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OBJECTIVE Readmission and return to operating room after surgery are increasingly being used as a proxy for quality
of care. Nearly 60% of these readmissions are unplanned, which translates into billions of dollars in health care costs.
The authors set out to analyze the incidence of readmission at their center, to define causes of unplanned readmission,
and to determine the preoperative and surgical variables associated with readmissions following pediatric neurosurgery.

METHODS A total of 536 children who underwent operations for neurosurgical diagnoses between 2012 and 2015 and
who were later readmitted were included in the final analysis. Unplanned readmissions were defined to have occurred as
a result of complications within 90 days after index surgery. Patient records were retrospectively reviewed to determine
the primary diagnosis, surgery indication, and cause of readmission and return to operating room. The cost for index
hospitalization, readmission episode, and total cost were derived based on the charges obtained from administrative
data. Bivariate and multivariable analyses were conducted.

RESULTS Of 536 patients readmitted in total, 17.9% (n = 96) were readmitted within 90 days. Of the overall readmis-
sions, 11.9% (n = 64) were readmitted within 30 days, and 5.97% (n = 32) were readmitted between 31 and 90 days.

The median duration between discharge and readmission was 20 days (first quartile [Q1]: 9 days, third quartile [Q3]: 36
days). The most common reason for readmission was shunt related (8.2%, n = 44), followed by wound infection (4.7%, n
=25). In the risk-adjusted multivariable logistic regression model for total 90-day readmission, patients with the following
characteristics: younger age (p = 0.001, OR 0.886, 95% CI 0.824-0.952); “other” (nonwhite, nonblack) race (p = 0.024,
OR 5.49, 95% Cl 1.246-24.2); and those born preterm (p = 0.032, OR 2.1, 95% CI 1.1-4.12) had higher odds of being
readmitted within 90 days after discharge. The total median cost for patients undergoing surgery in this study cohort was
$11,520 (Q1: $7103, Q3: $19,264). For the patients who were readmitted, the median cost for a readmission episode was
$8981 (Q1: $5051, Q3: $18,713).

CONCLUSIONS Unplanned 90-day readmissions in pediatric neurosurgery are primarily due to CSF-related complica-
tions. Patients with the following characteristics: young age at presentation; “other” race; and children born preterm have
a higher likelihood of being readmitted within 90 days after surgery. The median cost was > $8000, which suggests that
the readmission episode can be as expensive as the index hospitalization. Clearly, readmission reduction has the poten-
tial for significant cost savings in pediatric neurosurgery. Future efforts, such as targeted education related to complica-
tion signs, should be considered in the attempt to reduce unplanned events. Given the single-center, retrospective study
design, the results of this study are primarily applicable to this population and cannot necessarily be generalized to other
institutions without further study.

https://thejns.org/doi/abs/10.3171/2017.6.PEDS17117
KEY WORDS unplanned readmission; costs; pediatric neurosurgery

HE Centers for Medicare and Medicaid Services for readmission in the adult patient population.”** The
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tiny.?’?® The Pediatric Quality Measures Program has
recently identified pediatric readmission as the priority
quality improvement measure.'s

Pediatric readmissions are common and cost more than
$1 billion annually.®'® The frequency of readmission rang-
es from 3% to 23%, depending on the diagnosis for index
hospitalization.'®# Previous studies have demonstrated
that pediatric readmissions are most strongly associated
with the patients’ specified primary payer, number of pre-
vious admissions, the diagnosis of a chronic complex con-
dition, and longer length of hospital stay (LOS) during the
initial admission.?-1%1627 However, these data from general
pediatric readmissions cannot be applied to patients un-
dergoing complex neurosurgical procedures.

Studies on readmission and reoperation associated with
pediatric neurosurgical diagnoses are sparse.!!:?3313546 [n
a single-center retrospective study of 1358 patients un-
dergoing pediatric neurosurgery, Wrubel et al.*¢ reported
10.89% (n = 148) unexpected readmissions, and 8.02% (n
= 109) related readmissions. Those authors found that in
children with shunt-related surgery and shorter LOS, these
variables were associated with related readmissions within
30 days of surgery. Chern et al.!' reported a 74.5% rate
of readmission in the patients undergoing index surgery
for shunt insertion or revision. Prior studies have limited
the readmission to 30 days; however, the global episode of
care period extends up to 90 days after discharge.*** The
incidence of 90-day readmission, patient-specific and sur-
gery-related factors associated with 90-day readmission,
and related costs are not well reported in the literature.
Given the potential implications of using readmissions as
a measure of quality metrics, it is important to understand
the reasons for and the modifiable factors associated with
readmission.!?? Therefore, we set out to analyze its inci-
dence at our center, to define causes of unplanned readmis-
sion following pediatric neurosurgical procedures, and to
determine the preoperative and surgical variables associ-
ated with readmissions following pediatric neurosurgery.

