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Background: Patients with cerebral palsy (CP) are at increased risk for cervical spine pathology. Cervical fusion 

surgery may be considered in this population, but perioperative outcomes relative to patients without CP remains 

poorly understood. The purpose of this study was to compare in-hospital complications after cervical fusion in 

patients with versus without cerebral palsy (CP) using a retrospective cohort design. 

Methods: Cervical fusion cases with and without CP were identified in the National Inpatient Sample (NIS) 

database. In-hospital adverse events were tabulated and grouped into any (AAE), serious (SAE), and minor adverse 

events (MAE). Length of hospital stay (LOS) and mortality were assessed. Multiple logistic regression models 

with and without 1:1 propensity matching were used to compare outcomes between cases with and without CP, 

controlling for demographic and preoperative variables. 

Results: After weighting, 1,518,012 cases were included in the study population, of which 4,554 (0.30%) had 

CP. Those with CP were younger, more often male, suffered more comorbidities, more frequently operated on 

from a posterior or combined approach, and were more frequently addressed at more than one level. By multiple 

logistic regression after matching, CP cases had higher odds of AAE (OR 1.72; 95% CI 1.05-2.81; p = 0.030) and 

MAE (OR 2.07; 95% CI 1.20-3.57; p = 0.009), but no differences in odds of SAE or in-hospital mortality. 

Conclusions: As there is increasing awareness of potentially cervical pathology in the CP population, the current 

study suggests that surgical intervention for this population can be appropriately considered without severe in- 

hospital morbidity or mortality. 

I

 

m  

a  

C

 

t  

a  

m  

c  

O

p

l  

I  

o  

a

 

t  

b  

p  

c  

p  

[  

h

R

A

2

l

ntroduction 

Cerebral palsy (CP) is a heterogenous group of disorders affecting

uscle tone and the development of movement and posture. Affecting

pproximately 2 out of every 1,000 live births in developed countries,

P is the most common motor disability amongst children [1–4] . 

There are multiple reasons CP can have cervical spine effects. Spas-

icity is found in approximately 75% of CP cases, with significant gait

nd musculoskeletal effects [5] . Dystonia and dyskinesia can be found in

any [6–8] . A multidisciplinary approach is often employed throughout

hildhood to maximize function and quality of life, but regular muscu-
FDA device/drug status: Not applicable. 

Author disclosures: ARG : Nothing to disclose. SMG : Nothing to disclose. MRM : N

ther: NASSJ (D). DBF : Consulting: Orthofix (B); Ultragenyx (B). 
☆ Given his role as Editor in Chief, Jonathan Grauer, MD had no involvement in 

eer-review. Full responsibility for the editorial process for this article was delegated
∗ Corresponding author at: PO Box 208071, New Haven, CT 06520-8071 

E-mail address: david.frumberg@yale.edu (D.B. Frumberg) . 

ttps://doi.org/10.1016/j.xnsj.2022.100167 

eceived 5 August 2022; Received in revised form 29 August 2022; Accepted 29 Aug

vailable online 6 September 2022 

666-5484/© 2022 The Author(s). Published by Elsevier Ltd on behalf of North Ame

icense ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
oskeletal surveillance is rare in adulthood throughout North America.

t has thus been proposed that cervical spine pathology has been previ-

usly underrecognized in this population, perhaps because of the mis-

ttribution of symptoms to the natural course of CP [7] . 

Since Anderson et al first documented two cases of cervical myelopa-

hy in CP patients, several case series have described the association

etween CP and cervical myelopathy [9 , 10] . Radiographic studies com-

aring the cervical spines of CP patients and non-CP patients have impli-

ated listhetic instability, disc degeneration, and cervical stenosis in the

athogenesis of accelerated cervical spine degeneration in CP patients.

11] Motion analysis by Ebara et al found that CP patients engage in
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eck flexion-extension at higher velocities than non-CP patients, thereby

ubjecting cervical articulations to greater stress [12] . 

While conservative measures are the mainstay of treatment for many

ervical spine conditions, myelopathy in particular is typically consid-

red for surgical intervention. Nonetheless, little information exists re-

arding the operative risk associated with performing cervical spinal

usions in patients with CP. Prior studies examining spinal fusion in CP

atients have focused on factors such as long-term survival, patient sat-

sfaction, and life expectancy [13 , 14] . 

Thus, the current study sought to leverage the statistical power of a

arge, national database to describe the demographics, clinical charac-

eristics, and in-hospital postoperative complication profiles of CP cases

ndergoing cervical fusion surgery relative to those without CP. 

ethods 

ata source 

The present study utilized a retrospective, cross-sectional design to

nalyze data from the 2008-2018 National Inpatient Sample (NIS). Our

nstitution’s Human Investigations Committee deemed this study Not

uman Research because the data source only comprised de-identified

atient information. 

