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Abstract: Although a few large-scale studies have investigated multilevel anterior cervical discec-
tomy and fusion (ACDF) and laminoplasty (LAMP) and their related complications for cervical
spondylotic myelopathy (CSM), the optimal surgical intervention remains controversial. Therefore,
we compared their 30 days of postoperative complications. Through the 2010–2019 ACS NSQIP
Participant Use Data Files, we estimated the risk of serious morbidity, reoperation, readmission,
mortality, and other postoperative complications. Initially, propensity score matching (PSM) of the
preoperative characteristics of both groups was performed for further analysis. Multivariable logistic
regression analysis provided OR and 95% CI for comparative complications. After PSM, 621 pairs of
cohorts were generated for both groups. Increased frequency of postoperative complications was
observed in the LAMP group, especially for surgical wound infection, no matter whether superfi-
cial (ACDF/LAMP = 0%/1.13%, p = 0.0154) or deep wound infection (ACDF/LAMP = 0%/0.97%,
p = 0.0309). The mean length of total hospital stays (ACDF/LAMP = 2.25/3.11, p < 0.0001) and days
from operation to discharge (ACDF/LAMP = 2.12/3.08, p < 0.0001) were longer, while the hospital-
ization rate for over 30 days (ACDF/LAMP = 4.67%/7.41%, p = 0.0429) and unplanned reoperation
(ACDF/LAMP = 6.12%/9.34%, p = 0.0336) were higher in LAMP. Results also indicated congestive
heart failure as a risk factor (adjusted OR = 123.402, p = 0.0002). Conclusively, multilevel ACDF may
be a safer surgical approach than LAMP for CSM in terms of perioperative morbidities, including
surgical wound infection, prolonged hospitalization, and unplanned reoperation. However, these
approaches showed no significant differences in systemic complications and perioperative mortality.

Keywords: multilevel anterior cervical discectomy and fusion (ACDF); laminoplasty (LAMP); cervi-
cal spondylotic myelopathy (CSM); propensity score matching (PSM)

1. Introduction

Cervical spondylotic myelopathy (CSM) is an age-dependent and degenerative dis-
ease of the cervical spine, which is characterized by the narrowing of the spinal canal
and cord compression caused by facet joint hypertrophy, osteophytes, herniated discs,
hypertrophic ligamentum flavum, and ossified posterior longitudinal ligament [1]. Surgical
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decompression, instead of conservative management, is indeed the only treatment choice
during severe neurological deterioration [2]. In particular, multilevel anterior cervical de-
compression and fusion (ACDF) and laminoplasty (LAMP) represent two major treatments;
however, the optimal surgical intervention remains controversial.

Multilevel ACDF provides anterior decompression and fusion for the cervical spine,
while LAMP provides nonfusion and posterior decompression [3]. A few large-scale
studies exist that have attempted to investigate complications arising from these two
surgical approaches for the specific etiology of CSM. Besides, the results of the studies are
inconsistent or even contradictory [4–9]. In a meta-analysis, ACDF demonstrated increased
complications compared with LAMP; however, compared with the baseline, the Cobb angle
of C2–C7 was reduced [10]. In another study, both ACDF through mini-incision and LAMP
are successful treatments for long-level cervical spondylosis; nevertheless, it was found
that ACDF through mini-incision is advantageous as it causes minimal trauma, resulting
in lesser bleeding, and allows for faster recovery [11]. Moreover, it is also beneficial for
reconstructing cervical lordosis.

Therefore, we conducted this observational study using the American College of
Surgeons National Surgical Quality Improvement Program Participant Use Data Files (ACS
NSQIP PUF) to compare the 30-day perioperative complications of multilevel ACDF versus
LAMP for the treatment of CSM. Propensity score matching (PSM) analysis was used to
minimize the selection bias in these surgical procedures. We characterized the incidence
and predictors of individual complications, as well as the outcome measures of hospital
length of stay (HLOS) and discharge destination by surgical cohort.

