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Abstract

Objective—Chiari malformation Type I (CM-I) is a common and often debilitating pediatric 

neurological disease. However, efforts to guide preoperative counseling and improve outcomes 

research are impeded by reliance on small, singlecenter studies. Consequently, the objective of this 

study was to investigate CM-I surgical outcomes using population-level administrative billing 

data.

Methods—The authors used Healthcare Cost and Utilization Project State Inpatient Databases 

(SID) to study pediatric patients undergoing surgical decompression for CM-I from 2004 to 2010 
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in California, Florida, and New York. They assessed the prevalence and influence of preoperative 

complex chronic conditions (CCC) among included patients. Outcomes included medical and 

surgical complications within 90 days of treatment. Multivariate logistic regression was used to 

identify risk factors for surgical complications.

Results—A total of 936 pediatric CM-I surgeries were identified for the study period. Overall, 

29.2% of patients were diagnosed with syringomyelia and 13.7% were diagnosed with scoliosis. 

Aside from syringomyelia and scoliosis, 30.3% of patients had at least 1 CCC, most commonly 

neuromuscular (15.2%) or congenital or genetic (8.4%) disease. Medical complications were 

uncommon, occurring in 2.6% of patients. By comparison, surgical complications were diagnosed 

in 12.7% of patients and typically included shunt-related complications (4.0%), meningitis (3.7%), 

and other neurosurgery-specific complications (7.4%). Major complications (e.g., stroke or 

myocardial infarction) occurred in 1.4% of patients. Among children with CCCs, only comorbid 

hydrocephalus was associated with a significantly increased risk of surgical complications (OR 

4.5, 95% CI 2.5–8.1).

Conclusions—Approximately 1 in 8 pediatric CM-I patients experienced a surgical 

complication, whereas medical complications were rare. Although CCCs were common in 

pediatric CM-I patients, only hydrocephalus was independently associated with increased risk of 

surgical events. These results may inform patient counseling and guide future research efforts.
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Identified in up to 4% of brain and cervical spine MRI studies, Chiari malformation Type I 

(CM-I) is a common diagnosis in children.21,27 While the surgical treatment of CM-I is one 

of the most common pediatric neurosurgical procedures,5 the evidence guiding CM-I 

management is derived primarily from single-center series from academic institutions. 

Therefore, although CM-I surgery is typically an elective intervention rooted in the 

assumption that benefits outweigh the risks of postoperative complications, there are 

currently insufficient data to guide patients and families considering surgery. To improve 

patient selection and preoperative counseling, large-scale, multicenter data are needed to 

assess the risks of operative morbidity.

One efficient method of studying treatment outcomes at a population level is through the use 

of administrative billing databases, which are produced by a variety of public and private 

organizations.12 Particularly useful for assessments of surgical morbidity, mortality, and 

resource utilization, administrative databases have been used to study the operative risk 

associated with a variety of neurosurgical interventions.4,20,29,30 Recent analyses using 

administrative claims data have shown that inpatient complications following adult CM-I 

surgery were remarkably common—occurring in almost one-fifth of cases— and were 

particularly prevalent in cases involving patients with certain preoperative comorbidities.9 To 

our knowledge, only one study has used billing data to investigate CM-I surgical outcomes 

in children. However, that study identified patients using billing codes of uncertain validity, 

focused exclusively on index admission complications rather than complications observed 
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after discharge from the initial hospitalization, and assessed comorbidities primarily relevant 

to adult populations.23

Addressing these shortcomings, the objective of this study was to use administrative billing 

data to evaluate the morbidity associated with pediatric CM-I surgery, with a particular focus 

on the influence of chronic preoperative comorbidities relevant to children.

Methods

Data Source

We used State Inpatient Databases (SID) produced by the Healthcare Cost and Utilization 

Project (HCUP) of the Agency for Healthcare Research and Quality (http://www.hcup-

us.ahrq.gov/sidoverview.jsp). The SID are comprehensive administrative databases 

containing billing information on diagnoses and procedures from all nonfederal hospital 

admissions in participating states. In addition, some SID include an encrypted patient 

identifier to link hospitalizations over time. We used data from the California, Florida, and 

New York SID, which all include the identifier linking hospitalizations, permitting 

longitudinal assessment of complications.

