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Perioperative Complications of Surgery
for Degenerative Cervical Myelopathy:
A Comparison Between 3 Procedures
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Abstract

Study Design: Retrospective comparative study.

Objectives: To compare the perioperative complications of propensity score-matched cohorts of patients with degenerative
cervical myelopathy (DCM), who were treated with anterior cervical discectomy and fusion (ACDF), posterior laminectomy with
fusion, or laminoplasty.

Methods: The Humana PearlDiver Patient Record Database was queried using the International Classification of Diseases (ICD-
9 and ICD-10) and the Current Procedural Terminology (CPT) codes. Propensity score-matched analysis was done using multiple
Chi-squared tests with Bonferroni correction of the significance level.

Results:Cohorts of 11,790 patients who had ACDF, 2,257 patients who had posterior laminectomy with fusion, and 477 patients
who had laminoplasty, were identified. After propensity score matching, all the 3 groups included 464 patients. The incidence of
dysphagia increased significantly following ACDF compared to laminoplasty, P< 0.001, and in laminectomy with fusion compared
to laminoplasty, P< 0.001. The incidence of new-onset cervicalgia was higher in ACDF compared to laminoplasty, P ¼ 0.005, and
in laminectomy with fusion compared to laminoplasty, P ¼ 0.004. The incidence of limb paralysis increased significantly in
laminectomy with fusion compared to ACDF, P ¼ 0.002. The revision rate at 1 year increased significantly in laminectomy with
fusion compared to laminoplasty, P < 0.001, and in ACDF compared to laminoplasty, P < 0.001.

Conclusions: The incidence of dysphagia following laminectomy with fusion was not different compared to ACDF. Postoperative
new-onset cervicalgia and revisions were least common in laminoplasty. The highest rate of postoperative limb paralysis was
noticed in laminectomy with fusion.

Keywords
degenerative cervical myelopathy, cervical spinal stenosis, ACDF, laminectomy and fusion, laminoplasty, propensity score
matching

Introduction

With increasing age, spondylotic changes encroach on the

spinal canal width, and a considerable proportion of the popu-

lation shows radiological signs of spondylosis.1-3 Intervertebral

disc degeneration is the initial step in the spine degenerative

changes.4,5 Progressive degeneration is characterized by liga-

mentum flavum hypertrophy, facet arthropathy, generation of

osteophytes, and/or ossification of the posterior longitudinal

ligament, which cause spinal canal diameter narrowing.1,4-7

Cervical spinal stenosis can cause myelopathy, impairing the

extremity functions and causing gait disturbances, due to direct
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compression, or blood flow compromise as a result of vascular

compression, with repeated trauma during flexion and exten-

sion movements.2,8,9

The term degenerative cervical myelopathy (DCM) has been

used as an overarching term to describe various cervical spine

degenerative conditions.10,11 The majority of patients with

degenerative cervical myelopathy need surgery to decompress

the cervical spine and halt the development or deterioration of

neurological deficits.7,12 The surgical options may include ante-

rior, posterior, or combined approaches.13,14 Anterior cervical

discectomy and fusion (ACDF) involves the decompression of

the neural elements by removal of the disc material and posterior

osteophytes, followed by disc space distraction and height

restoration by a structural interbody graft.15,16 In addition to

neural decompression, ACDF is effective for restoring cervical

lordosis.17 Despite the reported advantages of ACDF, some

complications can occur, including dysphagia, hoarseness of

voice, and hardware failure.15,18,19 Cervical laminectomy with

instrumented fusion allows spinal cord decompression with

immediate stability, therefore, prevents the development of

kyphotic deformity.20,21 However, this approach is associated

with some pitfalls like screw-related neurovascular injury, neu-

rologic deterioration, and non-fusion.22,23 Cervical laminoplasty

has been considered to be effective in multilevel cervical degen-

erative stenosis.24,25 In the open-door technique, hinges are cre-

ated to elevate the lamina to widen the stenosed spinal canal to

decompress the spinal cord. Plates are placed on the open side of

the lamina to prevent reclosure of the opened lamina.26,27 How-

ever, some complications have been reported, including C5

palsy and progressive kyphosis.27-29

No previous study compared the perioperative complications

of different surgical procedures for degenerative cervical myelo-

pathy using matched patients’ cohorts. Therefore, we conducted

a retrospective nationwide study, which included a propensity

score-matched large cohort of patients, to compare the periopera-

tive complications, reoperations, and 30-day readmission rates of

ACDF, posterior laminectomy with fusion, and laminoplasty in

patients with cervical degenerative cervical myelopathy.