Methods

Children undergoing surgery for neurosurgical diagno-
ses between January 2012 and March 2015 were analyzed.
Institutional administrative data were queried for all in-
dex surgeries and readmissions within the specified study
period. Inclusion criteria of the study were as follows: 1)
children < 18 years of age; 2) patients who underwent sur-
gery within the prespecified study period; and 3) surgery
was performed for neurological diagnoses. Patients who
had the index surgery at another hospital were excluded,
even though they had subsequent surgery at our institution.

Patient records were retrospectively reviewed to deter-
mine demographics, clinical variables, primary diagnosis,
surgery indication, and reasons for readmission and return
to operating room. Types of surgeries were categorized as
brain tumor resection or biopsy; craniectomy or craniot-
omy (for epilepsy surgery, Chiari malformation, vascular
lesion, and trauma); shunt surgery for hydrocephalus and
pseudotumor cerebri; endoscopic third ventriculostomy—
choroid plexus cauterization (ETV-CPC); spine surgery
(for deformity, myelomeningocele, tethered cord, spinal
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dysraphism, and isolated syringomyelia); and other (in-
cluding angiograms, baclofen pump implantation, vagal
nerve stimulator insertion, and craniosynostosis repair).

Readmission was defined as unplanned admission
within 90 days after discharge following index surgery for
neurosurgical diagnoses. The readmission event, reason
for readmission, and date when the patient was readmitted
were reviewed for two periods within the 90-day overall
period: for readmissions within a 30-day period after dis-
charge, and for readmissions between 31 and 90 days after
discharge. Total 90-day readmission was calculated as the
sum of the readmissions within 30 days and those between
31 and 90 days after discharge. Reasons for readmission
were reviewed and categorized as shunt related (including
shunt malfunction or revision and shunt infection), wound
infection, other infection (systemic infection), CSF leak,
pseudomeningocele, ETV-CPC failure, and medical com-
plications (including any unplanned readmission that was
not directly related to surgery). Return to operating room
and reason for the return within 90 days after discharge
were recorded.

The cost for the index hospitalization and readmission
episode was obtained from the hospital billing depart-
ment. These costs are estimated from the hospital’s per-
spective by using the cost-to-charge ratio method. Such
calculations have been used previously in the pediatric
population.> The cost for index hospitalization, readmis-
sion episode, and total cost are reported.

Statistical Analysis

The median and the first and third quartiles (Q1 and
Q3) for continuous variables and the frequency for cat-
egorical variables were computed. Bivariate analyses were
performed using the Mann-Whitney U-test for continuous
variables and Fisher’s exact test or chi-square test for cat-
egorical variables. Separate multivariable logistic regres-
sion models were built for total 90-day readmission, read-
mission within 30 days, and readmission between 31 and
90 days after surgery. The variables to be included in the
model were chosen a priori. Variables including age at the
time of surgery, sex, race, preterm birth (defined as birth at
< 37 weeks of gestation), surgery or procedure (including
craniectomy or craniotomy, brain tumor resection or bi-
opsy, shunt or ETV, spine surgery, and pre- or intraopera-
tive external ventricular drain [EVD]), ICU stay, LOS, and
postoperative complications were included in the models.
Receiver operating characteristic (ROC) curve analysis
was used to quantify the discrimination ability of mul-
tivariable logistic regression analysis. An area under the
curve (AUC) for the ROC curve that is < 0.5 is considered
a random association; 0.6—0.7 is considered some associa-
tion; 0.71-0.8 is considered adequate; and > 0.8 is con-
sidered excellent.?! A subgroup analysis was conducted to
determine readmission rates and causes of readmission in
children < 2 years of age. A p value <0.05 was considered
statistically significant. Analysis was performed using
SPSS version 20 (IBM, Inc.).

Results
A total of 580 patients were included in the analysis. Of
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those, 44 patients were excluded for the following reasons:
the index surgery was performed outside of the inclusion
date range, the patients were > 18 years old at the time of
surgery, and the surgery was performed for nonneurosur-
gical diagnoses. A total of 536 patients with a median age
of 6.3 years (QI: 1.4 years, Q3: 11.4 years) were further
analyzed.