Inclusion/Exclusion Criteria

We used a recently validated International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) code algorithm (primary discharge diagnosis of 348.4 

plus a procedure code of 01.24 or 03.09)15 to identify CM-I surgeries. We included patients 

18 years or younger who received a CM-I decompression surgery in California (2004–2010), 

Florida (2006–2010), or New York (2006–2010). We chose this study period to allow 1 year 

prior to admission to assess preoperative comorbidities and 1 year after surgery to assess 

outcome. To ensure that index surgeries did not represent a complication from recent 

treatment, we excluded patients who underwent CM-I surgery in the year 2003 (California) 

or 2005 (Florida and New York). We also excluded patients whose home state was different 

from the state where they received surgery, since such patients may be readmitted to an out-

of-state hospital not included in the SID, as well as patients with a diagnosis code of 741.0 

(Chiari malformation Type II [CM-II]).

Comorbidities

To evaluate the impact of preoperative comorbidities on postoperative outcome, we focused 

on the influence of complex chronic conditions (CCCs) in children.8 Compared with the 

Elixhauser groupings6 often used to study adult patients,19,20 CCCs include diagnoses 

relevant to pediatric patients and have been used previously to study pediatric neurosurgical 

outcomes.25,26 In particular, this system uses ICD-9-CM diagnosis codes to define 

cardiovascular, congenital or genetic, gastrointestinal, hematological and immunodeficiency-

related, metabolic, neoplastic, neuromuscular, respiratory, and renal disease. We modified 

the category for neuromuscular disease to remove the coding for spina bifida (741.0X) and 

to independently evaluate hydrocephalus (331.3, 331.4, 331.5, 742.3) and syringomyelia 

(336.0), which are of particular interest in CM-I patients. Likewise, we evaluated scoliosis 

(737.3X) separately from the other diagnoses in the congenital or genetic disease category. 
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Finally, we supplemented the ICD-9-CM codes used to define the neoplastic category in the 

CCC grouping with additional diagnosis codes from the Elixhauser comorbidity index 

(258.01–258.03, 789.51).

Outcome

We assessed postoperative complications within 90 days of index surgery. Using previously 

published classifications, we divided complications into surgical complications directly 

related to operative intervention and medical complications related to prolonged illness and 

hospitalization.9 Surgical complications included wound infection or disruption; bleeding 

complication; dural graft complication; meningitis, CSF-related complication (e.g., 

pseudomeningocele and shunt insertion or revision); cerebrovascular infarct or hemorrhage; 

and other nervous system complications not specified further. As previously reported, we 

included within the surgical complications category a grouping of “neurosurgery-specific 

complications.” 9 This subcategory included diagnoses such as dural puncture (349.31) and 

meninges disorders—including pseudomeningocele (349.2)—along with diagnoses such as 

central nervous system complication (997.01) and other nervous system complication 

(997.09) that are not precisely defined but can be used for complications such as CSF leak or 

pseudomeningocele. Medical complications included: cardiac, respiratory, thromboembolic, 

or urinary-renal complications; pneumonia; Grade III or IV pressure ulcer; septicemia or 

catheter-related infection (including catheter-associated urinary tract infection); and 

tracheostomy or gastrostomy placement. Finally, we separately defined a category of major 

complications with particularly severe consequences. This group included myocardial 

infarction or cardiac failure; pulmonary embolism; or iatrogenic cerebrovascular infarction 

or hemorrhage.

Statistical Analysis

We used standard descriptive statistics to describe population demographic characteristics. 

The bivariate relationship between preoperative characteristics and postoperative outcome 

was evaluated using logistic regression analysis. To identify independent predictors of 

operative morbidity, we performed multivariate logistic regression. For logistic regression 

analyses, generalized estimating equations were used to account for patient clustering within 

hospitals. Variables with p < 0.2 and approximately 10 outcome events were entered, and 

those with p < 0.1 were retained in the final model. Multivariate models were based on 

complete case analysis of subjects without missing data, and those variables with more 

missing data were removed first during the model selection process.