Methods

Data source

This nationwide study used the Humana subset of the PearlDi-

ver Patient Record Database (PearlDiver Technologies, Color-

ado Springs, CO, USA), a commercially available database

with medical records of over 25 million patients from 2007

through the first quarter of 2017. This study has been carried

out in accordance with relevant regulations of the US Health

Insurance Portability and Accountability Act (HIPAA).

Patient Population

We retrospectively reviewed patients with degenerative cervi-

cal myelopathy who had undergone ACDF, laminectomy with

fusion, or laminoplasty, at 2 or 3 spinal levels, from 2007 to the

end of the first quarter of 2016 with a minimum of 1-year

follow-up period.

Data Collection

The database was queried using the International Classification

of Diseases (ICD-9-CM and ICD-10-CM) codes to identify

patients diagnosed with degenerative cervical myelopathy.

These codes included ICD-9-D-7230, ICD-9-D-7211, ICD-

10-D-M4802, and ICD-10-D-M4712. Then, the Current Proce-

dural Terminology (CPT) codes were used to identify patients

who had undergone ACDF (CPT-22551 and CPT-22554),

laminectomy with fusion (CPT-63001, CPT-63015, CPT-

63045, and CPT-22600), or laminoplasty with reconstruction

of the posterior bony elements (CPT-63051). Two and 3-level

procedures were identified using addon codes for ACDF

(22552), laminectomy with fusion (22614), and laminoplasty

(modifier 52 of reduced service), Table 1. Patients with infec-

tions, fractures, trauma, or previous surgeries were excluded

from the study.

The database was then queried to identify the perioperative

surgical and medical complications and reoperations during or

following each of the primary procedures, using the relevant

ICD-9-CM, ICD-10-CM, and CPT codes (Table 2). The peri-

operative complications were defined as that occurred during

the primary procedure, within 1, 3, 6, or 12 months following

the surgery.

The demographic criteria of patients, including age, gender,

hospital setting, geographical area, year of the procedure, and

the Charlson Comorbidity Index (CCI),30 an index predicting

the 10-year survival rate in patients with comorbidities, were

identified.

Perioperative Complications

Surgical complications included intraoperative dural tear,

spinal cord injury, and nerve root injury, postoperative wound

complications, including hemorrhage, hematoma, seroma,

wound disruption, non-healing wound, and surgical site infec-

tion within 1 and 3 months, dysphagia, dysphonia, new-onset

cervicalgia that was not present preoperatively, limb paralysis

(monoplegia, diplegia, paraplegia, or quadriplegia) within 1

month, and cervical kyphosis within 6 and 12 months.

Medical complications included pulmonary embolism (PE)

or deep venous thrombosis (DVT) within 3 months, cerebro-

vascular accident (CVA), myocardial infarction (MI), pneumo-

nia, respiratory failure, renal failure, sepsis, and urinary tract

infection within 1 month.

Reoperations

Reoperations included incision and drainage, exploration or

evacuation within 1 and 3 months postoperatively, hardware

removal, and revision surgeries within 1 year.
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Statistical Analysis

Results were reported as numbers, percentages, and incidence

per 100000 Humana insured patients. One-way ANOVA test

was used to compare the mean CCI between the 3 groups.

Propensity score matching was conducted to control the poten-

tial confounding factors, including age, gender, and CCI. Pair-

wise Chi-squared tests with the Bonferroni correction of the

significance level (P < 0.017) were used to compare the com-

plications and reoperation rates between the 3 procedures. Sta-

tistical analysis of data was conducted using the PearlDiver R

statistical analysis software.

