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BACKGROUND: Episode-basedbundledpaymentswere introducedbyMedicare in 2013 as
the Bundled Payments for Care Improvement (BPCI) in order to improve care coordination
and cost efficiency. BPCI has not yet been applied to cranial neurosurgical procedures.
OBJECTIVE: To determine projected values of episode-based bundled payments when
applied to common cranial neurosurgical procedures using retrospective data froma large
database.
METHODS: We performed a large retrospective observational study using the
MarketScan administrative database to project bundled payment payments for 4
groups of common cranial neurosurgical procedures.
RESULTS: We identified 15 276 procedures that met our inclusion criteria. We observed
significant variability betweengroups, with 90-d bundle projected payments ranging from
$ 58,200 for craniotomy for meningioma to $ 102,073 for craniotomy for malignant glioma.
We also found significant variability in projected bundled payments within each class
of operation. On average, payment for the index hospitalization accounted for 85% of
projected payments for a 30-d bundle and 70.5% of projected payments for a 90-d bundle.
Multivariable analysis showed that hospital readmission, discharge to postacute care facil-
ities, venous-thrombo-embolism, medical comorbidities, adjuvant therapies, and payer
status significantly contributed to projected cranial bundle payments.
CONCLUSION: For the first time, to our knowledge, we project the values of episode-
based bundled payments for common vascular and tumor cranial operations. As previ-
ously identified in orthopedic procedures, there is significant variability in total bundle
payments within each cranial procedure. Compared to spine and orthopedic procedures,
postdischarge care significantly impacts total bundle payments in cranial neurosurgery.
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C enter for Medicare and Medicaid
Services (CMS) introduced the Bundled
Payments for Care Improvement (BPCI)

in 2013 as a strategy to control health-care costs
and improve quality.1 Under BPCI, payments
to hospitals, inpatient and outpatient providers,
and other health-care services are combined
in a single episode of care lump sum, which
incentivizes providers to control costs, minimize
complications, and reduce readmission rates in

ABBREVIATIONS: BPCI, Bundled Payments for Care
Improvement; CI, Confidence Interval; CMS, Center
for Medicare and Medicaid Services; CPT, current
procedure terminology; DRG, diagnosis related
group; IQR, interquartile range; IRB, Institutional
Review Board; ICD, International Classification of
Diseases; VTE, venous thrombo-embolism

order to keep a portion of the cost savings.2
BPCI initially included spine, general, cardiac,
and orthopedic procedures in addition to
medical conditions. In the newest iteration
of this payment model announced in 2018,
BPCI advanced will expand coverage to hepatic
disorders.3 Currently, cranial neurosurgical
operations are not eligible for BPCI, yet given
the intention of CMS to move away from tradi-
tional fee-for-service reimbursement models,
cranial operations could be included in future
editions of BPCI.
We generated projected bundle payments

for hypothetical episodes of care at 30-, 60-,
and 90-d intervals using retrospective billing
data from the MarketScan database for 4 classes
of cranial operations: craniotomy for unrup-
tured aneurysm, craniotomy for meningioma,
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craniotomy for malignant glioma, and craniotomy for metastasis.
We describe the relative contribution of physician, hospital, and
outpatient payments to total bundle prices for cranial operations
and identify readmission rates and discharge status at each time
interval. We hypothesize that postdischarge care will account for a
significant portion of the total bundle payment for cranial opera-
tions given the increased medical complexity of patients requiring
cranial operations.

METHODS

Data Source
We use the MarketScan data from Truven Health Analytics-IBM

Watson Health. Contained in these data are paid claims for individuals
covered by employer sponsored insurance, government, and public
organizations. The MarketScan captures all the health care utilization
of individuals through its databases (inpatient, outpatient, medication,
primary care electronic medical records, lab results, dental, etc) grouped
into commercial claims and encounters, Medicare supplemental, and
Medicaid.4 A unique ID is provided for each patient and can be
used to link to different databases. For this project, we used inpatient
and outpatient claims.

