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Predictors of reoperation for spinal disorders in Chiari
malformation patients with prior surgical decompression

ABSTRACT

Background: Chiari malformation (CM) is a cluster of related developmental anomalies of the posterior fossa ranging from asymptomatic
to fatal. Cranial and spinal decompression can help alleviate symptoms of increased cerebrospinal fluid pressure and correct spinal deformity.
As surgical intervention for CM increases in frequency, understanding predictors of reoperation may help optimize neurosurgical planning.
Materials and Methods: This was a retrospective analysis of the prospectively collected Healthcare Cost and Utilization Project’s California
State Inpatient Database years 2004-2011. Chiari malformation Types 1-4 (queried with ICD-9 CM codes) with associated spinal pathologies
undergoing stand-alone spinal decompression (queried with ICD-9 CM procedure codes) were included. Cranial decompressions were excluded.
Results: One thousand four hundred and forty-six patients (29.28 years, 55.6% of females) were included. Fifty-eight patients (4.01%) required
reoperation (67 reoperations). Patients aged 40-50 years had the most reoperations (11); however, patients aged 15-20 years had a significantly
higher reoperation rate than all other groups (15.5% vs. 8.2%, P = 0.048). Female gender was significantly associated with reoperation (67.2% vs.
55.6%, P = 0.006). Medical comorbidities associated with reoperation included chronic lung disease (19% vs. 6.9%, P < 0.001), iron deficiency
anemia (10.3% vs.4.1%, P=0.024), and renal failure (3.4% vs. 0.9%, P=0.05). Associated significant cluster anomalies included spina bifida (48.3%
vs. 34.8%, P = 0.035), tethered cord syndrome (6.9% vs. 2.1%, P = 0.015), syringomyelia (12.1% vs. 5.9%, P = 0.054), hydrocephalus (37.9% vs.
17.7%, P < 0.001), scoliosis (13.8% vs. 6.4%, P = 0.028), and ventricular septal defect (6.9% vs. 2.3%, P = 0.026).

Conclusions: Multiple medical and CM-specific comorbidities

were associated with reoperation. Addressing them, where possible,
may aid in improving CM surgery outcomes.
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INTRODUCTION

Chiari malformations (CM) denote a spectrum of hindbrain
abnormalities, characterized by varying degrees of caudal
herniation of the hindbrain structures (cerebellum, pons,
and medulla oblongata) through the foramen magnum.!'!
These malformations are classified into three types based
on the anatomical morphology and severity of the defect.!!
Treatment of CMs are largely symptom based and include
medical and surgical management.

Operative interventions for CM are considered when
affected individuals experience persistent and debilitating
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symptoms.*3 The goals of surgery are to relieve pressure on
the relevant hindbrain structures and to restore the normal
cerebrospinal fluid (CSF) flow across the craniovertebral
junction, which is most commonly done by decompression
of the posterior fossa and foramen magnum.>’! Reasons for
CM reoperation include persisting neurological symptoms,
inadequate initial decompression, faulty stent placements,
and development of postoperative complications.®*!

With the number of CM patients being treated with
spinal decompression increasing,, it becomes even more
important to investigate which patients may be at risk
for poor outcomes.” Therefore, it becomes increasingly
imperative to understand the risk factors that may lead to
revision surgery. To our knowledge, there is very little in the
literature on possible predictors for reoperation. Thus, this
study aims to investigate the predictors of reoperation in
CM patients with previous surgical history of stand-alone
spinal decompression.

MATERIALS AND METHODS

Study design and data source

This was a retrospective cohort analysis of prospectively
collected data from the Healthcare Cost and Utilization Project’s
California State Inpatient Database (HCUP-CSID) during the
years 2004-2011. The HCUP-CSID was constructed using data
files from the California State Department of Health’s Statewide
Planning and Research Cooperative System. Data elements in
the HCUP-CSID include patient demographics, admission and
discharge status, total hospital charges, and length of stay,
as well as procedural information and diagnoses as per the
International Classification of Diseases Ninth Revision-Clinical
Modification (ICD-9-CM) codes. Unique patient-specific linkage
codes allowed for longitudinal tracking of patients within the
study period. The local Institutional Review Board waived the
need for informed consent, as the HCUP-CSID is publicly available
and de-identified. Discharges and procedures were coded in the
ICD-9-CM format.!""!