2. Materials and Methods
2.1. Database and Patient Selection

The overall schematic design of the study is represented in Figure 1. Briefly, all
patients undergoing neurosurgical procedures in the American College of Surgeons (ACS)
National Surgical Quality Improvement Program (NSQIP) database between 2010 and
2019 were included in the analysis. The ACS NSQIP prospectively collects data on over
200 variables about patient characteristics, comorbid conditions, operative details, and
30-day postoperative outcomes for different surgical procedures.
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The data are collected by trained surgical/clinical reviewers using a thorough review
process comprising chart/electronic medical review and careful follow-up to record out-
comes. Due to a strict data collection process, the data are known to have an inter-reviewer
disagreement rate of below 2% [12]. More information about ACS the NSQIP is available at
http://www.acsnsqip.org accessed on 19 April 2023.

Records were filtered using the International Classification of Diseases 9th Edition
(ICD-9) and 10th Edition (ICD-10) diagnosis codes to identify patients with the CSM registry
between 2010 and 2019 (Figure 2). Current Procedural Terminology (CPT) codes were used
to query the dataset for patients undergoing multilevel ACDF (22,552, 22,585, 63,076) and
laminoplasty (63,050, 63,051). The average number of fused segments/levels in ACDF cases
was ≥2, while the number of plastic laminae in LAMP cases was ≥2. Patients undergoing
combined anterior and posterior spinal approaches and other surgical procedures were
excluded from the cohort. Patients with missing data, emergency cases, and elective surgery
were excluded from the study.
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Figure 2. Flowchart of the study population. CPT: Current Procedural Terminology, ACDF: anterior
cervical discectomy and fusion, LAMP: laminoplasty.

2.2. Statistical Analysis

PSM for the preoperative characteristic of the multilevel ACDF and LAMP groups
was performed before further analysis. The paired t-test and McNemar test were used to
evaluate significant differences between these groups. Multivariable logistic regression
analysis provided odds ratios (OR) and 95% confidence intervals (CI) for complications
in these two groups, which were adjusted for age, gender, BMI, diabetes mellitus with
oral agents or insulin, open wound/wound infection, steroid use for a chronic condition,
bleeding disorders, preoperative transfusion of ≥1 unit of whole/packed RBCs in 72 h
before surgery, systemic sepsis, hypertension requiring medication, congestive heart failure
(CHF) in 30 days before surgery, acute renal failure, being currently on dialysis, dyspnea,
history of severe chronic obstructive pulmonary disease (COPD), ventilator dependence,
disseminated cancer, being a current smoker within 1 year, wound classification, ASA
classification, and selected laboratory values. All outcome variables were considered
significant if they had a two-sided p-value < 0.05 from multivariate analyses. All statistical

http://www.acsnsqip.org
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analysis was performed using the Statistical Analysis System (SAS) 9.1 package (SAS
Institute Inc., Cary, NC, USA).

3. Results

In total, 4897 CSM patients were included in the analysis (Figure 1). PSM was
conducted to balance the baseline covariates with the covariates of age, sex, comorbidi-
ties, region, and race in a 1:1 ratio using the exact matching technique to produce two
equal cohorts of 621 patients. This cohort revealed that the LAMP group was found
to be significantly male (ACDF/LAMP = 48.63%/66.34%, p < 0.0001) and older age
(ACDF/LAMP = 60.69/61.86, p = 0.0496). Meanwhile, patients in the ACDF group showed
a trend of significantly higher BMI (ACDF/LAMP = 30.72/29.57, p = 0.0027), preoperative
dyspnea (ACDF/LAMP = 7.24%/2.74%, p = 0.0004), and lower preoperative hematocrit
(ACDF/LAMP = 40.79/41.86, p < 0.0001) compared with the LAMP group (Table 1).

We further assessed the perioperative complications and reoperation in the ACDF and
LAMP groups (Table 2).

Table 1. Baseline patient characteristics between multilevel ACDF and LAMP before and after PSM.
PSM: propensity score matching, ACDF: anterior cervical discectomy and fusion, LAMP: laminoplasty,
BMI: bone mineral density, ASA: American Society of Anesthesiologists, COPD: chronic obstructive
pulmonary disease. CHF: congestive heart failure. * p < 0.05.