Subjects and Case Extraction
Our study was approved by the Institutional Review Board (IRB)

and carried out in compliance with Health Insurance Portability and
Accountability Act. Consent was not deemed to be necessary by the
IRB given that only de-identified data were used in the study. Inclusion
criteria included patients older than 18 yr who were hospitalized between
2000 and 2016 undergoing cranial operations within the following
categories: craniotomy for unruptured aneurysm, craniotomy for menin-
gioma, craniotomy for malignant glioma, and craniotomy for metas-
tasis. We used International Classification of Diseases (ICD)-9, ICD-
10, and current procedure terminology (CPT) codes to organize cases
into the appropriate category (Table 1). We identified patients who
underwent an operation within the 4 groups (Figure) from the inpatient
files and flagged the first hospitalization satisfying the above condi-
tions as the index operation stay. Next, we used inpatient and outpa-
tient files to identify associated pre- and postoperative hospital admis-
sions and outpatient services. We excluded patients who had less than
2 yr enrollment prior to the index operation (look-back time), history
of prior cranial operation, and less than 90 d of postoperative follow-
up time. These exclusion criteria were applied to make sure that only
an incidence cohort is analyzed. We define postoperative look-back time
as the difference between the date of enrollment and the index hospi-
talization date. Follow-up time was calculated in a similar way as the
difference between the index hospitalization discharge date and the end
of enrollment date.

Simulation of Episode of Care-Based Bundled Payments
In this study, we performed simulations of 30-, 60-, and 90-d episode

of care bundles. In each of these 3 analyses, we examined the payments
of the index hospitalization, with subsequent postoperative inpatient
and outpatient care. We chose time-points 30, 60, and 90 d based on
historical precedents and insights from the literature. The CMS pilot
study utilized 30-d bundles and defined the episode of care as starting

3 d prior to surgery and ending 30 d after the operation.5 The 60-d
bundles were included based on the insight that health care expenditures
return to preoperative baseline 4 to 6 wk after an operation. We included
90-d bundles because the BPCI advanced payment model has shifted to
90-d episodes of care.5 The payments for all the postdischarge hospital
admissions and outpatient services occurring within the bundle period
were included in the analysis as postdischarge. We then analyzed the
percent contribution of postoperative inpatient and outpatient payments
to total bundle payment. All payments were inflated to 2016 United
States dollars using the medical component of the consumer price index
which can be accessed through the bureau of the United States Bureau
of Labor Statistics website (www.bls.gov).

Data Analysis
We calculated bundle payment by taking the sum of the index hospi-

talization payments and the postoperative hospital admission and outpa-
tient payments. Cases with an index hospitalization less than $ 500 and
with postdischarge inpatient or outpatient payments above the 99th
percentile were excluded from our analysis. The average bundle payment
and associated standard deviation were calculated for each of the 4
groups using 30-, 60-, and 90-d bundle models. We performed multi-
variable linear model analyses on logged outcomes to quantify the effect
of patient demographics, payer status, medical comorbidities, adjuvant
therapy, and opioid use on projected bundle payments. Estimates were
presented in terms of percent change with associated 95% CI. For
each of the bundle payment outcomes considered (30, 60, and 90 d),
only a subset of comorbidities which were statistically significant in
bivariate analyses were included in themultivariable model. The bivariate
analyses were performed with the either the Wilcoxon rank-sum test for
continuous variables or the Chi-square test for categorical variables. All
tests were 2-sided with a significance level of 0.05. Data preprocessing
and analyses were performed in SAS 9.4 (SAS Institute, Cary, North
Carolina).

RESULTS

We included 15 276 cranial cases in our analysis. We formed 4
groups using ICD-9, ICD-10, and CPT codes to organize similar
cases: craniotomy for unruptured aneurysm (group 1, n = 2118),
craniotomy for meningioma (group 2, n = 4356), craniotomy
for malignant glioma (group 3, n = 5304), and craniotomy for
metastasis (group 4, n = 3498) (Table 1).