Of the 536 patients, 17.9% (n = 96) were readmitted
within 90 days, 11.9% (n = 64) were readmitted within 30
days, and 5.97% (n = 32) were readmitted between 31 and
90 days. The median duration between discharge and read-
mission was 20 days (Q1: 9 days, Q3: 36 days). The most
common reason for readmission was shunt related (8.2%,
n = 44), followed by wound infection (4.7%, n = 25). The
reasons for readmission are listed in Table 1. With regard
to return to operating room, a total of 12.5% (n = 67) of
children required a repeat operation within 90 days after
surgery. The most common causes of 90-day return to op-
erating room were shunt-related complications (n = 37),
wound-related complications (n = 14), and ETV-CPC fail-
ure (n=7).

Table 2 summarizes patient demographic, clinical, and
surgery variables among those with and without 90-day
readmission. The patients who were readmitted within
90 days were younger (median 2.9 years) compared with
those who were not readmitted (median 7.7 years) (p <
0.0001). With regard to the surgical procedure, the pa-
tients undergoing shunt (38.5% vs 27.7%, p = 0.036) or
ETV-CPC (14.6% vs 7.7%, p = 0.024) surgery had a signif-
icantly higher frequency of readmissions within 90 days.
The patients who were readmitted had a longer LOS dur-
ing the index hospitalization (median 3 days vs median 2
days, p = 0.002).

In the risk-adjusted multivariable logistic regression
model for total 90-day readmission, “other” (nonwhite,
nonblack) race (p = 0.024, OR 5.49, 95% CI 1.246-24.2),
and those born preterm (p = 0.032, OR 2.1, 95% CI 1.1-
4.12) had higher odds of being readmitted within 90 days
after discharge (Table 3). The odds of 90-day readmission
decrease with increasing age (p =0.001, OR 0.886,95% CI
0.824-0.952). Therefore, the younger patients have high-
er odds of 90-day readmission (p = 0.001, OR 1.12, 95%
CI 1.05-1.21). The AUC for the model’s ROC curve was
0.71. In a separate multivariable logistic regression model
for 30 days, the variables “other” (nonwhite, nonblack),
“race” (p = 0.021, OR 5916, 95% CI 1.304-26.84), and
“ICU stay” during index hospitalization (p = 0.010, OR
3.302, 95% CI 1.325-8.231) were associated with higher
30-day readmission (Table 4). The AUC for the model’s
ROC curve was 0.72.

In a subgroup analysis for the patients < 2 years old, of
the 150 patients who underwent surgery, 28.7% (n = 43)
were admitted within 90 days after discharge. The most
common reasons for readmission were shunt-related com-
plications (10.7%, n = 16) and wound infection (5.3%, n =
8). The reasons for readmission are listed in Table 5.

The total median cost for patients undergoing surgery
in this study cohort was $11,520 (Q1: $7103, Q3: $19,264).
For the patients who were readmitted, the median cost for
areadmission episode was $8981 (Q1: $5051, Q3: $18,713).

544  J Neurosurg Pediatr Volume 20 « December 2017

TABLE 1. Reasons for 90-day readmission in 536 children who
underwent operations for neurosurgical diagnoses

Reasons for Readmission Value (%)
Shunt related—revision or malfunction 44 (8.2)
Wound infection 25(4.7)
Medical complications* 14 (2.6)
Othert 3 (0.56)
CSF leak 10 (1.9)
Pseudomeningocele 7(1.3)
Infection, other 5(0.9
ETV-CPC failure 8 (1.

Spine, instrumentation failure 1(0.2

Median time to readmission 20 days—Q1, 9 days;
Q3, 36 days

* Includes headache (n = 4), seizure (n = 4), altered mental status (n = 2),
emesis (n = 2), and fever with or without neutropenia (n = 2).
t Includes wound dehiscence (n = 2) and chronic subdural hematoma (n = 1).