Before PSM After 1:1 PSM

Preoperative
Characteristics

Multilevel ACDF
(Group A)

LAMP
(Group B) p-Value Multilevel ACDF (Group A) Laminoplasty (Group B) p-Value

n 4236 661 X 621 621 X
Mean age (std) 59.00 (10.80) 62.85 (10.93) <0.0001 * 60.69 (10.65) 61.86 (10.37) 0.0496 *

Gender, male (%) 2141 (50.54) 431 (65.20) <0.0001 * 302 (48.63) 412 (66.34) <0.0001 *
Mean BMI (std) 30.51 (6.73) 29.46 (6.46) 0.0002 * 30.72 (6.98) 29.57 (6.46) 0.0027 *

Diabetes mellitus with oral
agents or insulin (%)

0 = No: 3417 (80.67) 0 = No: 520 (78.67)
0.4830

0 = No: 489 (78.74) 0 = No: 493 (79.39)
0.96071 = non-insulin: 537 (12.68) 1 = non-insulin: 93 (14.07) 1 = non-insulin: 87 (14.01) 1 = non-insulin: 84 (13.53)

2 = insulin: 282 (6.66) 2 = insulin: 48 (7.26) 2 = insulin: 45 (7.25) 2 = insulin: 44 (7.09)

Open wound/wound
infection (%) 13 (0.31) 5 (0.76) 0.0842 3 (0.48) 5 (0.81) 0.7257

Steroid use for chronic
condition (%) 174 (4.11) 29 (4.39) 0.7373 20 (3.22) 21 (3.38) 0.8738

Bleeding disorders (%) 64 (1.51) 12 (1.82) 0.5557 10 (1.61) 9 (1.45) 0.8172
Preop transfusion of ≥1 unit of

whole/packed RBCs in 72 h
prior to surgery (%)

0 (0) 0 (0) X 0 (0) 0 (0) X

Systemic sepsis (%)
0 = none: 4226 (99.76) 0 = none: 660 (99.85)

1.0000

0 = none: 620 (99.84) 0 = none: 620 (99.84)

1.00001 = SIRS: 10 (0.24) 1 = SIRS: 1 (0.15) 1 = SIRS: 1 (0.16) 1 = SIRS: 1 (0.16)
2 = sepsis: 0 (0) 2 = sepsis: 0 (0) 2 = sepsis: 0 (0) 2 = sepsis: 0 (0)

3 = septic shock: 0 (0) 3 = septic shock: 0 (0) 3 = septic shock: 0 (0) 3 = septic shock: 0 (0)

Mean preoperative WBC (std) 7.40 (2.41) 7.15 (2.09) 0.0043 * 7.34 (2.70) 7.15 (2.12) 0.1708
Mean preoperative

hematocrit (std) 41.56 (4.22) 41.48 (4.39) 0.6569 40.79 (3.94) 41.86 (4.06) <0.0001

Hypertension requiring
medication (%) 2368 (55.90) 408 (61.72) 0.0050 * 369 (59.42) 376 (60.55) 0.6852

CHF in 30 days before
surgery (%) 14 (0.33) 4 (0.61) 0.2909 2 (0.32) 4 (0.64) 0.6867

Mean preoperative serum
creatinine (std) 0.94 (0.53) 0.99 (0.58) 0.0433 * 0.92 (0.33) 0.97 (0.52) 0.0656

Acute renal failure (preop) (%) 1 (0.02) 0 (0) 1.0000 0 (0) 0 (0) X
Currently on dialysis (preop) (%) 16 (0.38) 4 (0.61) 0.3349 1 (0.16) 1 (0.16) 1.0000

Dyspnea (%)
0 = no: 3949 (93.22) 0 = no: 643 (97.28)

0.0003 *

0 = no: 576 (92.75) 0 = no: 604 (97.26)

0.0004 *1 = moderate exertion:
272 (6.42)

1 = moderate exertion:
18 (2.72)

1 = moderate exertion:
43 (6.92)

1 = moderate exertion:
17 (2.74)

2 = at rest: 15 (0.35) 2 = at rest: 0 (0) 2 = at rest: 2 (0.32) 2 = at rest: 0 (0)

