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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.

Introduction loskeletal surveillance is rare in adulthood throughout North America.

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

Cerebral palsy (CP) is a heterogenous group of disorders affecting
muscle tone and the development of movement and posture. Affecting
approximately 2 out of every 1,000 live births in developed countries,
CP is the most common motor disability amongst children [1-4].

There are multiple reasons CP can have cervical spine effects. Spas-
ticity is found in approximately 75% of CP cases, with significant gait
and musculoskeletal effects [5]. Dystonia and dyskinesia can be found in
many [6-8]. A multidisciplinary approach is often employed throughout
childhood to maximize function and quality of life, but regular muscu-
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ously underrecognized in this population, perhaps because of the mis-
attribution of symptoms to the natural course of CP [7].

Since Anderson et al first documented two cases of cervical myelopa-
thy in CP patients, several case series have described the association
between CP and cervical myelopathy [9,10]. Radiographic studies com-
paring the cervical spines of CP patients and non-CP patients have impli-
cated listhetic instability, disc degeneration, and cervical stenosis in the
pathogenesis 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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neck flexion-extension at higher velocities than non-CP patients, thereby
subjecting cervical articulations to greater stress [12].
While conservative measures are the mainstay of treatment for many
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Table 2
Lengths of hospital stay of aggregate and propensity score matched cohorts
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Propensity Score Matched Propensity Score Matched

Aggregate Non-CP Cohort Aggregate CP Cohort Non-CP Cohort? 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

algorithm. NIS strata and discharge weights were also included in the
propensity score matching.

Multiple logistic analyses were used to assess the odds of adverse
events in patients with CP as compared to those without CP. These mod-
els controlled for age, sex, cumulative ECI, involvement of multiple op-
erative levels, and procedure approach. These analyses were performed
for entire cohort and matched cohort populations.

All multiple logistic regression models were constructed on weighted
records. The level of significance for all tests was set at p < 0.05. All
statistical analyses were performed using STATA version 13 (StataCorp
LP, College Station, TX).

Results
Full cohort analyses

After weighting to national estimates, 1,518,012 patients met criteria
for inclusion in the study. Of these, 4,554 (0.30%) had CP (Table 1).

On univariate analysis of demographic characteristics, CP patients
were 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%,
p = 0.006). The CP cohort had a higher incidence of overall comorbidity
burden as evidenced by Elixhauser Comorbidity Index (41.63% of CP
patients had one or more comorbidities, compared with 23.69% of non-
CP patients; p<0.001).

In terms of surgical approach, CP patients had higher rates of pos-
terior fusion (28.33% versus 13.17%, p < 0.001), and correspondingly
lower rates of anterior fusion. Additionally, CP patients had higher rates
of multi-level operations (50.00% versus 33.58%, p < 0.001).

Adverse events occurring within the in-hospital postoperative pe-
riod were then compared between the two patient cohorts (Table 3). CP
patients had higher incidences of AAE (6.33% compared with 2.63%,
p<0.001) and MAE (5.67% compared with 2.18%, p<0.001).

Multiple logistic regression models controlling for demographic and
operative factors were then constructed to determine the odds of postop-
erative adverse event occurrence in CP cases, with the aggregate non-CP
cohort used as the referent. Based on this analysis, there were increased
odds of AAE in CP patients (Odds Ratio [OR] = 1.73; 95% CI, 1.30-2.29;
p <0.001) and MAE (OR= 1.86; 95% CI, 1.38-2.50; p<0.001). There
were no differences in odds of SAE or mortality between the aggregate
CP and non-CP cohorts. These results are shown in the right column of
Table 3.

Propensity score matched analyses

As a separate analysis to evaluate the robustness of the multiple lo-
gistic regression model findings, a non-CP cohort was assembled that
was matched to CP cases on the basis of age, sex, comorbidity burden,
involvement of multiple operative levels, and procedure approach.

After matching, there were no longer any differences in age, sex,
comorbidity burden, involvement of multiple operative levels, nor pro-
cedure approach. However, 269 CP cases were unable to be matched
to a similar non-CP case, resulting in the matched CP cohort being

smaller than the aggregate CP cohort. The preoperative characteris-
tics and lengths of hospital stay of the matched cohort are included in
Table 1 and 2.

Similarly, logistic regression models to determine the odds of adverse
events among the propensity matched cohort was performed to further
control for patient-specific differences in selected preoperative and op-
erative variables. Statistical significance for 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) was maintained in the propensity matched analysis. These
findings are shown in Table 3 and by forest plot in Figure 1.

Discussion

The recognition that adults with CP are at risk for spinal stenosis has
led clinicians in the CP community to increase surveillance and referral
for cervical pathology in this population. As myelopathy is often consid-
ered for surgical intervention, there is a need to understand the safety of
such interventions in this potentially compromised patient population.
As such, the current study aimed to characterize the in-hospital odds of
complications associated with cervical spinal fusion in cases with CP,
compared to cases without CP.