Results

Study Populations

Throughout the study period, a total number of 14524 patients

had undergone surgical treatment for degenerative cervical

myelopathy at 2 or 3 levels; 11 790 patients had ACDF,

2,257 patients had laminectomy with fusion, and 477 patients

had laminoplasty, Figure. 1.

The 65-to-69 years age group was the most common age

group in the 3 groups of patients; 21.5% in the ACDF group,

23.8% in the laminectomy with fusion group, and 22.9% in the

laminoplasty group.

The ACDF group included 5,640 male (47.8%) and 6,150

female (52.2%) patients. The laminectomy with fusion group

included 1,335 male (59.1%) and 922 female (40.9%) patients.

In the laminoplasty group there were 305 male (63.9%) and 172

female (36.1%) patients.

The incidence of each procedure continued to increase over

time, with the highest number of cases reported in 2015 (2367

(20.1%) in ACDF, 508 (22.5%) in laminectomy with fusion,

and 118 (24.7%) in laminoplasty, Figure 2).

For service location, 89.7% of the ACDF procedures were

hospital inpatient, while 10.3% were hospital outpatient. For

the laminectomy with fusion procedures, 98.4% were inpatient,

while 1.6% were outpatient. For the laminoplasty procedures,

97.3% were inpatient, while 2.7% were outpatient, Table 3.

The mean CCI+ SD was 6+ 3.3 in the ACDF patients, 7.6

+ 3.9 in the laminectomy with fusion patients, and 6.9 + 3.5

in the laminoplasty patients, P < 0.001.

Perioperative Complications

In the ACDF group, the most common surgical complications

were new-onset cervicalgia at 1 month (44.8%), dysphagia at 1

month (10%), and wound complications (2.5% at 1 month and

3% at 3 months). The most common medical complications

were urinary tract infections at 1 month (4.6%), respiratory

failure at 1 month (3.6%), and renal failure at 1 month (2%).

The revision rate at 1 year was 5.1%.

In the laminectomy with fusion group, the most common

surgical complications were new-onset cervicalgia at 1 month

(43.9%), limb paralysis at 1 month (9.9%), dysphagia at 1

month (8.6%), and wound complications (6.4% at 1 month and

8% at 3 months). The most common medical complications

Table 1. Degenerative Cervical Myelopathy, ACDF, Laminectomy With Fusion, and Laminoplasty Codes.

Codes Definitions

Degenerative Cervical Myelopathy
ICD-9-D-7230 Spinal stenosis in cervical region.
ICD-9-D-7211 Cervical spondylosis with myelopathy.
ICD-10-D-M4802 Spinal stenosis, cervical region.
ICD-10-D-M4712 Other spondylosis with myelopathy, cervical region.
ACDF*
CPT-22551 Arthrodesis, anterior interbody, including disc space preparation, discectomy, osteophytectomy and decompression of

spinal cord and/or nerve roots; cervical below C2.
CPT-22554 Arthrodesis, anterior interbody technique, including minimal discectomy to prepare interspace (other than for

decompression); cervical below C2.
Laminectomy with fusion*
CPT-63001 Laminectomy with exploration and/or decompression of spinal cord and/or cauda equina, without facetectomy,

foraminotomy or discectomy (eg, spinal stenosis), 1 or 2 vertebral segments; cervical.
CPT-63015 Laminectomy with exploration and/or decompression of spinal cord and/or cauda equina, without facetectomy,

foraminotomy or discectomy (eg, spinal stenosis), more than 2 vertebral segments; cervical.
CPT-63045 Laminectomy, facetectomy and foraminotomy (unilateral or bilateral with decompression of spinal cord, cauda equina and/

or nerve root[s], [eg, spinal or lateral recess stenosis]), single vertebral segment; cervical.
CPT-22600 Arthrodesis, posterior or posterolateral technique, single level; cervical below C2 segment.
Laminoplasty*
CPT-63051 Laminoplasty, cervical, with decompression of the spinal cord, 2 or more vertebral segments; with reconstruction of the

posterior bony elements (including the application of bridging bone graft and non-segmental fixation devices [e.g., wire,
suture, mini-plates] when performed).