History of severe COPD (%) 243 (5.74) 33 (4.99) 0.4404 43 (6.92) 30 (4.83) 0.1168
Ventilator dependence (%) 0 (0) 0 (0) X 0 (0) 0 (0) X
Disseminated cancer (%) 6 (0.14) 3 (0.45) 0.1101 0 (0) 0 (0) X
Current smoker within

1 year (%) 1104 (26.06) 147 (22.24) 0.0361 * 136 (21.90) 145 (23.35) 0.5416

Wound classification (%)

1 = clean: 4222 (99.67) 1 = clean: 656 (99.24)

0.2079

1 = clean: 620 (99.84) 1 = clean: 616 (99.19)

0.2176
2 = clean/contaminated:

13 (0.31)
2 = clean/contaminated:

5 (0.76)
2 = clean/contaminated:

1 (0.16)
2 = clean/contaminated:

5 (0.81)
3 = contaminated: 0 (0) 3 = contaminated: 0 (0) 3 = contaminated: 0 (0) 3 = contaminated: 0 (0)

4 = dirty/infected: 1 (0.02) 4 = dirty/infected: 0 (0) 4 = dirty/infected: 0 (0) 4 = dirty/infected: 0 (0)

ASA classification (%)

1 = no disturb: 86 (2.03) 1 = no disturb: 7 (1.06)

0.0852

1 = no disturb: 5 (0.81) 1 = no disturb: 7 (1.13)

0.3877

2 = mild disturb:
1890 (44.62) 2 = mild disturb: 272 (41.15) 2 = mild disturb: 254 (40.90) 2 = mild disturb: 267 (43.00)

3 = severe disturb:
2150 (50.76)

3 = severe disturb:
365 (55.22)

3 = severe disturb:
340 (54.75)

3 = severe disturb:
234 (53.78)

4 = life threat: 110 (2.60) 4 = life threat: 17 (2.57) 4 = life threat: 22 (3.54) 4 = life threat: 13 (2.09)
5 = moribund: 0 (0) 5 = moribund: 0 (0) 5 = moribund: 0 (0) 5 = moribund: 0 (0)
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Table 2. Postoperative complications before and after PSM. PSM: propensity score matching. SSI: surgical site infection, CPR: cardiopulmonary resuscitation.
* p < 0.05.

Before PSM After 1:1 PSM

Postoperation Occurrence Multilevel ACDF
(Group A) LAMP (Group B) p-Value B versus AOR (95% CI) p-Value of OR Multilevel ACDF

(Group A) LAMP (Group B) p-Value B versus AOR (95% CI) p-Value of OR

n 4236 661 X X X 621 621 X X X
Mean total operation time (std) 159.32 (68.93) 149.96 (58.02) 0.0002 * 0.835 (0.724, 0.962) 0.0128 * 158.60 (69.40) 149.51 (57.64) 0.0122 * 0.837 (0.690, 1.015) 0.0712

Superficial surgical site
infection (%) 5 (0.12) 7 (1.06) 0.0003 * 9.057 (2.866, 28.621) 0.0002 * 0 (0) 7 (1.13) 0.0154 * >999.999 (<0.001,

>999.999) 0.9531

Deep incisional SSI (%) 3 (0.07) 6 (0.91) 0.0003 * 12.925 (3.225, 51.807) 0.0003 * 0 (0) 6 (0.97) 0.0309 * >999.999 (<0.001,
>999.999) 0.9341

Organ space SSI (%) 5 (0.12) 0 (0) 1.0000 <0.001 (<0.001,
>999.999) 0.9702 0 (0) 0 (0) X X X

Wound disruption (%) 2 (0.05) 5 (0.76) 0.0007 * 16.136 (3.124, 83.339) 0.0009 * 0 (0) 5 (0.81) 0.0620 >999.999 (<0.001,
>999.999) 0.9398

Pneumonia (%) 38 (0.90) 7 (1.06) 0.6606 1.183 (0.526, 2.659) 0.6851 8 (1.29) 7 (1.13) 0.7950 0.874 (0.315, 2.424) 0.7952
Unplanned intubation (%) 34 (0.80) 1 (0.15) 0.0783 0.187 (0.026, 1.370) 0.0990 7 (1.13) 1 (0.16) 0.0694 0.141 (0.017, 1.153) 0.0677

