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Abstract BACKGROUND CONTEXT: Postoperative C5 palsy is a well-known complication of cervical
decompression procedures. Studies have shown that posterior laminectomy and fusions confer the
greatest risk of C5 palsy. Despite this, pharmacologic preventive measures remain unknown. We hy-
pothesize that prophylactic perioperative dexamethasone (DEX) will decrease the rate of postoperative
C5 palsy in patients undergoing a multilevel posterior cervical laminectomy and fusion.
PURPOSE: The purpose of this study was to assess the safety and efficacy of prophylactic perioperative
DEX in decreasing the rate of postoperative C5 palsy.

DESIGN: This is a retrospective, single-institution clinical study.

PATIENT SAMPLE: The patient population included all patients undergoing multilevel posterior
cervical laminectomy and instrumented fusion procedures for myeloradiculopathy or myelopathy,
who also received a course of perioperative dexamethasone. Surgeries occurred between 2012 and
2017 at a single tertiary care center by a single surgeon with at least 1 year of follow-up. Patients
who underwent decompression procedures other than multilevel posterior cervical laminectomy and
instrumented fusions; had trauma, fracture; underwent decompression not including C5-level, insulin-
dependent diabetes mellitus; and had documented adverse reactions to steroids were excluded.
OUTCOME MEASURES: Preoperative demographics and postoperative complications, includ-
ing development of postoperative C5 palsy, were considered as outcome measures.

MATERIALS AND METHODS: A total of 189 consecutive patients who underwent multilevel
posterior cervical laminectomy and instrumented fusion and received prophylactic perioperative DEX
were reviewed. The rate of C5 palsy was investigated and compared with our historical control rate
of CS5 palsy before the institutional implementation of perioperative DEX. Demographics were re-
viewed, and risk factor stratification was analyzed. The safety of using DEX was investigated by
examining postoperative complications. The clinical course of patients who developed C5 palsy was
then reported.

RESULTS: Postoperative C5 palsy occurred in 5 of the 138 patients (3.6%) meeting the inclusion
criteria. Patients receiving perioperative DEX had a significantly decreased rate of postoperative C5
palsy compared with those who did not (3.6% vs. 9.5%, p=.01). Age was the only risk factor that
was significantly correlated with development of C5 palsy (72.71+7.76 vs. 61.07£10.59, p=.02). In-
fection, seroma, and wound complication rates were 2.8%, 2.17%, and 1.44%, respectively, in patients
receiving prophylactic DEX. All five patients receiving DEX who developed C5 palsy recovered with
no residual deficits at an average of 16.8 weeks postoperatively.
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CONCLUSIONS: Perioperative prophylactic DEX therapy is a safe and effective way to decrease
the incidence of C5 palsies in patients who undergo multilevel posterior laminectomy and fusion
for myeloradiculopathy or myelopathy. © 2018 Elsevier Inc. All rights reserved.
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Introduction

Posterior cervical laminectomy and fusion is a well-
established decompression procedure for treating cervical
myeloradiculopathy and is associated with relatively few com-
plications [1]. However, one of the most widely reported and
frequently discussed complications of cervical decompres-
sion surgery is postoperative palsy of the C5 nerve root [2],
with a reported incidence of up to 30% [3,4]. A C5 palsy is
defined as the unilateral or bilateral paresis of the deltoid and/
or biceps brachii muscles, with or without pain or dermatomal
sensory deficits that were not present preoperatively [5-7].
Although C5 palsies in the large majority of cases resolve
spontaneously within the first 6 months of surgery, rare reports
cite a delayed recovery of up to 2 years postoperatively [3,8,9].
Despite the overall good prognosis of this condition, indi-
viduals with postoperative C5 nerve palsies have a decreased
quality of life and an increased cost of care, especially during
the immediate postoperative period [10]. To date, research
regarding C5 nerve palsy has largely centered around its in-
cidence, risk factors, and potential pathogenesis. Relatively
few studies address the prevention of what appears to be an
iatrogenic disease, and to this point, the pharmacologic pre-
vention of C5 palsy has not been evaluated.

The pathogenesis of a postoperative C5 palsy has long
been debated and remains poorly understood. Current theo-
ries include the stretching or the tethering of the C5 nerve
root inside the neuroforamen [9,11], posterior spinal cord
drift after the decompression, excessive intraoperative trac-
tion [12], spinal cord ischemia or reperfusion injury [13,14],
inadvertent intraoperative injury to the nerve root [ 14], thermal
nerve injury secondary to high-speed burring [15], or the
existence of preoperative malrotation of the spinal cord
[16]. C5 palsies have been reported after both anterior and
posterior procedures [17]. However, it is thought that poste-
rior procedures confer a greater risk of this complication.
Of the posterior procedures, laminectomy and fusion proce-
dures have the greatest risk of a C5 palsy, with rates of
11.0% and 12.2% reported by two meta-analyses [8,18]. In
the largest case series to date, Bydon et al. observed a C5
palsy rate of 8.6% after 511 posterior cervical decompres-
sion and fusion procedures [19], whereas smaller studies
cite rates of up to 24% [20]. Prior work at our institution
examined the incidence of C5 palsies after different types
of decompression procedures, and we also observed that
the highest incidence rate (9.5%) of this complication was
after a posterior laminectomy and fusion [21].