* Additional add-on codes were used to specify 2 or 3 levels procedures.

þ 22552: cervical below C2, each additional interspace. Used in conjunction with 22551.

þ 22614: each additional vertebral segment. Used in conjunction with 22600.
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were urinary tract infections at 1 month (12.1%), respiratory

failure at 1 month (9.7%), renal failure at 1 month (6.7%), and

deep venous thrombosis or pulmonary embolism at 3 months

(4.2%). The revision rate at 1 year was 7.6%.

In the laminoplasty group, the most common surgical com-

plications were new-onset cervicalgia at 1 month (35.8%), limb

paralysis at 1 month (6.5%), and wound complications (3.8% at

1 month and 4.4% at 3 months). The most common medical

complications were urinary tract infections at 1 month (6.5%),

respiratory failure at 1 month (4.2%), deep venous thrombosis

or pulmonary embolism at 3 months (3.1%), and renal failure at

1 month (2.9%). The revision rate at 1 year was less than 2.3%,

Table 4.

Propensity-Score Matched Analysis

After propensity score matching, each group included 464

patients.

Wound complications at 1 and 3 months were less common

in the ACDF group, < 2.4% and 2.8%, respectively, compared

with laminectomy and fusion, 4.5% and 6%, and laminoplasty,

3.9% and 4.5%, respectively. However, this difference was not

statistically significant, Table 5.

Similarly, surgical site infections at 1 and 3 months were

less common in the ACDF group, < 2.4% and < 2.4%, com-

pared with laminectomy and fusion, 2.4% and 3.4%, and lami-

noplasty, 2.6% and 3%, respectively (Table 5).

The incidences of intraoperative spinal cord injury, nerve

root injury, and dural tear, postoperative dysphonia, and kypho-

sis were not significantly different between the 3 groups.

The incidence of dysphagia at 1 month increased signifi-

cantly following ACDF (12.7%) compared to laminoplasty

(< 2.4%), P < 0.001, and it also increased significantly in

laminectomy with fusion (9.5%) compared to laminoplasty,

P < 0.001. However, the incidence was not significantly signif-

icant between ACDF and laminectomy with fusion, P ¼ 0.14.

Figure 1. Flow chart showing the number of patients in each group before and after propensity score matching.

Figure 2. Number of cases of the 3 procedures by year.
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The incidence of new-onset cervicalgia at 1 month had a

statistically significant difference between ACDF (45.5%) and

laminoplasty (36.2%), P ¼ 0.005, and between laminectomy

with fusion (45.7%) and laminoplasty, P ¼ 0.004. The inci-

dence was not different between ACDF and laminectomy with

fusion, P ¼ 1.

The incidence of limb paralysis at 1 month increased sig-

nificantly in laminectomy with fusion (8.8%) compared to

ACDF (3.7%), P ¼ 0.002. There was no significant difference

between laminectomy with fusion and laminoplasty (6.5%), P

¼ 0.22, or between ACDF and laminoplasty, P ¼ 0.07.

Out of the medical complications, the incidence of respiratory

failure at 1 month was significantly different between laminect-

omy with fusion (9.3%) and laminoplasty (3%), P< 0.001, but it

was not significantly different between laminectomy with fusion

and ACDF (6%), P¼ 0.08, or between ACDF and laminoplasty,

P ¼ 0.04.

Reoperation and Readmission Rates

The revision rate at 1 year increased significantly in laminect-

omy with fusion (7.1%) compared to laminoplasty (< 2.4%),

P < 0.001, and between ACDF (5.2%) and laminoplasty,

P< 0.001, but it was not significantly different between ACDF

and laminectomy with fusion, P ¼ 0.27, Table 5.