Ventilator > 48 h (%) 26 (0.61) 1 (0.15) 0.1652 0.245 (0.033, 1.811) 0.1683 5 (0.81) 1 (0.16) 0.2176 0.199 (0.023, 1.706) 0.1407

Progressive renal insufficiency (%) 1 (0.02) 0 (0) 1.0000 <0.001 (<0.001,
>999.999) 0.9702 0 (0) 0 (0) X X X

Acute renal failure (%) 4 (0.09) 1 (0.15) 0.5158 1.603 (0.179, 14.364) 0.6732 0 (0) 0 (0) X X X
Urinary tract infection (%) 24 (0.57) 11 (1.66) 0.0048 * 2.970 (1.448, 6.098) 0.0030 * 5 (0.81) 10 (1.61) 0.1940 2.016 (0.685, 5.934) 0.2028
Pulmonary embolism (%) 18 (0.42) 6 (0.91) 0.1247 2.147 (0.849, 5.429) 0.1063 2 (0.32) 6 (0.97) 0.2875 3.019 (0.607, 15.015) 0.1770

Cardiac arrest requiring CPR (%) 4 (0.09) 2 (0.30) 0.1887 3.211 (0.587, 17.565) 0.1785 0 (0) 2 (0.32) 0.4996 >999.999 (<0.001,
>999.999) 0.9426

Myocardial infarction (%) 9 (0.21) 1 (0.15) 1.0000 0.712 (0.090, 5.626) 0.7476 4 (0.64) 1 (0.16) 0.3740 0.249 (0.028, 2.232) 0.2140
Return to OR (%) 60 (1.42) 14 (2.12) 0.1691 1.506 (0.837, 2.710) 0.1720 9 (1.45) 13 (2.09) 0.3895 1.454 (0.617, 3.426) 0.3922

DVT/thrombophlebitis (%) 11 (0.26) 4 (0.61) 0.1333 2.338 (0.742, 7.366) 0.1467 2 (0.32) 3 (0.48) 1.0000 1.502 (0.250, 9.020) 0.6563
Bleeding transfusions (%) 15 (0.35) 14 (2.12) <0.0001 * 6.089 (2.926, 12.674) <0.0001* 5 (0.81) 10 (1.61) 0.1940 2.016 (0.685, 5.934) 0.2028

Sepsis (%) 16 (0.38) 2 (0.30) 1.0000 0.801 (0.184, 3.489) 0.7671 1 (0.16) 2 (0.32) 1.0000 2.003 (0.181, 22.149) 0.5709
Septic shock (%) 7 (0.17) 2 (0.30) 0.3480 1.834 (0.380, 8.845) 0.4502 1 (0.16) 1 (0.16) 1.0000 1.000 (0.062, 16.023) 1.0000

Mean length of total hospital
stay (std) 2.03 (2.83) 3.22 (2.40) <0.0001 * 5.005 (4.300, 5.825) <0.0001 * 2.25 (3.86) 3.11 (2.23) <0.0001 * 5.215 (4.190, 6.491) <0.0001 *

Mean days from operation to
discharge (std) 1.96 (2.39) 3.18 (2.35) <0.0001 * 5.127 (4.403, 5.969) <0.0001 * 2.12 (2.94) 3.08 (2.22) <0.0001 * 5.328 (4.278, 6.635) <0.0001 *

Still in hospital > 30 days (%) 217 (5.12) 49 (7.41) 0.0157 * 1.483 (1.075, 2.045) 0.0163 * 29 (4.67) 46 (7.41) 0.0429 * 1.633 (1.012, 2.636) 0.0446 *
Unplanned reoperation (%) 275 (6.49) 62 (9.38) 0.0064 * 1.491 (1.117, 1.990) 0.0067 * 38 (6.12) 58 (9.34) 0.0336 * 1.581 (1.033, 2.418) 0.0348 *