Prevention of C5 palsies has been less rigorously studied.
Studies that assessed the prevention of C5 palsies have

done so via intraoperative neurophysiological monitoring
[22], preoperative electromyography testing [4], prophylac-
tic bilateral foraminotomies [13,23], and the use of chilled
irrigation water [24]. Results of the aforementioned studies
have been inconsistent, and optimized therapy protocols are
needed. The use of steroids after acute spinal cord injuries
(SCIs) has been investigated extensively, with some studies
showing beneficial neuroprotective effects if they are admin-
istered immediately after an SCI [25-27]. In addition to
SClIs, dexamethasone (DEX) has been shown to reduce the
incidence of cranial nerve palsies in a randomized prospec-
tive study of 1126 patients who have undergone a carotid
endarterectomy with or without perioperative intravenous
DEX [28]. Furthermore, both intravenous and local cortico-
steroids have been safely used in spine surgery to decrease
airway edema when an anterior cervical approach is used
[29,30]. However, to date, DEX has not been studied as a
prophylactic measure to prevent a cervical nerve palsy, spe-
cifically of the C5 nerve root.

The aim of the present study was therefore to compare
the incidence of a C5 palsy after a multilevel posterior
cervical laminectomy and fusion in patients who were
given prophylactic perioperative DEX therapy with that in
patients who did not receive prophylactic steroids as
previously reported by our institution [21]. The secondary
aims of this work were to assess the safety of DEX by
measuring the overall complication rate and to evaluate the
length of stay and the readmission rate of those who under-
went prophylactic therapy. Lastly, the risk factors for a
postoperative C5 palsy in our cohort were identified. We
hypothesized that prophylactic perioperative DEX adminis-
tration prior to posterior cervical laminectomy and fusion
would result in a decreased incidence of postoperative C5

palsy.

Materials and methods
Study design

This retrospective observational study included the pro-
spectively collected data of 189 consecutive patients who had
multilevel posterior laminectomy and fusion for myelopa-
thy or myeloradiculopathy. These patients were administered
prophylactic DEX via a standardized protocol during the
perioperative period. Surgeries were performed by a single
surgeon from January 2012 to January 2017 at a large aca-
demic tertiary referral center. All patients had at least 1 year
of documented follow-up. The present study was approved
by our institution’s ethics review board, and data were
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collected in a Health Insurance Portability and Accountabil-
ity Act-compliant manner.

Inclusion and exclusion criteria

Patients were included in the present study if they
underwent an isolated multilevel posterior laminectomy and
fusion and received perioperative prophylactic DEX. All
patients had multilevel stenosis with clinically disabling
cervical radiculopathy, myelopathy, or myeloradiculopathy
and failed extensive conservative treatments. Most patients
had stenosis with a good sagittal lordotic alignment. All
patients had at least two levels decompressed, all of which
included the C5 level. Our inclusion criteria were similar to
those of the previously published study from our institution
[21].

Patients were excluded from the present study if they had
a history of a trauma, tumor, any cervical fractures; re-
ported a prior sensitivity or adverse reaction to steroids; had
a concurrent anterior procedure; lacked adequate follow-up
data; had an SCI that prevented pre- or postoperative motor
testing, or had insulin-dependent diabetes mellitus.

Experimental protocol

All subjects received a 10-mg loading dose of intrave-
nous DEX at the time of the initial incision, followed by 8 mg
of DEX every 8 hours for 24 hours postoperatively. All pa-
tients received DEX unless allergies or an adverse reaction
to steroids was documented, or the patient had insulin-
dependent diabetes. Hard cervical collars were placed on all
patients for 3 weeks postoperatively, followed by soft collars
for an additional 3 weeks.

Hospital and intensive care unit lengths of stay were re-
corded. Complications were reported for the entire DEX group,
which included infection, seroma, wound healing complica-
tions, epidural hematoma, pulmonary embolus, deep venous
thrombosis, nerve complication other than C5 palsy, return
to the operating room (OR), 90- and 365-day readmissions,
and mortality.

C5 palsies were assessed clinically during the postoper-
ative inpatient stay and during clinical follow-up. Age, time
of onset, residual deficit, and time until maximal improve-
ment were reported for those patients in whom postoperative
C5 nerve palsy was present. The C5 palsy rates of those
patients who were enrolled in our prophylactic steroid pro-
tocol were compared with those we previously reported of
patients who did not receive steroids, hereafter referred to
as our historical control group [21]. The surgical proce-
dures and indications in the control group were identical to
those used in our treatment group. The surgical technique
for decompression in the historical control group was iden-
tical to that in the treatment group. Additionally, there was
no change in intraoperative positioning, neuromonitoring,
use of traction, or instrumentation between the two groups.