The 30-day readmission rates were 90 (19.4%) in the lami-

nectomy with fusion group, 56 (12.1%) in the laminoplasty,

and 43 (9.3%) in the ACDF group. There was a statistically

significant difference between laminectomy with fusion and

ACDF, P < 0.001, and between laminectomy with fusion and

Table 3. Age, Gender, Regional, Service Location and Case Year Distributions of the Studied Patients.

Characters

ACDF, n ¼ 11790 Laminectomy with fusion, n ¼ 2257 Laminoplasty, n ¼ 477

No. % Incidence* No. % Incidence* No. % Incidence*

Age in years:
< 30 < 11 y y < 11 y y < 11 y y
30 to 34 54 0.5 2.9 < 11 y y < 11 y y
35 to 39 178 1.5 8.8 < 11 y y < 11 y y
40 to 44 438 3.7 18.5 27 1.2 1.1 < 11 y y
45 to 49 864 7.3 30.1 61 2.7 2.1 21 4.4 0.7
50 to 54 1268 10.8 36.4 108 4.8 3.1 35 7.3 1
55 to 59 1547 13.1 39.9 191 8.5 4.9 49 10.3 1.3
60 to 64 1604 13.6 39.7 283 12.5 7 61 12.8 1.5
65 to 69 2534 21.5 18.7 537 23.8 4 109 22.9 0.8
70 to 74 1909 16.2 15.9 474 21 4 91 19.1 0.8
75 to 79 983 8.3 10.9 340 15.1 3.8 51 10.7 0.6
80 to 84 329 2.8 5.4 158 7 2.6 37 7.8 0.6
85 to 89 49 0.4 2.1 37 1.6 1.6 < 11 y y
� 90 31 0.3 0.7 31 1.4 0.7 < 11 y y

Gender:
Male 5640 47.8 17.5 1335 59.1 4.1 305 63.9 0.9
Female 6150 52.2 14 922 40.9 2.1 172 36.1 0.4

Region:
Midwest 2598 22 13.2 630 27.9 3.2 156 32.7 0.8
Northeast 196 1.7 3.7 53 2.3 1 < 11 y y
South 7932 67.3 19.4 1349 59.8 3.3 279 58.5 0.7
West 1064 9 10.3 225 10 2.2 32 6.7 0.3

Service location:
Inpatient 10571 89.7 y 2221 98.4 y 464 97.3 y
Outpatient 1219 10.3 y 36 1.6 y 13 2.7 y

Case year:
2007 454 3.9 7.2 85 3.8 1.3 28 5.9 0.4
2008 667 5.7 9.7 101 4.5 1.5 27 5.7 0.4
2009 859 7.3 13.7 152 6.7 2.4 37 7.8 0.6
2010 978 8.3 16.6 169 7.5 2.9 37 7.8 0.6
2011 1063 9 16.3 189 8.4 2.9 50 10.5 0.8
2012 1261 10.7 17.5 217 9.6 3 37 7.8 0.5
2013 1579 13.4 20 292 12.9 3.7 55 11.5 0.7
2014 1974 16.7 20.5 401 17.8 4.2 66 13.8 0.7
2015 2367 20.1 20.7 508 22.5 4.4 118 24.7 1
2016 (1st Q) 588 5 7.3 143 6.3 1.8 22 4.6 0.3

* Incidence per 100,000 Humana insured patients.

Due to patient privacy and contractual agreements with PearlDiver Inc, data on cohorts with less than 11 patients is not reported.
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laminoplasty, P ¼ 0.003, but there was no statistically signif-

icant difference between ACDF and laminoplasty, P ¼ 0.2.