Death (%) 13 (0.31) 3 (0.45) 0.4672 1.481 (0.421, 5.211) 0.5406 0 (0) 3 (0.48) 0.2494 >999.999 (<0.001,
>999.999) 0.9533
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Increased perioperative complications were observed in the LAMP group, especially
for surgical wound infection, no matter whether superficial (ACDF/LAMP = 0%/1.13%,
p = 0.0154) or deep wound infection (ACDF/LAMP = 0%/0.97%, p = 0.0309). However,
the occurrence of systemic infections included sepsis and septic shock with no significant
difference between these groups. In the LAMP group, we found the mean length of
total hospital stay (ACDF/LAMP = 2.25/3.11, p < 0.0001) and mean days from operation
to discharge (ACDF/LAMP = 2.12/3.08, p < 0.0001) were longer than multilevel ACDF.
Notably, the rate of hospitalization over 30 days (ACDF/LAMP = 4.67%/7.41%, p = 0.0429)
and unplanned reoperation (ACDF/LAMP = 6.12%/9.34%, p = 0.0336) were also found
higher for LAMP. However, the operation time was longer for multilevel ACDF than LAMP
(ACDF/LAMP = 158.60/149.51, p = 0.0122). No significant difference was observed between
the groups for the perioperative mortality rates. The preoperative patient condition and
congestive heart failure but not operation type were closely related to the mortality rate
(adj. OR = 123.402, p = 0.0002) (Table 3).

Table 3. Postoperative mortality before and after PSM. PSM: propensity score matching. CHF:
congestive heart failure.

Before PSM

Parameter Adjusted
OR 95% CI p-Value

Age 1.11 1.049 1.174 0.0003 *
Preoperative hematocrit 0.873 0.803 0.949 0.0014 *

Preoperative serum creatinine 0.36 0.12 1.083 0.0690
Steroid use for chronic condition 4.74 1.315 17.086 0.0174 *
CHF in 30 days before surgery 15.267 0.92 253.327 0.0572
Currently on dialysis (preop) 191.335 12.017 >999.999 0.0002 *

Dyspnea: moderate exertion vs. no 0.362 0.021 6.325 0.4863
Dyspnea: at rest vs. no 26.253 2.45 281.345 0.0069 *
Disseminated cancer 16.523 2.333 117.02 0.0050 *

After PSM
CHF in 30 days before surgery 123.402 9.577 >999.999 0.0002 *

* p < 0.05.

4. Discussion

In recent years, though fewer studies have contributed to decision making about the
appropriate surgical management of CSM, the data remain controversial, and no consensus
has yet been reached. Both ACDF and LAMP are well-established procedures for CSM.
ACDF is an efficacious approach for direct neural decompression through rectifying cer-
vical kyphotic alignment and preserving cervical spine stability [13]. Meanwhile, LAMP
manages multilevel CSM through indirect decompression by the augmentation of the spinal
canal [14]. In a study by Liu et al., ACDF required a shorter operation time than LAMP
(187.78 vs. 115.92 min). On the contrary, our results revealed significantly shorter operative
time in the LAMP group (158.60 vs. 149.51 min, p = 0.0122) [9]. Besides, some of the
previous reports demonstrated no significant difference in operation time between these ap-
proaches [4,7,15]. Moreover, the number of operating segments was not specified. Contrary
to the above reports on operation time, the previous studies documented higher blood loss
in the LAMP group than in multilevel ACDF [7,9,15]. Although this result corresponds
to our data on the higher blood loss in the LAMP group (ACDF/LAMP = 0.81%/1.61%,
p = 0.194), it showed no significant difference.