Discussion

Unplanned readmissions following pediatric neuro-
surgery procedures are undesirable and expensive for pa-
tients, parents, providers, and payers.>-461930.364445 Efforts
focused on readmission reduction are therefore of utmost
importance. The first step in that direction is to understand
the causes of readmissions and to identify the preventable
factors associated with readmission. In this study, approx-
imately 11% of children were readmitted within 30 days,
and 18% were readmitted within a total of 90 days after
surgery. Unplanned 90-day readmissions were primarily
due to shunt-related and wound complications. After con-
trolling for an array of variables, the odds of readmission
within 90 days were higher in children who were young at
presentation, those born preterm, and children whose race
was listed as “other.” In addition, patients who had an ICU
stay during their index hospitalization had higher odds of
being readmitted within 30 days after surgery. Designing
interventions targeted to these drivers of readmission has
the potential to decrease readmissions and improve the
quality of care.

Previous studies focusing on general pediatric diseases
have demonstrated that the readmission rate is higher in
young patients and in those born preterm.'%404347 Com-
pared with older children, these groups of patients are
considered more vulnerable to complications, resulting in
a relatively lower threshold to admit these patients and,
therefore, higher readmission rates. Furthermore, these
patients have several associated conditions that might
require a multidisciplinary team approach to determine
physiological stability before discharge placement. There-
fore, readmissions in these groups of patients may reflect
an inadequate assessment of the child’s readiness for dis-
charge. In our study, in a subgroup analysis for patients < 2
years old, the most common reasons for readmission were
similar to those in children = 2 years. This suggests that
although these subgroups of patients are more likely to be
readmitted, similar readmission prevention strategies can
be used in all children regardless of their age.
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TABLE 2. Demographic, clinical, and surgery variables in patients with and without 90-day readmission

Total, 90-Day Readmission p
Variable N =536 No, n =440 Yes, n =96 Value
Median age in yrs (range) 6.3 (1.4-11.4) 1.7 (31-12.7) 2.9(0.45-9.1) <0.0001
Sex 0.128
Female 263 (49%) 210 (47.7%) 53 (55.2%)
Male 269 (50.2%) 226 (51.4%) 43 (44.8%)
Race 0.316
White 422 (78.7%) 347 (78.9%) 75 (78.1%)
Black 88 (16.4%) 74 (16.8%) 14 (14.6%)
Others 24 (4.5%) 17 (3.9%) 7 (7.3%)
Preterm birth at <37 wks 141 (26.3%) 110 (25.0%) 31(32.3%) 0.094
Insurance 0.716
Private 267 (49.8%) 223 (50.7%) 44 (45.8%)
Medicaid or Medicare 222 (41.4%) 177 (40.2%) 45 (46.9%)
Self-pay 8 (1.5%) 7 (1.6%) 1(1.0%)
Other—i.e., military 34 (6.3%) 28 (6.4%) 6 (6.3%)
Diagnosis
Tethered cord, dysraphism, or MMC 71 (13.2%) 62 (14.1%) 9 (9.4%) 0.098
Syrinx 4 (0.75%) 3 (0.68%) 1(1.0%) 0.061
Spine tumor 7 (1.3%) 6 (1.4%) 1(1.0%) 0.064
Spine deformity 10 (1.9%) 10 (2.3%) 0 —
CM-I 41 (7.6%) 35 (7.9%) 6 (6.3%) 0.374
Hydrocephalus 194 (36.2%) 148 (33.6%) 46 (47.9%) 0.002
Pseudotumor cerebri 7 (1.3%) 5 (1.1%) 2(2.1%) 0.059
Brain tumor 70 (13.1%) 58 (13.2%) 12 (12.5%) 0.303
Arachnoid cyst 18 (3.4%) 17 (3.9%) 1(1.0%) 0.230
Vascular 27 (5.0%) 23 (5.2%) 4 (4.2%) 0.451
Trauma 19 (3.5%) 18 (4.1%) 1(1.0%) 0.117
Epilepsy 33 (6.2%) 25 (5.7%) 8 (8.3%) 0.222
Craniosynostosis 2 (0.37%) 1(0.23%) 1(1.0%) 0.575
Skull lesion 9 (1.7%) 8 (1.8%) 1(1.0%) 0.689
Spasticity 27 (5.0%) 24 (5.5%) 3(3.1%) 0.457
Procedure
Brain tumor/cyst resection or biopsy 85 (15.9%) 72 (16.4%) 13 (13.5%) 0.899
Craniectomy or craniotomy for epilepsy, vascular, 81 (15.1%) 71 (16.1%) 10 (10.4%) 0.246
trauma, CM-1, & other brain lesions
Shunt surgery 159 (29.7%) 122 (27.7%) 37 (38.5%) 0.036
ETV-CPC 48 (9.0%) 34 (7.7%) 14 (14.6%) 0.024
Spine surgery 88 (16.4%) 79 (18.0%) 9 (9.4%) 0.064
Other* 75 (14.0%) 62 (14.1%) 13 (13.5%) 0.183
Median op time in mins (range) 143 (97-243) 152 (104-247) 143 (87-294) 0.475
Median LOS in days (range) 2 (1-3) 2(1-3) 3(1-4) 0.002
No. w/ ICU stay 246 (45.9%) 197 (44.8%) 49 (51.0%) 0.158
No. w/ postop complications 39 (7.3%) 31 (71%) 8 (8.3%) 0.397
Discharge destination 0.547
Home 532 (99.25%) 437 (99.3%) 95 (99%)
Non-home 4(0.75%) 3 (0.68%) 1(1.0%)