All analyses were performed using SAS version 9.2 (SAS Institute), and cumulative 

incidence curves were created using a publically available SAS macro (KMPLOT9; http://

www.hsph.harvard.edu/donna-spiegelman/software/kmplot9/). The study was exempt from 

review by the Washington University in St. Louis institutional review board.

Results

We identified 936 patients who received CM-I surgery in the states included in this study 

during the study period. The vast majority (96%) of surgeries were done at teaching 
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hospitals. The patients’ median age was 10 years (interquartile range 6–15 years) and 50.4% 

were female. Most patients (62.1%) were white and had private insurance (60.0%). Overall, 

29.2% of patients were diagnosed with syringomyelia and 13.7% were diagnosed with 

scoliosis. Almost one-third of patients (30.3%) had at least 1 CCC other than syringomyelia 

or scoliosis. The most common specific CCCs were neuromuscular diseases (15.2%) and 

congenital or genetic diseases (8.4%). A complete list of population demographic 

characteristics and comorbid diagnoses is shown in Table 1.

Surgical complications were diagnosed in 4.5% of patients during the index admission, 

whereas medical complications were diagnosed in 2.2%. Considering the full 90-day follow-

up period, 12.7% of patients experienced a surgical complication and 2.6% experienced a 

medical complication. As shown in Fig. 1, surgical diagnoses gradually accumulated until 

reaching a plateau around 60 days postoperatively. By comparison, almost all medical 

diagnoses occurred during or soon after the index admission. Less than 1% of patients died 

during the study period, whereas 1.4% experienced a major complication (myocardial 

infarction, iatrogenic stroke, or pulmonary embolism).

The most common individual surgical complications were shunt-related complications 

(4.0%), meningitis (3.7%), and other neurosurgery-specific complications that lacked unique 

diagnosis codes (e.g., CSF leak) (7.4%) (Table 2). Aseptic meningitis was the most common 

type of meningitis diagnosed (n = 18; 1.9% of patients). No medical complications reached 

the HCUP-defined threshold of greater than 10 events needed to report individual outcomes.

The association between various demographic characteristics and CCCs and the 

development of postoperative surgical complications is shown in Table 3. In bivariate 

analysis, several comorbidities—including hydrocephalus (OR 4.6), neuromuscular disease 

(OR 1.8), and congenital or genetic disease (OR 2.0)—were associated with increased risk 

of complications. Complications were also more frequent in patients 0–5 years (OR 2.5) and 

13–18 years (OR 2.3) of age compared with those 6–12 years of age. In multivariate 

analysis, hydrocephalus was the only comorbidity significantly associated with surgical 

complications (OR 4.5), while neuromuscular diseases had a marginal association (OR 1.7, 

95% CI 0.95–3.2). Age also remained a significant predictor, with patients aged 0–5 years 

(OR 2.4) or 13–18 years (OR 2.5) having greater risk of surgical complications than those 

6–12 years.

Risk factors for medical complications are shown in Table 4. In bivariate analysis, 

comorbidities significantly associated with increased risk of medical complications included 

cardiovascular disease (OR 11.8), hydrocephalus (OR 4.0), and neuromuscular disease (OR 

2.9). Medicaid insurance (OR 2.8 vs private insurance) and black (OR 3.9 vs white) or 

Hispanic (OR 3.5) race were also significant risk factors for medical complications, while 

older age (13–18 years) was associated with marginally increased risk (OR 4.6, 95% CI 

0.89–23.4, vs patients 0–5 years). Due to the relatively small number of medical 

complications, multivariate analysis to identify independent predictors was not possible.
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Discussion

In this analysis of SID billing data from 3 large states, we performed a population-level 

analysis of operative morbidity from pediatric CM-I surgery, with a focus on the influence of 

CCCs. In a cohort of almost 1000 pediatric CM-I patients, we found that approximately 1 in 

every 8 patients experienced an inpatient surgical complication within 90 days of treatment, 

whereas less than 3% experienced a medical complication. In addition, we found that CCCs 

were common in pediatric CM-I patients—30% had at least 1 comorbidity—although most 

were not independently associated with increased the risk of complications.