The mean age of patients included in our analysis ranged from
55.1 yr in the unruptured aneurysm group to 58.4 yr in themetas-
tasis group (Table 2). The gender breakdown showed the highest
percentage of female patients in the unruptured aneurysm group
at 77.4%. Breakdown of payer status showed that the metas-
tasis group had the lowest percentage of commercial insurance
payer status at 68.3%, compared with themalignant glioma group
which had the highest percentage of commercial payers at 75.8%.
Themost frequently encounteredmedical comorbidities affecting
patients in the study were hypertension, hyperlipidemia, and
depression. Hypertension was most common in the craniotomy
for unruptured aneurysm group at 56.0%.
The index hospitalization and total bundle payments were

calculated for each craniotomy group. The mean index
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TABLE 1. Definition of Craniotomy Subgroups

Group Description ICD9/10 code CPT code No. (%)

1 Craniotomy for unruptured aneurysm 437.2, 437.3/I67.1 61 697, 61 698, 61 700, 61 702 2118 (13.9%)
2 Craniotomy for meningioma 225.2/D32.0, D32.9 61 512, 61 519 4356 (28.5%)
3 Craniotomy for malignant glioma 191.∗/C71.∗ 61 510, 61 518 5304 (34.7%)
4 Craniotomy for metastasis 198.3/C79.3∗ 61 510, 61 518 3498 (22.9%)
Total 15 276 (100%)

FIGURE. For each class of cranial operation, the percent contribution of postacute services to total bundle
payments was calculated at 30-, 60-, and 90-d time-points. Postacute service refers to any service rendered
following the index hospitalization including postoperative nursing facility and rehabilitation facility stays,
postoperative visits, adjuvant therapies, and hospital readmissions.

hospitalization payments were $ 55,946, $ 50,002, $ 55,858, and
$ 49,866 for groups 1, 2, 3, and 4, respectively (Table 3). The
total mean index hospitalization payment across all operations
was $ 52,828. We then projected mean 30-, 60-, and 90-d bundle
payments for each group (Table 4). In Group 1, the mean 30-,
60-, and 90-d bundle payments were $ 58,937, $ 61,244, and
$ 63,373, respectively. In Group 2, 30-, 60-, and 90-d bundle
payments were $ 52,963, $ 55,609, and $ 58,200, respectively. In
Group 3, 30-, 60-, and 90-d bundles were $ 71,244, $ 90,325,
and $ 102,073, respectively. In Group 4, mean bundle payments
were $ 67,024, $ 82,427, and $ 95,174 for 30-, 60-, and 90-d
bundles, respectively.
We found that postdischarge payments contributed signif-

icantly to projected bundled payments, particularly in 90-d
projected bundles. Postdischarge payments contributed to 15%,
24.5%, and 29.5% of total 30-, 60-, and 90-d bundles, respec-
tively. Postdischarge payments most significantly contributed to
the total bundle payments in craniotomy for metastasis, repre-
senting 24.1%, 37.0%, and 44.2% of total bundle payments
for 30-, 60-, and 90-d bundles (Figure). We found that postdis-

charge payments contributed least to total bundle payments in
craniotomy for unruptured aneurysm, representing 4.8%, 7.8%,
and 10.5% of total bundle payments.
On average, 8.9% of all patients in our study were discharged to

a postacute-care facility after the index hospitalization (Table 5).
Patients undergoing craniotomy for clipping of unruptured
aneurysm had the lowest rate of discharge to postacute-
care facility (6.4%), whereas 10.6% of patients undergoing
craniotomy for malignant glioma were discharged to a postacute-
care facility. Readmission rate is an important metric in predicting
total bundle payments. We found that patients undergoing
craniotomy for malignant glioma and metastasis had readmission
rates of 11.0% and 11.8%, respectively, in a 30-d model, which
increased to 22.5% and 29.3%, respectively, in a 90-d projected
bundle. Conversely, readmission rates were relatively flat when
projected in 30-, 60-, and 90-d bundled models for craniotomy
for unruptured aneurysm and craniotomy for meningioma.
Craniotomy for meningioma cases had the lowest readmission
rates in our models, with 7.0%, 9.4%, and 11.2% readmission
rates at 30, 60, and 90 d.
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TABLE 2. Demographics

Unruptured aneurysm Meningioma Malignant glioma Metastasis
n= 2118 n= 4356 n= 5304 n= 3498