Discussion

Surgical treatment for degenerative cervical myelopathy is rec-

ommended when there is evidence of worsening neurological

impairment.13,31 Surgical decision making concerning anterior

versus posterior cervical surgery is multifactorial with many

determinants that need to be considered, and the choice of the

procedure should be made on a case-by-case basis.32 The domi-

nant site of cord compression, anterior or posterior, affects the

chosen approach.32,33 Moreover, cervical lordosis can be ade-

quately restored from an anterior approach, while multilevel

degenerative spine may be more easily to be addressed from a

posterior approach.34,35 The high risk of infection rates follow-

ing posterior surgeries may favor an anterior approach.36

The current study compared the perioperative surgical and

medical complications among 3 standard procedures; ACDF,

laminectomy with fusion, and laminoplasty, at 2 or 3 levels.

Moreover, in order to control for any confounding factors, a

propensity-score matched analysis was conducted.

The incidence of dysphagia following ACDF was 12.7%.

This coincided with previous studies that have reported that the

incidence of dysphagia following ACDF is 11% to 65% due to

esophageal manipulation and retraction during the proce-

dure.37-39 However, the incidence of dysphagia in the laminect-

omy with fusion group was not significantly different

compared to the ACDF group. In a study of 85 patients who

had undergone posterior cervical surgery, Radcliff et al.40

reported that the incidence of new dysphagia was significantly

lower than that following ACDF at 2 and 6 weeks. However,

the incidence of dysphagia after posterior cervical surgeries

was significantly higher than that of lumbar surgeries.40 Dys-

phagia after posterior laminectomy with fusion may be attrib-

uted to the loss of cervical motion, pain from posterior neck

dissection, or cervical collar immobilization.

The incidence of postoperative new-onset cervicalgia was

significantly lower in laminoplasty compared to ACDF or

laminectomy with fusion. The lower incidence in laminoplasty

may be attributed to the preserved cervical motion in lamino-

plasty compared to the loss of motion associated with fusion

procedures.41-43 Excessive distraction of the disc space during

ACDF could result in stretching the posterior ligaments and

facet joint injury, which may lead to subsequent postoperative

neck pain.44 Choi et al.45 reported postoperative intractable

cervicalgia following ACDF. The postoperative disc heights

were noticeably greater than the disc heights preoperatively

due to over-sized implant insertion.45 This finding emphasizes

the importance of applying proper distraction forces and choos-

ing a properly sized implant during ACDF surgery.

The highest incidence of postoperative limb paralysis was

observed in the laminectomy with fusion. This could be attrib-

uted to excessive intraoperative traction and manipulation of

neurological structures, direct injury from instruments, or

screw malposition.22

C5 palsy is a well-known complication following cervical

spine surgery.46 Bydon et al.47 compared the incidence of C5

palsy in patients undergoing anterior or posterior decompres-

sion procedures. The highest incidence was reported in the

laminectomy and fusion cohort, with a rate of 8.6% compared

to 1.6% in the anterior cohort.47 In a study of 750 patients who

had anterior or posterior decompression procedures, Nassr

et al.46 reported a trend toward higher rates of C5 palsy with

laminectomy and fusion compared to the anterior procedures.

In a prospective randomized trial, Jiang et al.13 compared

the outcomes following ACDF versus laminoplasty in patients

with multilevel degenerative spinal stenosis and reported that

the rate of complications was not significantly different

between the 2 procedures. Hitchon et al.35 compared ACDF

versus laminectomy and fusion in patients with cervical

Table 4. Perioperative Surgical and Medical Complications and
Reoperation Rates Following the Three Procedures.

Complications

ACDF
n ¼ 11790

Laminectomy
& fusion
n ¼ 2257

Laminoplasty
n ¼ 477

No. % No. % No. %

Surgical complications
Wound complications
At 1 month 289 2.5 144 6.4 18 3.8
At 3 months 348 3 181 8 21 4.4

Surgical site infection
At 1 month 96 0.8 75 3.3 12 2.5
At 3 months 136 1.2 93 4.1 14 2.9

Spinal cord injury 100 0.8 80 3.5 14 2.9
Nerve root injury 43 0.4 < 11 < 0.5 < 11 < 2.3
Dural tear 57 0.5 33 1.5 < 11 < 2.3
Dysphagia at 1 month 1179 10 194 8.6 < 11 < 2.3
Dysphonia at 1 month 67 0.6 < 11 < 0.5 0 0
Cervicalgia at 1 month 5286 44.8 990 43.9 171 35.8
Cervical kyphosis
At 6 months 167 1.4 59 2.6 < 11 < 2.3
At 12 months 177 1.5 68 3 < 11 < 2.3