Inclusion and exclusion criteria

Patients with a diagnosis of CMs of all types were identified.
CMs were assessed by Chiari type using ICD-9-CM codes:
Type 1 (ICD-9-CM 348.4), Type 2 (741.00, 741.01, 741.02,
or 741.03 without another Chiari code), Type 3 (742.0), and
Type 4 (742.2). Reoperations, surgical complications, and
comorbidities were identified. We included all patients with
a Chiari diagnosis from 2004 to 2011 in the database for a
total of 1446 patients.

Statistical analysis
All statistical analyses were performed using SPSS

version 23.0 (Armonk, NY, USA: IBM), alongside data preparation
using Microsoft Excel 2016 MSO (Redmond, WA, USA:
Microsoft). Rates of reoperation and associated characteristics
were investigated using contingency tables in each CM cohort.
The aforementioned were generated by an algorithm, which
selected all those associations co-occurring in at least 0.5% of
the unweighted population. This cutoff allowed us to avoid
over-representation due to heavily weighted data points in
our final assessment. Rates of reoperation and co-occurring
demographics on the weighted population of discharged CM
patients were then determined by re-generating cross-tabulations
for the top-paired associations that met this threshold.

Pearson’s Chi-squared (y?) tests of independence were
utilized to explore significant differences in proportions
of reoperations between CM types and other demographic
factors. P < 0.05 was considered statistically significant.

RESULTS

Cohort overview

Overall, 1446 CM patients were isolated in the HCUP-CSID and
included in this analysis. The cohort was comprised of 55.6%
of female patients, with a mean patient age of 29.9 years.
There were 58 patients (4.01%) who underwent reoperation
following their initial spinal decompression surgery.

Surgical overview

Of the 1446 included CM patients who were initially treated
with stand-alone spinal decompression, 58 (4.01%) patients
underwent a total of 67 reoperations. Of these reoperations,
57 (85.1%) included re-decompression and 10 (14.9%) included
fusion only.

Compatrison of initial and reoperation and nonreoperation
patients

While patients between the ages of 40-50 years had the
most reoperations of any age group (11 reoperations),
patients between the ages of 15-20 years had the highest
reoperation rate compared to other age groups (15.5% vs.
8.2%, P = 0.048). Furthermore, gender was significantly
associated with reoperation, with 67.2% of reoperations
being female (P = 0.006).

Medical comorbidities associated with reoperation
Medical comorbidities associated with reoperation included
chronic lung disease (19% vs. 6.9%, P < 0.001), iron deficiency
anemia (10.3% vs. 4.1%, P = 0.024), and renal failure (3.4% vs.
0.9%, P = 0.05) [Table 1]. Other common medical conditions
including chronic heart failure, hypertension, obesity,
and depression were not significantly related to rates of
reoperation (all P > 0.05).
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Clusters of anomalies associated with reoperation
Congenital clusters of anomalies related to CM were
also associated with increased rates of reoperation. This
included those primarily associated with the spine, such
as spina bifida (48.3% vs. 34.8%, P = 0.035), tethered cord
syndrome (6.9% vs. 2.1%, P = 0.015), syringomyelia (12.1%
vs. 5.9%, P = 0.054), and scoliosis (13.8% vs. 6.4%,
P = 0.028) [Table 2]. Other notable congenital anomalies
involved pathological conditions of the brain and heart,
including hydrocephalus (37.9% vs. 17.7%, P < 0.001) and
ventricular septal defect (VSD) (6.9% vs. 2.3%, P = 0.026).
However, other cardiac-related anomalies, such as atrial
septal defects, patent ductus arteriosus, and coarctation
of the aorta were not significantly associated with
reoperation (all P > 0.05).