To date, studies have reported a wide range of complication rates associated with pediatric 

CM-I surgery.5,11,14,18,28 For example, 1 meta-analysis found that complication rates among 

pediatric patients undergoing posterior fossa decompression with duraplasty ranged from 8% 

to 67%, although the sample size for each included study ranged from only 9 to 90 patients.5 

By comparison, 1 retrospective study of 500 surgeries—mostly with duraplasty— found that 

complications occurred in less than 3% of cases,28 and a review article cited complication 

rates as low as 0%.11 Such disparate outcomes reflect a reliance on small single-center 

studies that often employ inconsistent follow-up procedures and outcome measures. These 

shortcomings emphasize the need for large, multicenter evaluations of postoperative 

morbidity.

To our knowledge, only 1 study has evaluated pediatric CM-I surgical outcomes using 

administrative data. However, the ICD-9-CM codes used to define that cohort have not been 

validated, and in fact included diagnoses such as CM-II and spina bifida.23 In addition, that 

study using the Kids’ Inpatient Database only examined outcomes during the index 

admission, whereas we found that most complications from CM-I surgery occur on a 

delayed basis well after discharge from initial hospitalization (Fig. 1).9 By comparison, the 

analysis presented herein used a validated ICD-9-CM code algorithm for identifying CM-I 

surgeries and evaluated complications for 90 days after surgery.

Using such rigorous methods, we found that major complications, such as myocardial 

infarction and stroke, were rare but still occurred in more than 1% of surgeries, indicating 

such risks cannot be dismissed. Surgical complications were more common, experienced by 

approximately 13% of patients during the follow-up period. This estimate excludes minor 

complications managed on an outpatient basis, such as aseptic meningitis or minor wound 

infection, which would likely have been included in previous case series publications. 

Consequently, while many of the observed complications may not have led to lasting harm, 

they may shape decision making for physicians and families considering CM-I surgery.

Beyond assessing overall complication rates, we also investigated risk factors for surgical 

complications, including demographic characteristics and comorbid diseases. While payer 

status and race were not associated with surgical complications, children 6–12 years were at 

lower risk for surgical complications than younger or older groups. While this finding 

should be replicated in other large populations, we suspect that this result may relate to 

unmeasured variation in surgical techniques and indications for surgery between younger 

and older children.1,10
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Consistent with data showing that CCCs account for a substantial and increasing proportion 

of inpatient hospitalizations24 and hospital costs3,24 in the United States, we also found that 

almost one-third of our population was diagnosed with a CCC. However, only patients with 

comorbid hydrocephalus were at significantly increased risk of surgical complications, while 

neuromuscular disease was associated with marginally increased risk. Although this finding 

may partially reflect undercoding, the rarity of certain CCCs, or unmeasured confounders, 

these results suggest that most children with CCCs can undergo CM-I surgery without 

increased concern for complications such as CSF leak, pseudomeningocele, and meningitis.

Due to the scarcity of medical complications, a multivariate analysis was not possible, and 

the precision of our bivariate analyses was relatively low. Nonetheless, our results suggest 

that certain CCCs—including hydrocephalus, cardiovascular disease, and neuromuscular 

disease— may be associated with increased risk of medical complications, a finding 

consistent with data showing that CCCs are associated with venous thromboembolism22 and 

Clostridium difficile infection.13 In addition, while most patients were white and privately 

insured, medical complications were more common in black and Hispanic patients and those 

with Medicaid insurance. While we could not disentangle the known confounding between 

race and socioeconomic status,16 our analysis suggests that although medical complications 

after CM-I surgery are rare, certain underserved groups may be at increased risk.