CM-I = Chiari malformation Type I; MMC = myelomeningocele.
Values represent the number of patients (%) unless otherwise specified.
* Includes angiograms, baclofen pump, vagal nerve stimulator insertion, and craniosynostosis repair.
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TABLE 3. Multivariable logistic regression model for total 90-day
readmission

TABLE 4. Multivariable logistic regression model for 30-day
readmission

95% Cl for OR

95% Cl for OR

Variable VaFI)ue OR  Lower Upper Variable Varl)ue OR  Lower Upper

Age 0.001 0.886 0.824  0.952 Age 0104 0937 0.867 1.013
Sex 0693 0.875 0487 1613 Sex 0.633 0.843 0418 17
Race 0.066 Race

Black vs white 0495 0785 0.325 1.894 Black vs white 0615 1351 0.521  3.503

Other vs white 0.024 5490 1.246 24.20 Other vs white 0.021 5916 1.304 26.84
Preterm birth 0.032 210 1.067 4127 Preterm birth 0131 1.859 0.831 4156
Surgery type Surgery type

Craniotomy or craniectomy* 0.573 0.697 0199 2440

Craniotomy or craniectomy* 0118 0.292 0.063 1.365

Brain tumor resection or biopsy  0.600 0.745 0.248  2.238

Brain tumor resection or biopsy 0.569 0.709 0.216  2.32

Shunt or ETV-CPC+ 0.742 0.873 0.387  1.968 Shunt or ETV-CPC+ 0.374 0647 0248 1689
Spine surgery 0.346 3.27 0.279 38.33 Spine surgery 0426 2.804 0.222 35457
Preop or intraop EVD 0975 0979 0.261 3.669 Preop or intraop EVD 0.959 1.039 0.243 4441
Postop complications 0.727 0.800 0.230 2.790 Postop complications 0.995 0.995 0.227 4.362
ICU stay 0.086 2.013 0906 4.474 ICU stay 0.01 3302 1325 8.231
LOS 0709 1.021 0.917 1136 LOS 0736 0978 0.859 1114

* Craniotomy or craniectomy was performed for epilepsy surgery, Chiari
malformation, vascular lesion, and trauma.

1 Combined into a single variable due to the relatively small number of pa-
tients in the ETV-CPC group and to avoid overfitting of the model with multiple
variables.

A number of studies in the adult and general pediatric
literature have demonstrated the effect of race on readmis-
sion.!”1%1315 Sherrod et al. have demonstrated that Native
American patients have a higher risk for readmission fol-
lowing pediatric neurosurgery.® We found that the chil-
dren whose race was listed as “other” had higher odds of
being readmitted after surgery. Given the relatively small
sample size, the variables included in the model were lim-
ited; therefore, we may not have enough evidence to iden-
tify a definitive association of race with readmission. Fur-
thermore, the issue of racial disparity and its association
with readmission is complex and multidimensional. This
disparity can be partly explained by cultural differences in
expectations of family support, as well as socioeconomic
status."-'42433 Efforts at reducing unplanned events should
be focused on more effective parent-doctor communica-
tion and on parent education, while taking language and
cultural differences into consideration.

Consistent with our findings, a number of previous
studies have demonstrated that CSF-related readmissions
are the most common causes of readmissions in pediat-
ric neurosurgery.>!!31:384246 Chern et al.!! reported a 74.5%
rate of readmission in patients undergoing index surgery
for shunt insertion or revision. In a recent study in which a
national database for 9799 pediatric neurosurgical patients
was used, Sherrod et al. reported a 17.3% readmission rate
associated with shunt revision.?® The higher rate of CSF-
related readmissions further supports the need to continue
to combine resources by conducting research through
multiinstitutional mechanisms such as the Hydrocephalus
Clinical Research Network.?>?¢ Furthermore, for patients
who are at high risk for readmissions, measures such as
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* Craniotomy or craniectomy performed for epilepsy surgery, Chiari malforma-
tion, vascular lesion, and trauma.