Age
Mean (SD) 55.1 (9.7) 56.2 (12.5) 52.9 (14.4) 58.4 (10.7)
Median (IQR) 56 (49, 61) 57 (48, 64) 54 (44, 62) 59 (52, 64)
Range, (min-max) 18-84 18-96 18-95 18-90

Gender
Male, n (%) 479 (22.62%) 1165 (26.74%) 3034 (57.2%) 1455 (41.6%)
Female, n (%) 1639 (77.38%) 3191 (73.26%) 2270 (42.8%) 2043 (58.4%)

Insurance
Commercial, n (%) 1552 (73.28%) 3070 (70.48%) 4019 (75.77%) 2389 (68.3%)
Medicaid, n (%) 273 (12.89%) 348 (7.99%) 343 (6.47%) 278 (7.95%)
Medicare, n (%) 293 (13.83%) 938 (21.53%) 942 (17.76%) 831 (23.76%)

Comorbidities
Morbid obesity, n (%) 32 (1.51%) 131 (3.01%) 83 (1.56%) 37 (1.06%)
Hepatitis B, n (%) 150 (7.08%) 454 (10.42%) 571 (10.77%) 350 (10.01%)
Cirrhosis, n (%) 16 (0.76%) 40 (0.92%) 67 (1.26%) 79 (2.26%)
Obesity, n (%) 116 (5.48%) 266 (6.11%) 242 (4.56%) 105 (3%)
Chronic obstructive pulmonary disease, n (%) 60 (2.83%) 41 (0.94%) 40 (0.75%) 137 (3.92%)
Depression, n (%) 282 (13.31%) 467 (10.72%) 478 (9.01%) 316 (9.03%)
Smoking, n (%) 425 (20.07%) 293 (6.73%) 391 (7.37%) 386 (11.03%)
Hepatitis C, n (%) 30 (1.42%) 20 (0.46%) 27 (0.51%) 16 (0.46%)
Atrial fibrillation, n (%) 54 (2.55%) 154 (3.54%) 144 (2.71%) 119 (3.4%)
Hyperlipidemia, n (%) 297 (14.02%) 555 (12.74%) 562 (10.6%) 337 (9.63%)
Chronic kidney disease, n (%) 3 (0.14%) 10 (0.23%) 12 (0.23%) 11 (0.31%)
Diabetes mellitus, n (%) 229 (10.81%) 691 (15.86%) 557 (10.5%) 476 (13.61%)
Hypertension, n (%) 1187 (56.04%) 1842 (42.29%) 1838 (34.65%) 1280 (36.59%)

Radiosurgery, n (%) 35 (1.65%) 1397 (32.07%) 2029 (38.25%) 1749 (50%)
Radiation therapy, n (%) 81 (3.82%) 364 (8.36%) 3621 (68.27%) 2711 (77.5%)
Chemotherapy, n (%) 31 (1.46%) 71 (1.63%) 3028 (57.09%) 1566 (44.77%)
Opioid use, post 30 d, n (%) 846 (39.94%) 1064 (24.43%) 1341 (25.28%) 1122 (32.08%)
Opioid use, post 60 d, n (%) 912 (43.06%) 1228 (28.19%) 1604 (30.24%) 1430 (40.88%)
Opioid use, post 90 d, n (%) 960 (45.33%) 1334 (30.62%) 1777 (33.5%) 1613 (46.11%)

IQR, interquartile range.

Onmultivariable analysis, Medicare/Medicaid payer status was
uniformly associated with lower bundle payments in each of the
4 treatment groups for 30-, 60-, and 90-d bundles (Table 6).
Adjuvant radiosurgery and radiation therapy were uniformly
associated with higher bundle payments in each of the 4 treatment
groups for 30-, 60-, and 90-d bundles. Medical comorbidities
such as hepatitis B and atrial fibrillation were associated with
higher projected bundle payments for craniotomy for unrup-
tured aneurysm, the percent difference and 95-percent CI were
17.09% (6.06% and 29.26%) and 19.04% (2.68% and 38.0%),
respectively for a 30-d bundle. In craniotomy for meningioma,
hepatitis B, and atrial fibrillation were associated with higher
bundle payments, the percent difference and 95% CI were
16.31% (9.56% and 23.46%) and 13.64% (2.46% and 26.03%),
respectively, for a 30-d bundle. In the craniotomy for malignant
glioma group, hepatitis B (percent difference 7.82%, 95%
CI: 2.59%, 13.31%) was associated with higher 30-d bundle
payments. In craniotomy for metastasis, hepatitis B was associated
with higher 30-, 60-, and 90-d bundle payments. Interestingly,