Furthermore, there was no use of any other prophylactic
measures for C5 palsy in both the historical control group
and the treatment group (DEX only). Specifically, prophy-
lactic foraminotomies, limited-width laminectomy, or the
use of chilled irrigation water was not implemented in either
the control or the treatment group.

Statistical analysis

Data were summarized as meantstandard deviation or fre-
quency (percentage).

Risk factors were compared between those patients who
received perioperative DEX and were diagnosed with a post-
operative C5 palsy and those who did not. Risk factor analysis
included age, gender, obesity, smoking status, diabetes status,
Charlson Comorbidity Index (CCMI), preoperative sagittal
alignment (measured by the C2—C7 Cobb angle on neutral
lateral cervical radiographs), preoperative C5 radiculopathy,
the presence of ossification of the posterior longitudinal lig-
ament, the number of levels decompressed, revision surgery,
prior anterior cervical decompression and fusion, and prior
upper extremity surgery. A C2—-C7 Cobb angle of <0° was
considered kyphotic, 0—-10° was considered neutral, and >10°
was considered lordotic. Statistical analysis was performed
via one-sample exact test of proportion, Student 7 test,
Wilcoxon rank-sum test, and Fisher exact test. Statistical sig-
nificance was placed at a p-value of <.05. All analyses were
performed with SAS version 9.1.3 (SAS Institute Inc, Cary,
NC, USA).

Results

Of the 189 initial patients collected during the study period,
51 were eliminated on the basis of the exclusion criteria: 10
(19.6%) for a trauma or fracture, 23 (45%) for decompres-
sions at levels other than C5, and 18 (35%) who did not receive
prophylactic perioperative DEX because of comorbidities or
patient factors (Figure).

The 138 remaining patients all had follow-up data of at
least 1 year and consisted of 55 women (39.9%) and 83 men
(60.1%). The mean age of the patients was 61.49+10.71 years
(range, 31-90), and their mean body mass index was 31.04
(£6.54). Three patients (2.2%) had previously undergone a
posterior surgery and 25 (18.1%) had a prior anterior cervi-
cal decompression and fusion. The mean number of
decompressed levels was 4.4510.82. The mean sagittal align-
ment as measured by the C2—C7 Cobb angle was 10.96°+6.76
(=3° to 33°) for the entire group. Demographics were similar
to those of our institution’s previous analysis, which in-
cluded a total of 116 patients who underwent a laminectomy
and fusion. Data for the entire sample are summarized in
Table 1.

The overall incidence of a C5 nerve palsy in patients who
received prophylactic perioperative DEX was 5 of 138 (3.6%).
This rate was significantly less (p=.01, confidence interval:
0.01-0.08) than that of the historical controls (9.5%, 11 of
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Patients Undergoing Multilevel
Posterior Laminectomy and Fusion
(single tertiary care center; single surgeon)

Jan 2012-Jan 2017
N=189 (100%)

Excluded Patients
Trauma or Fracture
N=10 (5.3%)

!

Excluded Patients
Decompression other
than C5
N=23 (12.2%)

!

Excluded Patients
No Dexamethasone
(Insulin-dependent
Diabetes, Allergy, Adverse
reaction)

N=18 (9.5%)

v

Total Excluded
N=51 (26.9%)

Included Patients
N=138 (73.02%)

Figure. Flow diagram of the patients included in the study.

116) [21]. Age was found to be the only independent pre-
dictor of a C5 nerve palsy. Patients who developed a palsy
were 10 years older on average (72.71£7.76 vs. 61.07+£10.59,
p=-02). Body mass index (32.88%4.58 vs. 30.9716.60, p=.40),
gender (p=.65), preoperative sagittal alignment (p=.75), pres-
ence of preoperative C5 radiculopathy (p=.90), and all other
outcomes or patient factors were equivocal (Table 2).

The infection, seroma, and wound complication rates were
2.89% (4), 2.17% (3), and 1.44% (2), respectively, for pa-
tients who received prophylactic DEX. No complications
occurred in a patient who developed a C5 nerve palsy. Nerve
complications other than a C5 palsy occurred in 3 subjects
(2.17%). These included a 37-year-old man who sustained
a traumatic disc rupture after a ground-level fall 1 month post-
operatively, and the other two had adjacent segment
radiculopathy at the C8 level more than 1 year postopera-
tively. Fourteen patients (10.8%) were readmitted within a
year of surgery. Five (3.62%) were readmitted within 90 days
for a trauma (2), infection (1), or a pulmonary embolus (2).
Seven patients went back to the OR within the first year, one
for perioperative epidural hematoma, one secondary to post-
operative cervical trauma, one for an asymptomatic non-
union, one for adjacent segment disease, one for irrigation
and debridement of a surgical site infection, and two for lumbar

Table 1

Total demographic data and results

Total (N) 138

Age at OR, meant+SD 61.49+10.71

Gender, n (%)