A relatively small percentage of patients undergoing cervical spine
surgery had CP (0.30%). This highlights the fact that single institution
studies make it difficult to statistically power studies of this population.
It was based on this that the NIS database was utilized, as has been done
in other spine-related studies.

Patients with CP undergoing cervical fusion were significantly
younger and more commonly male than those in a control (non-CP)
cohort. The mean age of CP patients undergoing cervical fusion in the
present study is 53.8 years. Prior studies have showed a similar age
distribution between 45 and 55.3 years [7,11,13,14]. The operative ap-
proach of CP and non-CP cases significantly differed. CP cases were more
likely to undergo posterior fusion and less likely to undergo anterior fu-
sion than the control group, and had a higher rate of multi-level oper-
ations. The higher rate of multilevel surgery may indicate that individ-
uals with CP have more extensive degenerative conditions and cervical
stenosis. Additionally, these cases may be more likely to have proce-
dures performed for myelopathy.

Based on multivariate analyses controlling for age, comorbidities,
and surgical variables, those with CP were more likely to have minor
and any adverse events (ORs of 1.73 and 1.86) than the non-CP referent.
The increased incidence of many types of adverse events likely combine
to 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
various adverse events stems from the underlying secondary disability
caused by progressive cervical spine pathology and speaks to the urgent
nature of early diagnosis and treatment.

To control for confounding in a different manner from multiple logis-
tic regression, propensity matching was performed on the basis of demo-
graphic, comorbidity, and surgical variables. This represents a distinct
statistical methodology from multiple logistic regression and served to
test the robustness of the model findings. In the matched models, those
with CP had higher odds of minor and any adverse events (ORs of 1.72
and 2.07) than the matched non-CP referent. Importantly, in-hospital
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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"
SMultivariate 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

T 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

Type of adverse event

Any adverse event — 1"HSH% R () +,H#- H% & /48 &1%
Serious adverse event » 1"HSH/R() *+,#-#/&(21D(&/%
Minor adverse event —_— . HSH(&/') *+H- H%& (/B3&+'
Mortality » 1"HSH(R %6/ o+, H-H/&(%D(/&*/

1"#1 #'1

#"1 #lumn
Odds Ratio (95% Cl)

Matched cases on age, sex, ECI, 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

serious adverse events and mortality were not different between the un-
matched or matched CP and non-CP cohorts.

Any surgical intervention needs to balance risks and benefits. As
more attention is being given to cervical spine conditions in the CP popu-
lation, more affected patients are being recognized, optimizing the care
for this population is clearly important. The present study found that
any and minor adverse events (i.e., pneumonia, UTI, and renal failure)
occurred at increased rates in the CP group. While this study was not
able to detect the precise mechanism for these differences, prior stud-
ies have suggested that greater degree of preoperative kyphosis, lack
of antifibrinolytic use, increased estimated blood loss, and poor nutri-
tion status may contribute to greater risks of postoperative pulmonary
complications and UTI in CP patients [16,17]. Nevertheless, the find-
ing that CP patients experienced in-hospital serious adverse events and
mortality at equivalent rates relative to non-CP patients supports the

role for cervical spine surgery in this population. Importantly, medi-
cal optimization prior to surgery should be pursued to ensure effective
operative outcomes. In addition, an interdisciplinary approach incor-
porating physical therapists, neurosurgeons, neurologists, physiatrists,
and orthopaedic surgeons remains a highly recommended strategy for
optimal perioperative management of this medically-complex patient
population [18].

There are limitations to the present study that should be noted. Fore-
most among them is the retrospective nature of the study and poten-
tial study group biases that may not have been fully addressed by the
propensity score matching and multiple logistic regression analyses. Sec-
ond, there are intrinsic limitations associated with the administrative
data from the National Inpatient Sample; however, this type of dataset
was needed to achieve statistical power necessary to evaluate this rela-
tively rare population. Further, the dataset does not delineate between
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classifications of CP; geographic, motor types, and functional classes
were not available for the study population. Third, decreased overall
life expectancy of CP patients relative to the general population could
introduce a survivorship bias; however, the propensity score matching
employed in the present study served to minimize potential bias by al-
lowing us to compare patients of similar age, sex, and comorbidity bur-
den distributions with versus without CP. Finally, granular surgical data
such and post-discharge outcomes were not available in this dataset.

Conclusions

Overall, the current study defined the national CP population under-
going cervical spine surgery. As there is increasing awareness of poten-
tially cervical pathology in the CP population, [8] the findings reported
here suggest that surgical intervention for this population can be appro-
priately considered without severe in-hospital morbidity or mortality.
The relative safety of cervical fusion in the CP population with respect
to serious adverse events and mortality suggests that, like in the general
population, cervical fusion may be utilized in this unique population.
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