opioid use was associated with lower payments in 30-, 60-, and
90-d bundles in craniotomy for unruptured aneurysm, but was
not associated with a change in bundle payment for craniotomy
for malignant glioma or metastasis.
Postdischarge destination status and readmission were included

in the multivariable analysis. Discharge to an acute care facility vs
home and hospital readmission was universally associated with
significantly higher bundle payments at 30, 60, and 90 d for each
craniotomy group. In the craniotomy for unruptured aneurysm
group, discharge to an acute care facility postoperatively was
associated with a 78.86% increase in bundle payment (95% CI:
65.42%, 93.17%), and hospital readmission was associated with
a 47.79% increase in bundle payment value (95% CI: 37.2%,
59.2%). Venous thrombo-embolism was included in the multi-
variable analysis and was universally associated with higher bundle
prices within 30-d epochs for each craniotomy group, particu-
larly in craniotomy for malignant glioma, where venous thrombo-
embolism was associated with a 27.8% increase in bundle price
(95% CI: 20.1% to 36.1%).
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TABLE 3. Index Hospitalization Costs

Craniotomy for

Index hospitalization
pay (physician), mean
(SD), United States

dollars

Index hospitalization
pay (hospital), mean
(SD), United States

dollars

Index hospitalization
other pay, mean (SD),
United States dollars

Index hospitalization
total pay, mean (SD),
United States dollars

Unruptured
aneurysm (n = 2118)

Mean (SD) 7274 (8375) 33 221 (26631) 15 451 (13836) 55 946 (38112)

Median (IQR) 5831 (3721, 8739) 26 918 (16 944, 41 619) 11 773 (7505, 18 886) 47 531 (32 335, 68061)
Range, (min-max) 0-143 482 0-199 315 0-143 647 732-252 921

Meningioma
(n = 4356)

Mean (SD) 5393 (6450) 31 577 (25 832) 13 032 (12 619) 50 002 (35 245)

Median (IQR) 4140 (2868, 6062) 25 614 (15 572, 39 701) 9866 (5807, 15 995) 41 768 (27 944, 61 691)
Range, (min-max) 0-114 060 0-205 918 0-185 173 585-238 953

Malignant glioma
(n = 5304)

Mean (SD) 5226 (5728) 34 953 (26 817) 15 679 (15 131) 55 858 (37 074)

Median (IQR) 3952 (2631, 6045) 28 612 (17 442, 45 525) 11 635 (6 997, 18 775) 46 774 (31 626, 70 783)
Range, (min-max) 0-86 500 0-219 640 0-175 941 574-259 041

Metastasis (n = 3498) Mean (SD) 4821 (4976) 31 561 (24 055) 13 484 (11 567) 49 866 (31 976)
Median (IQR) 3790 (2578, 5587) 25 885 (15 950, 41 892) 10 548 (6221, 16 678) 43 474 (28 383, 64 234)

Range, (min-max) 0-74 796 0-173 971 0-115 883 516-206 420
Total (n = 15276) Mean (SD) 5465 (6262) 32 973 (25 943) 14 390 (13 546) 52 828 (35 715)

Median (IQR) 4164 (2741, 6373) 26 792 (16 536, 42 338) 10 901 (6497, 17 502) 44 747 (29 861, 66 491)
Range, (min-max) 0-143 482 0-219 640 0-185 173 516-259 041

IQR, interquartile range.