NIS is the largest longitudinal all-payer dataset of inpatient hospital

pisodes in the United States. After weighting to extrapolate the national

ample to national numbers, more than 35 million hospitalizations are

oted annually. The scale of the NIS data allows the study relatively

mall cohorts, for which single institution data may be inadequate. 

tudy population 

The 2008-2018 NIS was queried for adult (greater than or equal to

ighteen years of age) cases undergoing cervical spine surgeries using

he International Classification of Diagnoses, 9 th Revision (ICD-9) and

CD-10 procedure codes. Cases performed for degenerative indications

ere identified using ICD-9 and ICD-10 diagnostic codes. Cases per-

ormed for indications involving trauma, infection, and neoplasia, as

ell as non-elective cases were excluded. 

Cases with CP were then identified using ICD-9 and ICD-10 diagnos-

ic codes. Age and sex were directly abstracted from the dataset. Over-

ll comorbidity burden of each case was approximated using Elixhauser

omorbidity Index (ECI) score and grouped into the following bins: 0

omorbidities, 1-5 comorbidities, and greater than 5 comorbidities. 

utcome variables 

Length of hospital stay (LOS) and in-hospital mortality were directly

bstracted from the dataset. In-hospital adverse events were assessed

sing ICD codes. These were then aggregated into: minor adverse event

MAE; pneumonia or urinary tract infection) and serious adverse event

SAE; surgical site infection, sepsis, post-operative renal failure, venous

hromboembolism, cardiac arrest, myocardial infarction, or stroke). The

ccurrence of any adverse event (AAE) was defined as the occurrence of

t least one MAE or SAE. In-hospital morality was separately tabulated.

tatistical analysis 

Patient demographic and comorbidity characteristics were compared

sing chi-squared analysis for categorical data and student’s T-tests or

NOVA for continuous data. 

Next, 1:1 propensity score matching was performed to addresses po-

ential selection biases in the selection of cohorts, a technique that has

een found to be particularly useful when evaluating relatively rare

onditions [15] . The CP and non-CP cohorts were matched for age,

ex, comorbidity burden, and surgical variables with the PSMATCH2
2 
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Table 2 

Lengths of hospital stay of aggregate and propensity score matched cohorts 

Aggregate Non-CP Cohort Aggregate CP Cohort 

Propensity Score Matched 

Non-CP Cohort §
Propensity Score Matched 

CP Cohort §

Total 

Patients = 1,518,012 1,513,458 99.70% 4,554 0.30% 4,285 50.00% 4,285 50.00% 

Median IQR Median IQR ∗ p-value Median IQR Median IQR ∗ p-value 

Length of Stay (days) 1.0 1 - 2 2.0 1 - 4 < 0.001 2.0 1-3 2.0 1-4 < 0.001 

∗ Statistically significant at p < 0.05 
§ Matched on age, sex, Elixhauser Comorbidity Index, procedure approach, and multiple operative levelsCP = Cerebral Palsy 
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lgorithm. NIS strata and discharge weights were also included in the

ropensity score matching. 

Multiple logistic analyses were used to assess the odds of adverse

vents in patients with CP as compared to those without CP. These mod-

ls controlled for age, sex, cumulative ECI, involvement of multiple op-

rative levels, and procedure approach. These analyses were performed

or entire cohort and matched cohort populations. 

All multiple logistic regression models were constructed on weighted

ecords. The level of significance for all tests was set at p < 0.05. All

tatistical analyses were performed using STATA version 13 (StataCorp

P, College Station, TX). 

esults 

ull cohort analyses 

After weighting to national estimates, 1,518,012 patients met criteria

or inclusion in the study. Of these, 4,554 (0.30%) had CP ( Table 1 ). 

On univariate analysis of demographic characteristics, CP patients

ere younger (mean age of 53.5 years versus mean age of 55.8 years, p

 0.001) and had a higher proportion of males (53.33% versus 48.16%,

 = 0.006). The CP cohort had a higher incidence of overall comorbidity

urden as evidenced by Elixhauser Comorbidity Index (41.63% of CP

atients had one or more comorbidities, compared with 23.69% of non-

P patients; p < 0.001). 

In terms of surgical approach, CP patients had higher rates of pos-

erior fusion (28.33% versus 13.17%, p < 0.001), and correspondingly

ower rates of anterior fusion. Additionally, CP patients had higher rates

f multi-level operations (50.00% versus 33.58%, p < 0.001). 