Limb paralysis at 1 month 278 2.4 223 9.9 31 6.5
Medical complications
DVT/PE at 3 months 185 1.6 95 4.2 15 3.1
CVA at 1 month 37 0.3 27 1.2 0 0
MI at 1 month 66 0.6 32 1.4 < 11 < 2.3
Pneumonia at 1 month 92 0.8 40 1.8 < 11 < 2.3
Respiratory failure at 1 month 430 3.6 220 9.7 14 2.9
Renal failure at 1 month 239 2 151 6.7 20 4.2
Sepsis at 1 month 116 1 46 2 < 11 < 2.3
UTI at 1 month 537 4.6 274 12.1 31 6.5
Reoperations
I&D, exploration, or

evacuation
At 1 month 177 1.5 51 2.3 < 11 < 2.3
At 3 months 191 1.6 59 2.6 < 11 < 2.3

Hardware removal at 1 year 18 0.2 < 11 < 0.5 < 11 < 2.3
Revision at 1 year 602 5.1 172 7.6 < 11 < 2.3

DVT/PE deep venous thrombosis/pulmonary embolism, CVA cerebrovascular
accident, MI myocardial infarction, UTI urinary tract infection, I&D incision and
drainage.

Due to patient privacy and contractual agreements with PearlDiver Inc, data on
cohorts with less than 11 patients is not reported.
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stenosis and myelopathy and reported that the incidence of

complications between the 2 groups was not different signifi-

cantly. In Cole et al.31 study, the 30-day complication rates

were lower in the anterior fusion group than the posterior

fusion group, except for dysphagia, in patients with multilevel

degenerative cervical disease.

In our study, the revision rate at 1 year was significantly

lower in laminoplasty compared to ACDF or laminectomy with

fusion. The 30-day readmission rate was significantly higher in

laminectomy and fusion compared to ACDF or laminoplasty.

Highsmith et al.48 compared laminoplasty versus laminectomy

and fusion in 56 patients with multilevel cervical stenotic mye-

lopathy and reported that the overall reoperation rates were

higher in the fusion group (27%) than in the laminoplasty group

(13%). Similarly, Liu et al.,49 in their systematic review and

meta-analysis, reported a significantly lower reoperation rate

with laminoplasty (3.5%) compared to ACDF (20.5%).

Expanding the evidence on the difference of perioperative

complications between cervical spine surgeries is essential for

spine surgeons. Additionally, patients undergoing spine sur-

geries should be informed about the possibility of perioperative

complications potentially associated with their surgeries such

Table 5. Comparison of Perioperative Surgical and Medical Complications and Reoperation Rates Between a Propensity-Score Matched
Cohorts of the Three Groups.

Complications

ACDF
n ¼ 464

Laminectomy
& fusion
n ¼ 464

Laminoplasty
n ¼ 464 P value*

No. % No. % No. %

ACDF vs.
laminectomy
& fusion

ACDF vs.
laminoplasty

Laminectomy &
fusion

vs. laminoplasty

Surgical complications
Wound complications
At 1 month < 11 < 2.4 21 4.5 18 3.9 0.07 0.18 0.74
At 3 months 13 2.8 28 6 21 4.5 0.03 0.22 0.38

Surgical site infection
At 1 month < 11 < 2.4 11 2.4 12 2.6 0.12 0.08 1
At 3 months < 11 < 2.4 16 3.4 14 3 0.03 0.06 0.85