DISCUSSION

Increasing the cost efficiency of health-care delivery and
improving coordination of care have become important goals in
the era of the Affordable Care Act. The BPCI was introduced by
CMS in 2013 in order to provide coordinated and efficient care
that controls costs and reduces preventable complications. The
BPCI fits into a larger goal of CMS to trial innovative alternative
payment models that improve quality and reduce cost for CMS
beneficiaries and lies in contrast to traditional fee-for-service
models in which Medicare reimburses providers for individual
services rendered in both the inpatient and outpatient settings.
When introduced in 2013, the BPCI included joint replacement,
cardiac, and spine procedures but has not been applied to cranial
neurosurgical procedures. For the first time in our knowledge, we
simulate the payments of 30-, 60-, and 90-d bundled episodes
of care in 4 classes of vascular and tumor cranial neurosurgical
procedures. Bundle prices have been historically associated with
diagnosis related group (DRG) codes, though we elected to
use CPT, ICD-9, and ICD-10 codes because of the paucity of
available cranial DRG codes, which did not offer sufficient speci-
ficity to accurately identify payments associated with disparate
cranial neurosurgical procedures.
Unlike in our previous work projecting bundled payments

for spinal procedures, postacute care payments significantly
contributed to overall projected bundle payments for cranial
neurosurgical procedures, particularly in craniotomy for

malignant glioma and craniotomy for metastasis. Patients
undergoing these procedures have high 90-d readmission rates,
with up to 29.3% of craniotomy for metastasis requiring
readmission during this time period, and high rates of discharge
to postacute care facilities, with 10.6% of patients undergoing
craniotomy for malignant glioma requiring discharge to an
acute care facility after the index hospitalization. In addition,
adjuvant radiation and chemotherapy treatments contributed
to high postacute care expenditures for patients undergoing
craniotomy for malignant glioma and metastasis. Huckfeldt
et al7 emphasized the importance of postacute care and
discharge status in contributing to variability of 30-d costs
and showed that the root cause of this variability depends on
the procedure or disease treated. In their analysis, up to 92%
of cost variations in 30-d costs for joint replacements were due
to postdischarge spending, whereas up to 93% of 30-d cost
variability in patients with myocardial infarction was due to
readmission. Future work to better characterize the source of
cost variability within 30, 60, and 90 d in each subcategory
of cranial operations will provide operation-specific targets for
achieving cost efficiency in a bundled care model for cranial
operations.
In our analysis, unlike bundle payments for craniotomy for

unruptured aneurysm or meningioma, bundles for craniotomy
for malignant glioma and metastasis are impacted significantly
from disease-specific adjuvant therapies rendered within the first
90 d after surgery. Drawing from these data for craniotomy for
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MEDRESS ET AL

TABLE 5. Discharge Disposition and Readmission Rates by Group

Discharge Disposition Readmission Rates

Craniotomy
Inpatient rehabilitation

facility
Skilled nursing

facility
Long-term

care hospital
Discharged to a

postacute-care facility 30-d 60-d 90-d
group (n) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Unruptured
aneurysm (2118)

99 (4.7%) 35 (1.7%) 1 (0.1%) 135 (6.4%) 163 (7.7%) 221 (10.4%) 296 (14%)

Meningioma
(4356)

260 (6%) 98 (2.3%) 3 (0.1%) 361 (8.3%) 306 (7%) 409 (9.4%) 489 (11.2%)

Malignant glioma
(5304)

425 (8%) 132 (2.5%) 6 (0.1%) 563 (10.6%) 582 (11%) 897 (16.9%) 1195 (22.5%)

Metastasis (3498) 195 (5.6%) 97 (2.8%) 4 (0.1%) 296 (8.5%) 414 (11.8%) 724 (20.7%) 1025 (29.3%)
Total (N = 15276) 979 (6.4%) 362 (2.4%) 14 (0.1%) 1355 (8.9%) 1465 (9.6%) 2251 (14.7%) 3005 (19.7%)

malignant glioma and metastasis, if bundled payment models are
extended to cranial operations, it would be reasonable to center
episodes of care around disease entities with the goal of capturing
the index operation, postoperative adjuvant therapies, and visits
to specialists such as oncologists and radiation oncologists under
a single bundle.
In our multivariable analysis, medical comorbidities including