While this study provides novel insight into the characteristics and surgical outcomes of 

pediatric CM-I patients, it has several limitations. First, the preoperative comorbidities and 

postoperative outcomes analyzed were defined using ICD-9-CM diagnosis codes that were 

not recorded for research purposes and may be inaccurate or incomplete in some instances. 

In particular, our finding that 1.4% of children undergoing CM-I surgery experience a major 

complication— events typically seen in adult populations—could potentially be explained, 

in part, by coding inaccuracies. However, the CCCs used have been widely published,2,7,8,24 

and previous studies have shown that ICD-9-CM coding for surgical complications is 

generally reliable and is typically more accurate than coding for complications from medical 

treatment.17 Second, the diagnosis of comorbid hydrocephalus, a comorbidity of particular 

prognostic importance in this study, was made exclusively using ICD-9-CM diagnosis codes 

(331.3, 331.4, 331.5, 742.3), which did not distinguish shunt-treated children from those 

who were untreated or treated by endoscopic third ventriculostomy. Future studies using 

more detailed data sets may investigate potential differences among these subgroups. Third, 

due to a lack of information in the billing data, we were unable to evaluate surgical 

technique, surgeon experience, or surgical indication, potentially important determinants of 

clinical outcome. Finally, certain CCCs, such as respiratory or metabolic disease, were rare 

in our cohort, and consequently we may have been underpowered to evaluate their influence 

on postoperative outcome.

Conclusions

This study provides population-level evidence that among pediatric patients undergoing CM-

I decompression surgery, medical complications are uncommon and major morbidity and 

mortality are exceedingly rare. However, approximately 1 in 8 patients experience a surgical 

complication, and those children with comorbid hydrocephalus may be at greater risk. These 
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results should inform treatment decisions and guide future studies using more detailed data 

sets.
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Fig. 1. 
Cumulative incidence curves with 95% confidence intervals showing the time-course of 

postoperative surgical and medical complications during the 90-day follow-up period. The 

cumulative incidence curve for medical complications ended before 90 days to indicate the 

time of the last recorded complication during the study period.
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TABLE 1

Demographic characteristics, comorbidities, and postoperative complications among pediatric patients 

undergoing CM-I decompression surgery

Variable No. of Pts %

Total 936 100

Age (yrs)

 0–5 228 24.4

 6–12 332 35.5

 13–18 376 40.2

Sex*

 Male 448 49.6

 Female 456 50.4

Race*

 White 537 62.1

 Black 73 8.4

 Hispanic 181 20.9

 Other 74 8.6

Payer status

 Private 562 60.0

 Medicaid 299 31.9

 Other 75 8.0

Comorbidity

 Cardiovascular disease 46 4.9

 Congenital or genetic disease 79 8.4

 Gastrointestinal disease —† —†

 Hematol or immunol disease 14 1.5

 Hydrocephalus 61 6.5

 Metabolic disease 11 1.2

 Neoplastic disease —† —†

 Neuromuscular disease 142 15.2

 Renal disease —† —†

 Respiratory disease 12 1.3

 Scoliosis 128 13.7

 Syringomyelia 273 29.2

Complications

 Surgical 119 12.7

 Medical 24 2.6

 Major‡ 13 1.4

Hematol = hematological; immunol = immunological.
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*
Sum of all groups is less than 936 due to the presence of missing data for sex (n = 32) and race (n = 71).

†
Suppressed because of cell size of 10 or less, due to restrictions defined by the Healthcare Cost and Utilization Project.

‡
Includes myocardial infarction/heart failure, pulmonary embolism, and iatrogenic cerebrovascular infarction or hemorrhage.
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TABLE 2

The most common individual surgical complications diagnosed within 90 days of CM-I surgery*

Complication No. (%)*

Shunt insertion, revision, or exploration 37 (4.0)

Meningitis 35 (3.7)†

 Bacterial —‡

 Aseptic 18 (1.9)

 Unspecified§ 11 (1.2)

Dural graft (device) complication 19 (2.0)

Wound infection 15 (1.6)

Other neurosurgery-specific complications not specified individually (e.g., CSF leak, pseudomeningocele) 69 (7.4)

Total 119 (12.7)

*
The percentage values refer to the proportion of the total population diagnosed with the respective complication.