BMI, meantSD
Smoker, n (%)
Diabetes status, n (%)

CCMI, meantSD

Preop C2-C7 Cobb angle, mean+SD
(range)

Preop sagittal alignment, n (%)

PSF levels, n (%)

Laminectomy levels, n (%)

Revision posterior surgery, n (%)
Prior ACDEF, n (%)

Prior upper extremity surgery, n (%)
ICU stay, n (%)

Days in ICU, mean

Hospital stay, mean+SD

Female, 55 (39.9)

Male, 83 (60.1)

31.04+6.54

49 (35.5)

No diabetes, 102 (73.9)

Diabetes, 26 (18.8)

With organ damage, 10 (7.3)
1.14+1.61

Overall: 10.96°16.76° (-3° to 33°)

Lordotic (>10°), 81 (58.7)
Neutral (0-10°), 52 (37.6)
Kyphotic (<0°), 5 (3.62)
C2-T1,9(6.5)
C2-T2,3(2.2)
C3-C6,4 (2.9)

C3-C7, 92 (66.6)
C3-T1, 15 (10.9)
C3-T2,2(1.4)
C4-C7,2(1.4)
C4-T1,2(1.4)
C5-C7,1(0.7)
C5-T1,1(0.7)
C2-C6,2 (1.4)
C2-C7,9 (6.5)
C3-C5,6 (4.3)

C3-C6, 31 (22.4)
C3-C7, 58 (42.1)
C4-C5,3(2.2)

C4-C6, 10 (7.2)
C4-C7,7 (5.1)
C5-C7,6 (4.3)

3(2.2)

25 (18.1)

22 (15.9)

4(2.9)

4.75

4.05£2.37

OR, operating room; SD, standard deviation; BMI, body mass index;
CCMLI, Charlson Comorbidity Index; PSF, posterior spinal fusion; ACDF,
anterior cervical decompression and fusion; ICU, intensive care unit; preop,
preoperative.

surgery unrelated to their cervical spine. Only one patient with
C5 nerve palsy was readmitted and went back to the OR, al-
though this readmission was for lumbar surgery. The 1-year
mortality rate was 0.72% (1/138), which occurred second-
ary to complications of late undiagnosed metastatic lung cancer
unrelated to the patients’ cervical spine. Complications are
listed in Tables 3-5.

The time of the initial onset of C5 palsy symptoms ranged
from immediately postoperatively to 2 weeks after surgery.
Two of five patients (40%) had bilateral C5 palsies. None of
the patients with postoperative C5 palsy had any
neuromonitoring alerts intraoperatively. All C5 palsies com-
pletely resolved without any residual pain or motor or sensory
deficit at the final follow-up. The time until maximal recov-
ery ranged from 2 to 10 months postoperatively, with a mean
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Table 2
Risk factor analysis for development of C5 palsy
CS5 palsy No C5 palsy

Risk factor n=5 n=133 p-Value, test
Age, meantSD 72.71+7.76 61.07+10.59 .02, 1 test
BMI, meantSD 32.88+4.58 30.97+6.60 .40, Wilcoxon rank-sum test
Women, n (%) 1(20.0) 54 (40.6) .65, Fisher exact test
Revision posterior surgery, n (%) 0(0.0) 3.3 1.00, Fisher exact test
Smoker, n (%) 1(20.0) 48 (36.1) .66, Fisher exact test
Diabetes status, n (%) .05, Fisher exact test

No diabetes 3 (60.0) 99 (74.4)

Diabetes 0(0.0) 26 (19.6)

Diabetes with organ damage 2 (40.0) 8 (6.0)
Preop sagittal alignment 11.6°+4.45 10.94°+6.85 .75, Wilcoxon rank-sum test
Preop C5 radiculopathy, n (%) 2 (40) 49 (36.8) .90, 1 test
Presence of OPLL, n (%) 0(0) 1(0.75) N/A
CCMI, mean+SD 2.60+2.07 1.08+1.58 .06, Wilcoxon rank-sum test
Prior ACDF, n (%) 1(20.0) 24 (18.1) 1.00, Fisher exact test
Number of laminectomy levels, meant+SD 4.80£1.10 4.44+0.86 .29, Wilcoxon-rank sum test
Length of stay, mean+SD 5.00£2.00 4.02+2.39 .13, Wilcoxon-rank sum test

SD, standard deviation; BMI, body mass index; OPLL, ossification of the posterior longitudinal ligament; ACDF, anterior cervical decompression and
fusion; CCMI, Charlson Comorbidity Index; N/A, not applicable; preop, preoperative.

Note: Bold indicates significance.

recovery of 16.8 weeks. Four of five C5 palsies recovered
within 3 months, and all were treated with physical therapy.
Residual deficits were defined as the failure of either the deltoid
or the biceps brachii muscles to return to their full motor
strength, a sensory deficit in the C5 distribution, or in-
creased pain in the C5 distribution compared with the patient’s
preoperative status (Table 6).