DISCUSSION

CM diagnoses are commonly treated through spinal
decompression surgery, and when successful, these
interventions provide a marked improvement in clinical
outcomes."” As the frequency of surgical intervention
for CM has increased, so have the rates of perioperative
complications and reoperations. The correlation between
patient factors and the need for revision surgery following
initial spinal decompression surgery is not well understood,
though previous studies have suggested that some patient
factors may lead to an increased probability that revision
surgery will be needed.'314

Table 1: Medical comorbidities associated with reoperation

Reoperation Nonreoperation P
(%) (%)
Chronic lung disease 19 6.9 <0.001
Iron deficiency anemia 10.3 4.1 0.024
Renal failure 3.4 0.9 0.05
Depression 1.7 1.4 0.133
Hypertension 11.9 9.8 0.166
Diabetes 19.4 19.0 0.221
Chronic heart failure 17.9 19.2 0.33

Table 2: Congenital anomalies associated with reoperation

Reoperation  Nonreoperation P
(%) (%)
Spina bifida 48.3 34.8 0.035
Tethered cord syndrome 6.9 2.1 0.015
Syringomyelia 12.1 5.9 0.054
Scoliosis 13.8 6.4 0.028
Hydrocephalus 37.9 17.7 <0.001
Ventricular septal defect 6.9 2.3 0.026
Atrial septal defect 5.5 7.1 0.421
Patent ductus arteriosus 1.4 1.0 0.185

In this study, we examined the demographic and comorbidity
parameters as well as rates of reoperation for 1446 CM
patients who underwent initial spinal decompression surgery,
to study the relationship between patient-specific parameters
and rates of reoperation. Overall, our study found that
58 (4.01%) patients underwent a total of 67 reoperations,
and that of these reoperations 57 included re-decompression
while 10 included fusions only.

Our study found that certain demographic features were
associated with increased rates of reoperation for patients
with CM. Of interest was the finding that CM patients aged
15-20 years had the highest rate of reoperation compared to
other age groups (15.5% vs. 8.2%, P = 0.048). As many patients
with CM have near normal life expectancy (particularly for
the Type I subtype),['>!" this may indicate that the potential
benefits of reoperation in a younger patient may outweigh
the risks in providing many years of improved health. The
lower rates of reoperation in older patients may indicate
that surgeons are less tolerant of the risks associated with
reoperation in older patients who are generally less healthy
and for whom the revision surgery may provide fewer years of
benefit for. Overall, these demographic trends in reoperation
rates suggest that it is worth considering how much benefit
a patient may receive from reoperation when planning their
treatment.

In addition, it was found that various medical comorbidities
were associated with increased rates of reoperation in
patients with CM. Among these factors include chronic
lung disease (19% vs. 6.9%, P < 0.001), iron deficiency
anemia (10.3% vs. 4.1%, P = 0.024), and renal failure (3.4% vs.
0.9%, P = 0.05). This suggests that it is necessary to consider
what medical comorbidities a patient has in determining
whether they should be candidates for surgery.

Perhaps most interesting are the clusters of anomalies
associated with increased rates of reoperation as these
appear to be associated with syrinx formation and
the embryological basis of CM. Our study found that
abnormalities associated with syrinx formation including
spina bifida (48.3% vs. 34.8%, P = 0.035), tethered cord
syndrome (6.9% vs. 2.1%, P = 0.015), syringomyelia (12.1%
vs. 5.9%, P = 0.054), scoliosis (13.8% vs. 6.4%, P = 0.028),
and hydrocephalus (37.9% vs. 17.7%, P < 0.001) were
associated with higher rates of reoperation. Many theories
have been proposed regarding the pathophysiology of syrinx
formation in the setting of CM, including intramedullary
and extramedullary obstruction to CSF flow at the level
of the foramen magnum.!'®?° Worsening obstruction and
deformity likely contribute to the spectrum of disease seen
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in CM, with higher rates of hydrocephaly and encephalocele
with worsening disease. Depending on the degree of
underlying posterior fossa hypoplasia, various neurologic
associations including spina bifida, tethered cord syndrome,
syringomyelia, and hydrocephalus can manifest. Our study
also found that scoliosis is associated with increased rates of
reoperation. Previous research reported that the increased
rates of scoliosis in patients with CM may be caused by
increased pressure from the expansive syrinx interfering with
postural reflexes responsible for trunk musculature causing
postural imbalance and musculoskeletal deformity.?'?? This
is supported by studies that have demonstrated improvement
in scoliosis following CM decompression surgery.!*2
Finally, we found increased rates of reoperation among
CM patients with VSD (6.9% vs. 2.3%, P = 0.026). CM has
been described as malformations due to inadequacy of the
para-axial mesoderm after neural tube closure, which leads
to posterior fossa hypoplasia and the associated symptoms
and neurologic dysfunction.” It may be hypothesized that
with more severe derangement in mesodermal growth
and development, other mesodermal derivatives including
cardiac tissue may also be affected, resulting in congenital
heart defects. These disturbances in mesodermal tissue may
indicate that CM patients with ventricular septal involvement
have worse disease, helping to explain the increase in rates of
reoperation. As CM varies in presentation between patients
and often affects multiple organ systems, understanding the
clusters of abnormalities associated with increased rates of
reoperation can be beneficial in determining which patients
are the best candidates for surgery and which may need
additional monitoring after initial spinal decompression
surgery.