Adverse events occurring within the in-hospital postoperative pe-

iod were then compared between the two patient cohorts ( Table 3 ). CP

atients had higher incidences of AAE (6.33% compared with 2.63%,

 < 0.001) and MAE (5.67% compared with 2.18%, p < 0.001). 

Multiple logistic regression models controlling for demographic and

perative factors were then constructed to determine the odds of postop-

rative adverse event occurrence in CP cases, with the aggregate non-CP

ohort used as the referent. Based on this analysis, there were increased

dds of AAE in CP patients (Odds Ratio [OR] = 1.73; 95% CI, 1.30-2.29;

 < 0.001) and MAE (OR = 1.86; 95% CI, 1.38-2.50; p < 0.001). There

ere no differences in odds of SAE or mortality between the aggregate

P and non-CP cohorts. These results are shown in the right column of

able 3 . 

ropensity score matched analyses 

As a separate analysis to evaluate the robustness of the multiple lo-

istic regression model findings, a non-CP cohort was assembled that

as matched to CP cases on the basis of age, sex, comorbidity burden,

nvolvement of multiple operative levels, and procedure approach. 

After matching, there were no longer any differences in age, sex,

omorbidity burden, involvement of multiple operative levels, nor pro-

edure approach. However, 269 CP cases were unable to be matched

o a similar non-CP case, resulting in the matched CP cohort being
3 
maller than the aggregate CP cohort. The preoperative characteris-

ics and lengths of hospital stay of the matched cohort are included in

able 1 and 2 . 

Similarly, logistic regression models to determine the odds of adverse

vents among the propensity matched cohort was performed to further

ontrol for patient-specific differences in selected preoperative and op-

rative variables. Statistical significance for odds of AAE (OR = 1.72;

5% CI, 1.05-2.81; p = 0.030), and MAE (OR = 2.07; 95% CI, 1.20-3.57;

 = 0.009) was maintained in the propensity matched analysis. These

ndings are shown in Table 3 and by forest plot in Figure 1 . 

iscussion 

The recognition that adults with CP are at risk for spinal stenosis has

ed clinicians in the CP community to increase surveillance and referral

or cervical pathology in this population. As myelopathy is often consid-

red for surgical intervention, there is a need to understand the safety of

uch interventions in this potentially compromised patient population.

s such, the current study aimed to characterize the in-hospital odds of

omplications associated with cervical spinal fusion in cases with CP,

ompared to cases without CP. 

A relatively small percentage of patients undergoing cervical spine

urgery had CP (0.30%). This highlights the fact that single institution

tudies make it difficult to statistically power studies of this population.

t was based on this that the NIS database was utilized, as has been done

n other spine-related studies. 

Patients with CP undergoing cervical fusion were significantly

ounger and more commonly male than those in a control (non-CP)

ohort. The mean age of CP patients undergoing cervical fusion in the

resent study is 53.8 years. Prior studies have showed a similar age

istribution between 45 and 55.3 years [7 , 11 , 13 , 14] . The operative ap-

roach of CP and non-CP cases significantly differed. CP cases were more

ikely to undergo posterior fusion and less likely to undergo anterior fu-

ion than the control group, and had a higher rate of multi-level oper-

tions. The higher rate of multilevel surgery may indicate that individ-

als with CP have more extensive degenerative conditions and cervical

tenosis. Additionally, these cases may be more likely to have proce-

ures performed for myelopathy. 

Based on multivariate analyses controlling for age, comorbidities,

nd surgical variables, those with CP were more likely to have minor

nd any adverse events (ORs of 1.73 and 1.86) than the non-CP referent.

he increased incidence of many types of adverse events likely combine

o yield a median length of stay that is double that of the non-CP cohort

median: 2.0 vs. 1.0 days). The authors believe the higher risk for these

arious adverse events stems from the underlying secondary disability

aused by progressive cervical spine pathology and speaks to the urgent

ature of early diagnosis and treatment. 

