patients undergoing multilevel fu-

sions would be at a higher risk for complications.

However, our results do not support this presump-

tion and must be considered in light of the small

sample size within the propensity-matched cohort.
Future research with larger cohorts may shed

additional insight on the impact of chronic steroid

usage on outcomes following ACDF involving 3 or

more levels.

CONCLUSION

It is important to consider the preoperative
history of steroid/immunosuppressant use when
evaluating candidate patients for ACDF to treat
cervical stenosis. Previous literature has reported the
association between steroid use in various surgical
and spinal procedures and infectious complications.
This study demonstrated increased rates for PEs,
septic shock, cardiac events, and mortality in
patients on chronic steroid therapy. Future research
may investigate steroid tapering protocols that
reduce the rate or risk of infection and other
postoperative complications in the subset of immu-
nosuppressed ACDF patients. The risks and bene-
fits of surgery should be carefully weighed, and
nonoperative management options should be thor-
oughly discussed prior to operative intervention.
Presurgical involvement of cardiology, consider-
ation of postoperative DVT chemoprophylaxis, and
inpatient monitoring of these patients is recom-
mended. Furthermore, consideration of these data
will be crucial in determining bundled payment
plans in the United States.
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