Discussion

CS5 palsies after a cervical decompression have been widely
documented in the literature, although their pathogenesis con-
tinues to be debated. Until this point, studies have mainly
focused on the incidence, predisposing factors, clinical out-
comes, and potential pathogenesis of C5 palsies
[2,3,8,9,18,31-34]. However, despite the known risk of a C5
palsy, studies that evaluate the prevention of this complica-
tion have been far less robust. The present study is the first
to our knowledge to comparatively assess the effectiveness
of a perioperative prophylactic course of DEX therapy on the
prevention of a postoperative C5 palsy. We showed that a pro-
phylactic course of perioperative DEX was both safe and
effective at significantly decreasing the rate of C5 nerve palsies
after a multilevel posterior laminectomy and fusion com-
pared with our institution’s historical controls (9.5% vs. 3.6%,

Table 3

Complication rate for patients receiving DEX

Complication, n (%) Total, N=138
Infection 4(2.89)
Seroma 3(2.17)
Epidural hematoma 1(0.72)
Wound complication 2 (1.44)
Other nerve complications 3(2.17)
Readmission 14 (10.14)
Return to OR 7(5.07)
1-y mortality 1(0.72)

p=.02).

ICU admission, n (range) (%) 4 (1-11 d) (2.89)
Pulmonary embolus 2(1.44)
Mortality 1(0.72)

DEX, dexamethasone; OR, operating room; ICU, intensive care unit.

Table 4

Return to OR within 1 year post operation

Return to OR, n (%) Reason

7(5.07) Epidural hematoma

Cervical trauma after GLF
Non-union of PSF

Adjacent segment disease (2)
Infection

Lumbar surgery (2)*

GLF, ground-level fall; PSF, posterior spinal fusion.
* Indicates patients with C5 palsy.

Beyond its clinical benefits, the present study suggests that
the use of prophylactic steroids is safe. In our work, rates of
infection (2.89%), epidural hematoma (0.72%), wound

Table 5
Ninety- and 365-day readmissions to the hospital

90-d readmissions (N=5) 365-d readmissions (N=8)

Ground-level fall (2)
SSI infection (1)
Pulmonary embolus (2)

Symptomatic non-union (1)
Respiratory failure (1)
Adjacent segment disease (1)
Pneumonia (1)

Lumbar surgery (1)

MI (1)

General surgery (1)

Drug overdose (1)

SSI, surgical site infection; MI, myocardial infarction.
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Table 6
Clinical course of patients with postoperative C5 palsy
Preop  Intraop Time to

Preop sagittal ~ Preop C5 NM Lowest maximal Lami Residual
Age Gender BMI CCMI alignment (°) weakness radic.  Alert Laterality ~ Onset MMT recovery (wk) levels deficit
70 F 40.6 3 11 No Yes None Right PODI 3/5 8 C4-C6 None
75 M 290 4 9 No No None Bilateral POD1 3/5 12 C3-C7 None
61 M 328 0 15 No No None Left PODI14  2/5 12 C3-C7 None
80 M 30.0 1 6 No Yes None Left POD1 3/5 40 C3-C7 None
77 M 320 5 17 No No None Bilateral PODS5 2/5 12 C2-C7 None

BMI, body mass index; CCMI, Charlson Comorbidity Index; POD, postoperative day; MMT, Manual Muscle Test; radic., radiculopathy; NM, neuromonitoring;

F, female; M, male; preop, preoperative; intraop, intraoperative.

complication (1.44%), and pulmonary embolus (1.44%) were
similar to those of prior literature [35-37]. The length of stay
for the entire cohort was a mean of 4 days, 2.89% required
an intensive care unit admission during their stay, and there
was a 90-day readmission rate of 3.6% (a total of five, two
of which were secondary to a low energy trauma unrelated
to their cervical surgery). The return to OR rate was only
5.07% (a total of seven). These findings demonstrate that a
prophylactic dose of DEX has a safety profile that is con-
sistent with current rates in the literature for patients
undergoing posterior laminectomy and fusion [35,38].

Despite the use of DEX, 5 of the 138 patients still devel-
oped a postoperative C5 palsy. However, all recovered without
a residual deficit, and 80% (4/5) recovered within the first 3
months after surgery. Only age was a significant predictor of
a CS5 palsy (p=.02).

A strength of the present study was its strict inclusion cri-
teria, as we addressed only the procedure most commonly
associated with a C5 palsy [8,18-21,39]. This led to a ho-
mogenous dataset and the greatest potential for observing true
differences in the rates of a C5 palsy. Furthermore, our in-
clusion and exclusion criteria were identical to those of our
historical controls, and all procedures were performed at the
same institution. A potential confounder is that a different
single surgeon performed every procedure in each cohort.
However, we believe that the consistent surgical technique
and patient base between the historical control and treat-
ment groups and the profound significance observed in the
present study suggest that our findings are reliable.