†
Sum of all meningitis groups is greater than 35 due to the presence of children diagnosed with more than 1 type of meningitis.

‡
Suppressed because of cell size of 10 or less, due to restrictions defined by the Healthcare Cost and Utilization Project.

§
Refers to meningitis of unspecified cause, denoted by ICD-9-CM diagnosis code 322.9.
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TABLE 3

Bivariate and multivariate analysis of factors influencing the risk of postoperative surgical complications

Factor

Bivariate Multivariate

OR (95% CI) p Value OR (95% CI) p Value

Comorbidity

 Cardiovascular disease 1.6 (0.8–3.4) 0.17 NA —

 Gastrointestinal disease NA — NA —

 Congenital or genetic disease 2.0 (1.2–3.4) 0.01 NA —

 Hematol or immunol disease 1.2 (0.35–3.9) 0.80 NA —

 Hydrocephalus 4.6 (2.6–8.1) <0.001 4.5 (2.5–8.1) <0.001

 Metabolic disease 2.3 (0.72–7.6) 0.15 NA —

 Neoplastic disease NA — NA —

 Neuromuscular disease 1.8 (1.02–3.1) 0.04 1.7 (0.95–3.2) 0.07

 Renal disease NA — NA —

 Respiratory disease 3.0 (0.72–12.8) 0.13 NA —

 Scoliosis 0.98 (0.57–1.7) 0.95 NA —

 Syringomyelia 1.1 (0.73–1.6) 0.66 NA —

Payer status

 Private Reference — NA —

 Medicaid 0.96 (0.59–1.6) 0.88 NA —

 Other 1.9 (0.96–3.8) 0.07 NA —

Age (yrs)

 0–5 2.5 (1.4–4.5) 2.4 (1.3–4.3) 0.006

 6–12 Reference 0.003 Reference —

 13–18 2.3 (1.4–3.7) 0.66 2.5 (1.5–4.1) <0.001

Sex

 Male Reference — NA —

 Female 0.86 (0.60–1.2) 0.43 NA —

Race

 White Reference — NA —
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Factor

Bivariate Multivariate

OR (95% CI) p Value OR (95% CI) p Value

 Black 1.1 (0.51–2.5) 0.77 NA —

 Hispanic 1.4 (0.88–2.4) 0.14 NA —

 Other 1.4 (0.80–2.6) 0.23 NA —

NA = not applicable.
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TABLE 4

Bivariate analysis of factors influencing the risk of postoperative medical complications

Factor OR (95% CI) p Value

Comorbidity

 Cardiovascular disease 11.8 (4.5–31.1) <0.001

 Gastrointestinal disease NA —

 Congenital or genetic disease 0.47 (0.07–3.2) 0.44

 Hematol or immunol disease NA —

 Hydrocephalus 4.0 (1.4–11.8) 0.01

 Metabolic disease 3.9 (0.46–33.3) 0.21

 Neoplastic disease NA —

 Neuromuscular disease 2.9 (1.1–7.6) 0.02

 Renal disease NA —

 Respiratory disease 3.6 (0.47–27.0) 0.22

 Scoliosis 0.57 (0.14–2.2) 0.42

 Syringomyelia 1.5 (0.70–3.1) 0.30

Payer status

 Private Reference —

 Medicaid 2.8 (1.1–7.2) 0.03

 Other 1.7 (0.42–6.9) 0.45

Age (yrs)

 0–5 Reference

 6–12 2.9 (0.57–14.6) 0.20

 13–18 4.6 (0.89–23.4) 0.07

Sex

 Male Reference —

 Female 0.59 (0.27–1.3) 0.18

Race

 White Reference —

 Black 3.9 (1.3–11.4) 0.01

 Hispanic 3.5 (1.4–8.6) 0.006

 Other 1.8 (0.38–8.1) 0.47
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