hypertension, atrial fibrillation, hepatitis B, diabetes mellitus,
and chronic kidney disease significantly affected projected bundle
payments for craniotomy patients. The arthroplasty literature
has also demonstrated that medical comorbidities are associated
with significantly higher inpatient costs,8 which impact total
bundle costs,9 and that internal medicine and psychiatry consults
significantly increased bundle costs.10 We also found that payer
status significantly affected projected bundle payments for all 4
groups in 30-, 60-, and 90-d bundles. The arthroplasty liter-
ature has also shown that payer status affects bundle reimburse-
ments; however, Medicaid patients had higher mean inpatient
costs after knee and hip arthroplasty,11 whereas our analysis
showed that Medicaid patients have lower projected bundle
payments in all 4 craniotomy groups. These findings emphasize
the importance of patient selection and resource utilization in
the context of bundled payments and suggest that selecting
healthy patients may reduce bundle costs but potentially at
the risk of restricting access of neurosurgical care from sicker
patients.
Our group has previously published a study simulating

payments of episode-based bundled care for instrumented and
noninstrumented spine procedures.12 As we showed previously
in simulating bundle payments for spine procedures, simulated
bundle payments for cranial neurosurgical procedure demonstrate
significant variability within each operation subtype and between
subtypes. Retrospective studies on the first several years of BPCI
for spinal fusion procedures show that length of stay was reduced
using BPCI in some studies; however, overall episode-based cost
and readmission rates were not reduced, possibly because of an
increase in case complexity in the BPCI era.13,14

So far, BPCI has been shown to decrease costs for joint
replacement because of decreased utilization of postoperative
services.15,16 Importantly, there have been unintended conse-
quences of BPCI including shifting rehabilitation and recovery
after surgery way from acute rehabilitation or skilled nursing
facilities.6

If bundled payments are expanded to cranial neurosurgical
procedures, we anticipate that targeting hospital readmission,
discharge destination, and reducing venous thrombo-embolism
will be important in reducing total costs for bundled episodes
of care. In fact, other authors have previously identified
hospital readmission and ICU length of stay as significant
drivers of cost following craniotomy procedures, with each
readmission after brain tumor surgery estimated to add $ 20,296
in hospital charges.17,18 Novel pilot programs designed to identify
craniotomy patients who can be sent to a step-down in lieu
of the intensive care unit have yielded cost savings.19 Unlike
spine operations, which demonstrate relatively flat bundle prices
across 30-, 60-, and 90-d time-points, patients undergoing
craniotomy for malignant glioma and metastasis experience
high readmission rates and overall payments between 30 and
90 d, likely because of the need for adjuvant treatment and
higher complication rates inherent to these patients. If bundled
payments are expanded to cranial neurosurgery, opting for
30-d bundles may reduce the need to account for the high
volume of care required by these patients more than 30 d after
surgery.

Limitations
There are multiple limitations to the current study. Our

analysis provides projected values of payments for elective
cranial operations, which would not be an accurate estimate
for emergent craniotomy, particularly in the setting of ruptured
aneurysms. Projections of payments for ruptured aneurysms
would require a separate analysis utilizing ruptured aneurysm
diagnosis codes. Moreover, though we provide the first projected
analysis of episode of care bundled payments for 4 major classes
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TABLE 6. Multivariable Regression of Bundle Cost with Patient Characteristic, Comorbidites, and Opioid Use

Craniotomy for unruptured aneurysm

30-d 60-d 90-d
Percent difference

(95% CI)
Percent difference

(95% CI)
Percent difference

(95% CI)

Age, 10 yr increase −0.06% (−3.66%, 3.66%) 0.1% (−3.54%, 3.88%) 0.19% (−3.44%, 3.96%)
Gender, female vs male −0.91% (−7.26%, 5.87%) −0.38% (−6.85%, 6.53%) −1.51% (−7.89%, 5.31%)
Insurance
Medicaid vs commercial −32.49% (−39.6%, −24.54%) −33.81% (−40.9%, −25.87%) −34.38% (−41.43%, −26.47%)
Medicare vs commercial −31.49% (−39.12%, −22.89%) −31.3% (−39.06%, −22.55%) −29.15% (−36.97%, −20.35%)