Current strategies to prevent a C5 palsy currently rely on
either continuous neurophysiological monitoring with con-
tinuous electromyography, transcranial electrical stimulation-
induced intraoperative MEPs [40,41], or a prophylactic bilateral
microforaminotomy [13,23]. However, the sensitivity and ef-
ficacy of the aforementioned techniques remain a subject of
debate in the literature [6,13,42,43]. Newer studies that dem-
onstrate the potential for therapeutic C5 palsy prevention have
done so with either chilled irrigation, which is meant to reduce
the risk of a thermal injury to the nerve roots [24], or a limited-
width laminectomy to prevent the dorsal drift of the spinal
cord [44]. All of the current C5 palsy prevention strategies
take into account some form of nerve injury via traction, com-
pression, thermal injury, or perioperative inflammation related

to the trauma caused by surgery [28]. Similar to theories es-
poused by vascular and neurosurgery work [25,26,28,30,45,46],
we hypothesized that iatrogenic trauma and inflammation may
play a role in the development of a perioperative C5 palsy.
In combination with the effectiveness of DEX at improving
acute spinal cord and cranial nerve injuries in carotid end-
arterectomy, we hypothesized that administering DEX during
a multilevel posterior laminectomy and fusion procedure will
prevent postoperative C5 palsy.

There are several limitations to the present study, the most
prominent of which is the lack of a true concurrent control.
We minimized this bias by strictly adhering to the same in-
clusion criteria that were used in the previous study and by
choosing the surgical approach most associated with a C5
palsy. Our definition of a C5 palsy was also the same between
cohorts, circumventing any diagnostic differences. Our his-
torical controls were from a time period before the institutional
implementation of steroid prophylaxis, which we believe serves
as an unbiased control. However, this made the direct com-
parison of complications between the two cohorts difficult.
Further limitations include the retrospective nature of the
present study, with the inherent bias thereof. Despite these
limitations, we feel that these data may serve as the basis for
future large multi-institutional validation studies for this novel
preventative measure.

Conclusions

Perioperative prophylactic DEX therapy is a safe and ef-
fective way to decrease the incidence of C5 palsies in patients
who undergo a multilevel posterior laminectomy and fusion
for myeloradiculopathy or myelopathy. The efficacy of DEX
highlights the potential role of perioperative inflammation,
in addition to a direct injury as the potential pathogenesis of
a C5 palsy. We therefore recommend that surgeons consider
using DEX prophylaxis in isolation or in combination with
current strategies to prevent a C5 palsy. We believe that the
data represented in the present study can act as the basis for
larger randomized trials.

References

[1] Wang SJ, Jiang SD, Jiang LS, Dai LY. Axial pain after posterior cervical
spine surgery: a systematic review. Eur Spine J 2011;20:185-94.


http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0010
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0010

M.E. Dombrowski et al. / The Spine Journal 19 (2019) 253-260 259

[2] Pan FM, Wang SJ, Ma B, Wu DS. C5 nerve root palsy after posterior
cervical spine surgery: a review of the literature. J Orthop Surg
2017;25:2309499016684502.

[3] Sakaura H, Hosono N, Mukai Y, Ishii T, Yoshikawa H. C5 palsy after
decompression surgery for cervical myelopathy: review of the literature.
Spine 2003;28:2447-51.

[4] Sasai K, Saito T, Akagi S, Kato I, Ohnari H, lida H. Preventing C5
palsy after laminoplasty. Spine 2003;28:1972-7.

[5] Hashimoto M, Mochizuki M, Aiba A, et al. C5 palsy following anterior
decompression and spinal fusion for cervical degenerative diseases. Eur
Spine J 2010;19:1702-10.

[6] Imagama S, Matsuyama Y, Yukawa Y, et al. C5 palsy after cervical
laminoplasty: a multicentre study. J Bone Joint Surg Br 2010;92:393—
400.

[7] Nakashima H, Imagama S, Yukawa Y, et al. Multivariate analysis of
C-5 palsy incidence after cervical posterior fusion with instrumentation.
J Neurosurg Spine 2012;17:103-10.

[8] Shou F, Li Z, Wang H, Yan C, Liu Q, Xiao C. Prevalence of C5 nerve
root palsy after cervical decompressive surgery: a meta-analysis. Eur
Spine J 2015;24:2724-34.

[9] Guzman JZ, Baird EO, Fields AC, et al. C5 nerve root palsy following
decompression of the cervical spine: a systematic evaluation of the
literature. Bone Joint J 2014;96 B:950-5.

[10] Miller JA, Lubelski D, Alvin MD, Benzel EC, Mroz TE. C5 palsy after
posterior cervical decompression and fusion: cost and quality-of-life
implications. Spine J 2014;14:2854-60.

[11] Baba S, Tkuta K, Ikeuchi H, et al. Risk factor analysis for C5 palsy
after double-door laminoplasty for cervical spondylotic myelopathy.
Asian Spine J 2016;10:298-308.