Spinal cord injury < 11 < 2.4 13 2.8 14 3 0.05 0.03 1
Nerve root injury < 11 < 2.4 < 11 < 2.4 < 11 < 2.4 1 1 1
Dural tear < 11 < 2.4 < 11 < 2.4 < 11 < 2.4 0.15 1 0.26
Dysphagia at 1 month 59 12.7 44 9.5 < 11 < 2.4 0.14 < 0.001 < 0.001
Dysphonia at 1 month < 11 < 2.4 0 0 0 0 0.48 0.48 1
Cervicalgia at 1 month 211 45.5 212 45.7 168 36.2 1 0.005 0.004
Cervical kyphosis
At 6 months < 11 < 2.4 12 2.6 < 11 < 2.4 0.08 0.75 0.23
At 12 months < 11 < 2.4 14 3 < 11 < 2.4 0.03 0.38 0.28

Limb paralysis at 1 month 17 3.7 41 8.8 30 6.5 0.002 0.07 0.22
30-days readmission 43 9.3 90 19.4 56 12.1 < 0.001 0.2 0.003
Medical complications
DVT/PE at 3 months 19 4.1 13 2.8 14 3 0.37 0.48 1
CVA at 1 month < 11 < 2.4 < 11 < 2.4 0 0 0.75 0.13 0.04
MI at 1 month < 11 < 2.4 < 11 < 2.4 < 11 < 2.4 1 0.54 0.54
Pneumonia at 1 month < 11 < 2.4 < 11 < 2.4 < 11 < 2.4 0.77 1 0.77
Respiratory failure at 1 month 28 6 43 9.3 14 3 0.08 0.04 < 0.001
Renal failure at 1 month 12 2.6 24 5.2 20 4.3 0.06 0.21 0.64
Sepsis at 1 month < 11 < 2.4 < 11 < 2.4 < 11 < 2.4 0.81 0.38 0.18
UTI at 1 month 27 5.8 37 8 30 6.5 0.24 0.79 0.45
Reoperations
I&D, exploration, or
evacuation
At 1 month < 11 < 2.4 11 2.4 < 11 < 2.4 0.33 0.75 0.12
At 3 months < 11 < 2.4 13 2.8 < 11 < 2.4 0.16 1 0.26

Hardware removal at 1 year < 11 < 2.4 < 11 < 2.4 < 11 < 2.4 1 0.62 1
Revision at 1 year 24 5.2 33 7.1 < 11 < 2.4 0.27 < 0.001 < 0.001

DVT/PE deep venous thrombosis/pulmonary embolism, CVA cerebrovascular accident, MI myocardial infarction, UTI urinary tract infection, I&D incision and
drainage.

The level of significance was set at P < 0.017 after Bonferroni correction.

Due to patient privacy and contractual agreements with PearlDiver Inc, data on cohorts with less than 11 patients is not reported.



440 Global Spine Journal 13(2)

as a possibility of postoperative dysphagia following anterior

cervical surgeries.

This study has some limitations, including its retrospective

database nature with its susceptibility to errors in coding.

Moreover, the database does not provide detailed data for indi-

vidual patients due to privacy issues. The propensity score

matching controlled some potential confounding factors,

including age, gender, and comorbidities; however, other con-

founders may have been presented and could not be controlled.

The severity of each complication cannot be determined from

the database. Additionally, postoperative mortality could not

be determined with certainty due to database limitations.

Finally, the database does not have reports on functional clin-

ical and radiological outcomes.

Despite these limitations, our propensity-score matched

analysis eliminated the confound variables of the study cohorts,

making it more accurate in characterizing the complication

rates following 3 standard procedures for treating patients with

degenerative cervical myelopathy.

Conclusions

Management of degenerative cervical myelopathy with ACDF,

laminectomy with fusion, or laminoplasty is associated with

certain perioperative complications. The incidence of dyspha-

gia following laminectomy with fusion was not different com-

pared to ACDF. Laminoplasty was associated with the lowest

incidence of postoperative new-onset cervicalgia and revisions.

The highest incidence of postoperative limb paralysis was asso-

ciated with posterior laminectomy with fusion, followed by

laminoplasty. Understanding the incidence of these complica-

tions will help guide spine surgeons and patients in treatment

and recovery planning.
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