To control for confounding in a different manner from multiple logis-

ic regression, propensity matching was performed on the basis of demo-

raphic, comorbidity, and surgical variables. This represents a distinct

tatistical methodology from multiple logistic regression and served to

est the robustness of the model findings. In the matched models, those

ith CP had higher odds of minor and any adverse events (ORs of 1.72

nd 2.07) than the matched non-CP referent. Importantly, in-hospital



A.R. Galivanche, S.M. Gillinov, M.R. Mercier et al. North American Spine Society Journal (NASSJ) 12 (2022) 100167 

Table 3 

Adverse events, returns to operating room, readmissions and mortality by cerebral palsy status 

Complication No Cerebral Palsy (Non-CP) Cerebral Palsy (CP) Multivariable Odds Ratio 

Controlled for Preoperative Variables † 

§Multivariate Propensity Matched Odds Ratio 

Total Patients = 1,518,012 1,513,458 99.70% 4,554 0.30% OR 95% CI p-value 

Any Adverse Event (AAE) 39,772 2.63% 288 6.33% 1.73 1.30 - 2.29 < 0.001 

§ 1.72 1.05-2.81 0.030 

Serious Adverse Event (SAE) 10,474 0.69% 39 0.87% 0.82 0.40 - 1.67 0.577 

§ 0.72 0.26-2.01 0.540 

Surgical site infection 213 0.01% 0 0.00% 

Sepsis 2,581 0.17% 24 0.53% 

Thromboembolic Events 4,402 0.29% 24 0.53% ‘ 

Cardiac Arrest 1,670 0.11% 0 0.00% 

MI 1,973 0.13% 0 0.00% 

Stroke 941 0.06% 0 0.00% 

Minor Adverse Event (MAE) 32,941 2.18% 258 5.67% 1.86 1.38 - 2.50 < 0.001 

§ 2.07 1.20-3.57 0.009 

Pneumonia 9,260 0.61% 90 1.97% 

UTI 17,457 1.15% 147 3.23% 

Renal Failure 8,653 0.57% 39 0.87% 

In-hospital mortality 1,670 0.11% 10 0.22% 1.47 0.36 - 5.96 0.589 

§ 2.10 0.21-20.9 0.527 

† Preoperative variables controlled for included age, sex, Elixhauser Comorbidity Index, procedure approach, and multiple operative 

levelsBolding indicates statistical significance at p < 0.05 
§ Propensity scores were generated based on age, sex, Elixhauser Comorbidity Index, procedure approach, and multiple operative levels 

Fig. 1. Propensity score matched odds ratios for in-hospital adverse events after cervical fusion in patients with cerebral palsy 
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erious adverse events and mortality were not different between the un-

atched or matched CP and non-CP cohorts. 

Any surgical intervention needs to balance risks and benefits. As

ore attention is being given to cervical spine conditions in the CP popu-

ation, more affected patients are being recognized, optimizing the care

or this population is clearly important. The present study found that

ny and minor adverse events (i.e., pneumonia, UTI, and renal failure)

ccurred at increased rates in the CP group. While this study was not

ble to detect the precise mechanism for these differences, prior stud-

es have suggested that greater degree of preoperative kyphosis, lack

f antifibrinolytic use, increased estimated blood loss, and poor nutri-

ion status may contribute to greater risks of postoperative pulmonary

omplications and UTI in CP patients [16 , 17] . Nevertheless, the find-

ng that CP patients experienced in-hospital serious adverse events and

ortality at equivalent rates relative to non-CP patients supports the
4 
ole for cervical spine surgery in this population. Importantly, medi-

al optimization prior to surgery should be pursued to ensure effective

perative outcomes. In addition, an interdisciplinary approach incor-

orating physical therapists, neurosurgeons, neurologists, physiatrists,

nd orthopaedic surgeons remains a highly recommended strategy for

ptimal perioperative management of this medically-complex patient

opulation [18] . 

There are limitations to the present study that should be noted. Fore-

ost among them is the retrospective nature of the study and poten-

ial study group biases that may not have been fully addressed by the

ropensity score matching and multiple logistic regression analyses. Sec-

nd, there are intrinsic limitations associated with the administrative

ata from the National Inpatient Sample; however, this type of dataset

as needed to achieve statistical power necessary to evaluate this rela-

ively rare population. Further, the dataset does not delineate between
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[  
lassifications of CP; geographic, motor types, and functional classes

ere not available for the study population. Third, decreased overall

ife expectancy of CP patients relative to the general population could

ntroduce a survivorship bias; however, the propensity score matching

mployed in the present study served to minimize potential bias by al-

owing us to compare patients of similar age, sex, and comorbidity bur-

en distributions with versus without CP. Finally, granular surgical data

uch and post-discharge outcomes were not available in this dataset. 

onclusions 

Overall, the current study defined the national CP population under-

oing cervical spine surgery. As there is increasing awareness of poten-

ially cervical pathology in the CP population, [8] the findings reported

ere suggest that surgical intervention for this population can be appro-

riately considered without severe in-hospital morbidity or mortality.

he relative safety of cervical fusion in the CP population with respect

o serious adverse events and mortality suggests that, like in the general

opulation, cervical fusion may be utilized in this unique population. 
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