[12] Liu T, Zou W, Han Y, Wang Y. Correlative study of nerve root palsy
and cervical posterior decompression laminectomy and internal fixation.
Orthopedics 2010;33:doi:10.3928/01477447-20100625-08.

[13] Komagata M, Nishiyama M, Endo K, TIkegami H, Tanaka S, Imakiire
A. Prophylaxis of C5 palsy after cervical expansive laminoplasty by
bilateral partial foraminotomy. Spine J 2004;4:650-5.

[14] Hasegawa K, Homma T, Chiba Y. Upper extremity palsy following
cervical decompression surgery results from a transient spinal cord
lesion. Spine 2007;32:E197-202.

[15] Hosono N, Miwa T, Mukai Y, Takenaka S, Makino T, Fuji T. Potential
risk of thermal damage to cervical nerve roots by a high-speed drill.
J Bone Joint Surg Br 2009;91:1541-4.

[16] Eskander MS, Balsis SM, Balinger C, et al. The association between
preoperative spinal cord rotation and postoperative C5 nerve palsy. J
Bone Joint Surg Am 2012;94:1605-9.

[17] Basaran R, Kaner T. C5 nerve root palsy following decompression of
cervical spine with anterior versus posterior types of procedures in
patients with cervical myelopathy. Eur Spine J 2016;25:2050-9.

[18] Wang T, Wang H, Liu S, Ding WY. Incidence of C5 nerve root palsy
after cervical surgery. Medicine (Baltimore) 2017;96:e8560.

[19] Bydon M, Macki M, Kaloostian P, et al. Incidence and prognostic
factors of C5 palsy: a clinical study of 1001 cases and review of the
literature. Neurosurgery 2014;74:595-604.

[20] Blizzard DJ, Gallizzi MA, Sheets C, et al. The role of iatrogenic
foraminal stenosis from lordotic correction in the development of C5
palsy after posterior laminectomy and fusion. J Orthop Surg
2015;10:160.

[21] Nassr A, Eck JC, Ponnappan RK, Zanoun RR, Donaldson Tii WF, Kang
JD. The incidence of C5 palsy after multilevel cervical decompression
procedures: a review of 750 consecutive cases. Spine 2012;37:174-8.

[22] Fan D, Schwartz DM, Vaccaro AR, Hilibrand AS, Albert TJ.
Intraoperative neurophysiologic detection of iatrogenic C5 nerve root
injury during laminectomy for cervical compression myelopathy. Spine
2002;27:2499-502.

[23] Katsumi K, Yamazaki A, Watanabe K, Ohashi M, Shoji H. Can
prophylactic bilateral C4/C5 foraminotomy prevent postoperative C5
palsy after open-door laminoplasty? A prospective study. Spine
2012;37:748-54.

[24] Takenaka S, Hosono N, Mukai Y, Tateishi K, Fuji T. Significant
reduction in the incidence of C5 palsy after cervical laminoplasty using
chilled irrigation water. Bone Joint J 2016;98-B:117-24.

[25] Bracken MB. Steroids for acute spinal cord injury. Cochrane Database
Syst Rev 2012;(1):CD001046.

[26] Bydon M, Lin J, Macki M, Gokaslan ZL, Bydon A. The current role
of steroids in acute spinal cord injury. World Neurosurg 2014;82:848—
54.

[27] Hurlbert RJ. The role of steroids in acute spinal cord injury: an
evidence-based analysis. Spine 2001;26(24 Suppl.):S39-46.

[28] Regina G, Angiletta D, Impedovo G, De Robertis G, Fiorella M, Carratu
MR. Dexamethasone minimizes the risk of cranial nerve injury during
CEA. J Vasc Surg 2009;49:99-102 [discussion 3].

[29] Jeyamohan SB, Kenning TJ, Petronis KA, Feustel PJ, Drazin D, DiRisio
DJ. Effect of steroid use in anterior cervical discectomy and fusion: a
randomized controlled trial. J Neurosurg Spine 2015;23:137-43.

[30] Song KIJ, Lee SK, Ko JH, Yoo MJ, Kim DY, Lee KB. The clinical
efficacy of short-term steroid treatment in multilevel anterior cervical
arthrodesis. Spine J 2014;14:2954-8.

[31] Kalisvaart MM, Nassr A, Eck JC. C5 palsy after cervical decompression
procedures. Neurosurg Q 2009;19:276-82.

[32] Gu Y, Cao P, Gao R, et al. Incidence and risk factors of C5 palsy
following posterior cervical decompression: a systematic review. PLoS
ONE 2014;9:101933.

[33] Epstein N, Hollingsworth R. C5 nerve root palsies following cervical
spine surgery: a review. Surg Neurol Int 2015;6:S154-63.

[34] Kritzig T, Mohme M, Mende KC, Eicker SO, Floeth FW. Impact of
the surgical strategy on the incidence of C5 nerve root palsy in
decompressive cervical surgery. PLoS ONE 2017;12:e0188338.