Further, the reported ACDF complications include stenosis of the respiratory tract by
swelling of the surrounding tissue, swallowing disturbance, and hoarseness due to traction
of the vocal cord [16]. Meanwhile, the aftermath of laminoplasty surgery complications can
lead to persistent neuropathic arm pain, axial neck pain, and a decline in cervical alignment,
primarily caused by the advancement of kyphosis [17]. In terms of perioperative complica-
tions, most of the results of previous studies on LAMP and multilevel ACDF were reported
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as either inconsistent or contradictory. In some studies, the overall complications were sig-
nificantly more frequent [4,5,8,9], while few of them revealed no significant difference in the
complication rate as well between these surgical approaches [7,15]. In a study by Morishita
et al., increased systemic complications, such as respiratory disease, cardiovascular events,
and sepsis, were observed in the multilevel ACDF group, whereas local infection was fre-
quent in the LAMP group [6]. This study is in agreement with our study, revealing frequent
overall complications in the LAMP group. These complications include surgical wound
problems, such as superficial wound infection and deep wound infection. Compared with
multilevel ACDF, wound disruptions have been observed more frequently in the LAMP
group, though the difference is not significant. This might be attributed to the use of the
posterior approach, which is associated with generally larger and deeper wounds with an
increased amount of soft tissue dissection. On the contrary, previous studies revealed an
exceedingly low incidence of postoperative infection in ACDF with a mean rate of 0.07%
compared with 6.0%–18.2% in posterior spine surgeries [18–20]. Even though surgical site
infection is more frequent in the LAMP group, we did not observe any significant difference
in the occurrence of systemic infections, including sepsis and septic shock. The higher rate
of postoperative infection in the LAMP group might be attributable to the higher rate of
unplanned reoperation, hospitalization over 30 days, and longer time of stay in the hospital
in a short duration. However, in the long-term follow-up studies, instrument complications,
such as pseudarthrosis and reconstruction failure, are much more common in the ACDF
group (incidence rate = 36.5%)3 than in the LAMP group [4,5,8,9]. This may be ascribed
to a higher reoperation rate in the ACDF group than the LAMP group in the long-term
follow-up. Another study by Lee et al. found 36.3% and 9.1% incidence complications rate
and revision rate, respectively, in the ACDF group [5].

Although the incidence of perioperative complications of LAMP for CSM patients
is higher, this approach is not a risk factor for postoperative mortality. This result is
consistent with a previous study by Morishita et al. [6]; however, our study revealed
that congestive heart failure (CHF) may be a risk factor for postoperative mortality. Var-
ious previous studies have demonstrated heart failure as an established risk factor for
postoperative mortality [21–24] not only for inpatient surgery but also for ambulatory non-
cardiac surgery [22]. The mortality risk progressively increases with the severity of heart
failure [21,22]. In addition to perioperative mortality, CHF also increases complications,
including reoperation, readmission, cardiac arrest, unplanned intubation, and ventilator
requirement > 48 h [24]. Although the exact mechanism is not clear, these complications
may be associated with an excessive amount of fluid administration and poor cardiac
output during the perioperative period [25]. Therefore, the importance of perioperative
care for heart failure patients should be underscored to reduce perioperative mortality
and complications.

Apart from various positive outcomes, this study also includes some limitations.
Though hospitals may follow patients longer, the ACS NSQIP PUF database retains the
follow-up data of only 30-day postoperative mortality and morbidity outcomes; hence,
preoperative disease severity and duration details may not be available. Moreover, the
analysis includes only acute complications, whereas the data on long-term complications,
such as the occurrence of adjacent segment disease for ACDF and alteration in kyphotic
angle and intractable neck pain for the LAMP group, could not be excluded. For multi-
level ACDF, the specific complications may include dysphagia, recurrent laryngeal nerve
palsy, pseudarthrosis, Horner syndrome, vertebral artery injury, adjacent segment disease,
esophageal perforation, and pseudoarthrosis [26]. Meanwhile, the complications associated
with LAMP may include postoperative kyphosis and loss of motion, postoperative neck
pain, and recurrent stenosis [27]. This database was extracted by diagnosis and surgical
coding, which does not reflect radiological data, cervical alignment, and severity of heart
failure; however, this information could influence the decision on the surgical method
chosen. Besides, it is difficult to clearly distinguish CSM from other diseases, such as con-
genital stenosis and posterior longitudinal ligament (OPLL), through coding. The decision
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on surgical methods largely depends on the surgeon’s experience and preference. This
bias could not be eliminated even after PSM. Besides, there are still differences existing
in preoperative characteristics between the two groups even after PSM. Moreover, the
database also lacked information about quality of life and cost-effectiveness, which is also
important in choosing surgical methods. Despite these limitations, we have presented a
large-scale study investigating perioperative complications of ACDF and LAMP for the
treatment of CSM.

5. Conclusions

LAMP is associated with a higher incidence of surgical wound infection than multilevel
ACDF in the short term after the operation. However, no significant difference between these
approaches was observed in the rate of systemic complications or postoperative mortality.
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