More recently, there have been controversial discussions
around managing symptomatic CM with solely atlantoaxial
stabilization (with plate and screw fixation). This has stemmed
from two proposed theories: that basilar invagination and CM
have similar etiologies and the associated syringomyelia is
due to C1-2 instability (subtle or apparent), and that cerebellar
tonsillar herniation may be a compensatory protective
mechanism to buffer the spinal cord from the detrimental
effects of atlantoaxial instability.?>?” Definitions of atlantoaxial
instability have varied in the literature but have been accepted
as atlantodental intervals on radiographs of at least 3 mm
in adults and 5 mm in children, or atlantodental intervals
on computed tomography of at least 2 mm in adults.33!l
Numerous studies have investigated atlantoaxial instability
as the pathophysiological basis for CM, but none have
been able to definitively support or refute it.?? The clinical
benefit of decompression alone for CM has been proven.?334
Therefore, it is still not currently possible to recommend sole

atlantoaxial stabilization for the management of symptomatic
CM. However, it would be prudent to assess any symptomatic
CM patient for atlantoaxial instability coexistence, and
subsequently determine if C1-2 stabilization procedures are
also warranted.”>%! Although data on atlantoaxial instability
were unavailable to us in this study, further prospective
studies examining a potential relationship with reoperation
after decompression surgery will be beneficial to improving
knowledge in this field.

We acknowledge limitations to this study inherent to the
use of a retrospective review of large administrative patient
databases. Patients were identified using ICD-9-CM coding
definitions, which is a potential source of error if coding
inaccuracies or misclassifications occur. These codes are
often inputted by medical staff with varying levels of clinical
training and oversight, which may lead to underreporting or
omission of both diagnoses and their various associations. As
such, estimates of coding accuracy have been estimated at
approximately 80%.°%%" Furthermore, the HCUP-CSID is reliant
on inpatient data from patients in California which may not
be completely representative of the general demographics of
CM patients in the United States and does not include data
for same-day operations. Nonetheless, to our knowledge,
this is the largest retrospective cohort study examining the
potential predictive characteristics of reoperation in CM
patients following initial spinal decompression surgery.

CONCLUSIONS

There are numerous patient factors associated with increased
rates of reoperation in CM patients who undergo initial spinal
decompression surgery. We found that female patients aged
15-20 years undergo significantly more reoperations after
index decompression compared to other CM patients. We
also found that patients with non-CM-related comorbidities
including chronic lung disease and anemia have higher
rates of reoperation. Finally, patients with CM-specific
comorbidities including spina bifida, tethered cord,
syringomyelia, hydrocephalus, scoliosis, and VSD also had
higher rates of reoperation. In conclusion, understanding the
patient factors associated with increased rates of reoperation
can be useful in surgical planning as it can help determine
which patients are the best surgical candidates and lead
to better postoperative care through closer monitoring of
patients with CM who are more likely to need reoperation.
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