[35] Fehlings MG, Smith JS, Kopjar B, et al. Perioperative and delayed
complications associated with the surgical treatment of cervical
spondylotic myelopathy based on 302 patients from the AOSpine North
America Cervical Spondylotic Myelopathy Study. J Neurosurg Spine
2012;16:425-32.

[36] Jalai CM, Worley N, Poorman GW, Cruz DL, Vira S, Passias PG.
Surgical site infections following operative management of cervical
spondylotic myelopathy: prevalence, predictors of occurrence, and
influence on peri-operative outcomes. Eur Spine J 2016;25:1891-6.

[37] Wang T, Tian XM, Liu SK, Wang H, Zhang YZ, Ding WY. Prevalence
of complications after surgery in treatment for cervical compressive
myelopathy: a meta-analysis for last decade. Medicine (Baltimore)
2017;96:e6421.

[38] Tetreault L, Ibrahim A, Coté P, Singh A, Fehlings MG. A systematic
review of clinical and surgical predictors of complications following
surgery for degenerative cervical myelopathy. J Neurosurg Spine
2016;24:77-99.

[39] Lee SH, Suk KS, Kang KC, et al. Outcomes and related factors of C5
palsy following cervical laminectomy with instrumented fusion
compared with laminoplasty. Spine 2016;41:E574-9.

[40] Jimenez JC, Sani S, Braverman B, Deutsch H, Ratliff JK. Palsies of
the fifth cervical nerve root after cervical decompression: prevention
using continuous intraoperative electromyography monitoring. J
Neurosurg Spine 2005;3:92-7.

[41] Bose B, Sestokas AK, Schwartz DM. Neurophysiological detection of
iatrogenic C-5 nerve deficit during anterior cervical spinal surgery. J
Neurosurg Spine 2007;6:381-5.

[42] Spitz S, Felbaum D, Aghdam N, Sandhu F. Delayed postoperative C5
root palsy and the use of neurophysiologic monitoring. Eur Spine J
2015;24:2866-71.

[43] Tanaka N, Nakanishi K, Fujiwara Y, Kamei N, Ochi M. Postoperative
segmental C5 palsy after cervical laminoplasty may occur without
intraoperative nerve injury: a prospective study with transcranial electric
motor-evoked potentials. Spine 2006;31:3013-17.

[44] Nori S, Aoyama R, Ninomiya K, et al. Cervical laminectomy of limited
width prevents postoperative C5 palsy: a multivariate analysis of 263
muscle-preserving posterior decompression cases. Eur Spine J
2017;26:2393-403.


http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0015
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0015
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0015
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0020
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0020
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0020
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0025
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0025
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0030
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0030
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0030
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0035
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0035
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0035
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0040
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0040
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0040
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0045
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0045
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0045
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0050
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0050
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0050
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0055
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0055
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0055
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0060
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0060
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0060
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0065
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0065
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0065
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0070
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0070
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0070
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0075
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0075
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0075
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0080
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0080
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0080
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0085
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0085
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0085
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0090
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0090
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0090
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0095
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0095
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0100
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0100
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0100
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0105
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0105
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0105
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0105
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0110
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0110
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0110
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0115
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0115
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0115
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0115
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0120
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0120
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0120
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0120
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0125
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0125
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0125
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0130
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0130
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0135
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0135
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0135
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0140
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0140
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0145
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0145
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0145
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0150
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0150
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0150
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0155
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0155
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0155
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0160
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0160
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0165
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0165
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0165
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0170
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0170
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0175
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0175
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0175
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0180
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0180
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0180
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0180
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0180
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0185
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0185
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0185
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0185
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0190
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0190
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0190
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0190
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0195
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0195
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0195
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0195
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0200
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0200
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0200
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0205
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0205
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0205
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0205
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0210
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0210
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0210
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0215
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0215
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0215
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0220
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0220
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0220
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0220
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0225
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0225
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0225
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0225

260 M.E. Dombrowski et al. / The Spine Journal 19 (2019) 253-260

[45] Kakisis JD, Antonopoulos CN, Mantas G, Moulakakis KG, Sfyroeras [46] Sayer FT, Kronvall E, Nilsson OG. Methylprednisolone
G, Geroulakos G. Cranial nerve injury after carotid endarterectomy: treatment in acute spinal cord injury: the myth challenged through
incidence, risk factors, and time trends. Eur J Vasc Endovasc Surg a structured analysis of published literature. Spine J 2006;6:335—

2017;53:320-35. 43.


http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0230
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0230
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0230
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0230
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0235
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0235
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0235
http://refhub.elsevier.com/S1529-9430(18)30256-0/sr0235

	 Prophylactic perioperative dexamethasone decreases the incidence of postoperative C5 palsies after a posterior cervical laminectomy and fusion
	 Introduction
	 Materials and methods
	 Study design
	 Inclusion and exclusion criteria
	 Experimental protocol
	 Statistical analysis

	 Results
	 Discussion
	 Conclusions
	 References