1 Combined into a single variable due to the relatively small number of pa-
tients in the ETV-CPC group, and to avoid overfitting of the model with multiple
variables.

frequent postdischarge phone calls'® or postdischarge pri-
mary care pediatrician visits can be used to evaluate early
signs of these complications, some of which can possibly
be managed without the need to readmit.>2%-%7

The 30-day readmission may be more influenced by
the surgery or disease-related factors than is the 90-day
readmission. Although our models were not inclusive of
all potential variables that can impact readmission, the
ICU stay (a proxy for severity and complexity) was sig-
nificantly associated with 30-day readmission, but not 90-
day readmission. We certainly need more data to support
this conclusion; however, this association provides some
evidence that the longer the time from discharge to read-
mission, the less likely the reason for readmission is to be
associated with the index surgery.

The data on cost associated with unplanned pediatric
neurosurgery readmissions is relatively sparse. Hedequist

TABLE 5. Reasons for readmission in a subgroup of 150 children
<2years old (n =43)

Reasons for Readmission No. of Patients (%)

Shunt related
Wound infection 8
ETV-CPC failure 8
Other 5
Infection, other 2
2
2

CSF leak
Pseudomeningocele
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et al. reported hospital charges ranging from $26,977 to
$961,722 for pediatric wound complications following
surgery for spine deformity.”> Most studies have reported
charges associated with readmission. The actual cost in-
curred for the episode of care is substantially lower than the
hospital charges.!” We report the actual cost of the readmis-
sion episode, which is derived using the charge-to-cost ratio
method. Although the reported costs represent an estimate
of the cost incurred at a single center, it provides some evi-
dence on the actual dollar amount spent for readmissions.
The median cost was > $8000, which suggests that the re-
admission episode can be as expensive as the index hospi-
talization. Clearly, readmission reduction has the potential
for significant cost savings in pediatric neurosurgery.

This study has certain limitations. This is a retrospec-
tive analysis of single-center administrative data. The re-
sults of this study are primarily applicable to this popula-
tion and cannot necessarily be generalized to other institu-
tions without further investigation. The readmissions were
identified based on the billing data. The inaccuracy and
data deficiencies inherent to any administrative database
must be considered while interpreting these results. To en-
sure accuracy, we reviewed 30- and 90-day readmissions
for all the patients included in the study by chart review.
The costs reported in our study reflect the single-center
cost for the type of surgeries performed during the speci-
fied time duration. It is at best an estimation of cost to the
hospital, and is derived based on the charges. The costs
might be different when reported from the payer’s per-
spective and the societal perspective.

The interpretation of the multivariable model is affected
by the number and type of variables included in the analy-
sis. The variables included in this analysis were chosen a
priori based on clinical experience and literature review;
however, given the limited number of variables captured in
the administrative database and the overall small sample
size, it is possible that variables that may impact readmis-
sion were not adjusted in the analysis. Finally, the number
of patients readmitted within 90 days after surgery was
relatively low; therefore, any negative associations should
be interpreted with caution. Furthermore, the number of
reasons for readmission was low; therefore, the drivers
for each reason for readmission could not be identified.
A larger sample size would allow the addition of more
independent variables to the model, with the potential to
identify other significant associations. Further studies us-
ing multicenter prospective data are needed to validate the
findings of this study.

Conclusions

Unplanned 90-day readmissions in pediatric neurosur-
gery are primarily due to CSF-related complications. Pa-
tients who were young at presentation, whose race was cat-
egorized as nonwhite or nonblack, and those born preterm
have a higher likelihood of being readmitted within 90
days after surgery. The median cost was > $8000, which
suggests that the readmission episode can be as expensive
as the index hospitalization. Clearly, readmission reduction
has the potential for significant cost savings in pediatric
neurosurgery. Future efforts, such as targeted education
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related to complication signs, should be considered in the
effort to reduce unplanned events. Given the single-center,
retrospective study design, our results are primarily appli-
cable to this population and cannot necessarily be general-
ized to other institutions without further study.
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