Discharge disposition
Postacute-care facility vs home 75.72% (62.27%, 90.28%) 76.96% (63.22%, 91.86%) 72.49% (59.03%, 87.1%)
Other vs home 26.67% (15.85%, 38.51%) 25.2% (14.35%, 37.07%) 25.32% (14.45%, 37.22%)

Readmission, yes vs no 47.07% (36.49%, 58.46%) 53.55% (43.48%, 64.32%) 56.75% (47.22%, 66.89%)
Comorbidities
Hepatitis B, yes vs no 18.03% (6.93%, 30.28%) 16.28% (5.1%, 28.64%) 16.77% (5.78%, 28.9%)
Atrial fibrillation, yes vs no 15.42% (−0.97%, 34.5%) 11.53% (−5%, 30.95%) 10.27% (−6.21%, 29.66%)
VTE, yes vs no 20.89% (2.87%, 42.07%) 13.61% (−3.98%, 34.42%) 17.4% (−0.62%, 38.69%)

Radiosurgery, yes vs no 21.48% (3.46%, 42.64%) 31.46% (12.89%, 53.1%) 31.99% (13.63%, 53.32%)
Radiation therapy, yes vs no 16.29% (2.99%, 31.31%) 15.12% (1.73%, 30.28%) 17.03% (3.58%, 32.24%)
Opioid use, yes vs no −9.3% (−14.58%, −3.68%) −5.97% (−11.33%, −0.28%) −6.04% (−11.34%, −0.42%)

Craniotomy for meningioma

30-d 60-d 90-d
Percent difference

(95% CI)
Percent difference

(95% CI)
Percent difference

(95% CI)
Age, 10 yr increase −1.37% (−3.68%, 0.99%) −1.49% (−3.77%, 0.85%) −1.75% (−4.02%, 0.57%)
Gender, female vs male −3.01% (−7.34%, 1.52%) −3.37% (−7.61%, 1.06%) −3.93% (−8.11%, 0.44%)
Insurance
Medicaid vs commercial −32.21% (−38.59%, −25.17%) −32.82% (−39.15%, −25.83%) −34.01% (−40.24%, −27.13%)
Medicare vs commercial −27.27% (−32.62%, −21.51%) −25.62% (−31%, −19.82%) −25.49% (−30.85%, −19.71%)

Discharge disposition
Postacute-care facility vs home 38.47% (29.84%, 47.67%) 37.94% (29.53%, 46.9%) 37.02% (28.7%, 45.87%)
Other vs home 17.31% (9.81%, 25.32%) 18.03% (10.6%, 25.95%) 17.79% (10.4%, 25.68%)

Readmission, yes vs no 37.67% (29.83%, 45.98%) 45.18% (37.97%, 52.78%) 48.79% (41.82%, 56.11%)
Comorbidities
Morbid obesity, yes vs no 3.03% (−7.35%, 14.59%) 2.1% (−8.21%, 13.57%) 0.04% (−10.03%, 11.22%)
Hepatitis B, yes vs no 16.21% (9.48%, 23.35%) 14.84% (8.25%, 21.84%) 13.46% (6.97%, 20.34%)
Cirrhosis, yes vs no 8.54% (−9.03%, 29.51%) 9.91% (−7.29%, 30.3%) 8.04% (−8.87%, 28.08%)
Smoking, yes vs no −4.55% (−12.36%, 3.96%) −4.2% (−11.91%, 4.18%) −3.45% (−11.08%, 4.84%)
Atrial fibrillation, yes vs no 13.52% (2.34%, 25.92%) 13.46% (2.52%, 25.57%) 12.7% (1.84%, 24.72%)
Hyperlipidemia, yes vs no 1.99% (−3.93%, 8.28%) 1.97% (−3.84%, 8.13%) 2.1% (−3.69%, 8.23%)
Diabetes mellitus, yes vs no 5.58% (−0.23%, 11.72%) 5.43% (−0.26%, 11.44%) 4.61% (−1.02%, 10.55%)
VTE, yes vs no 23.29% (8.83%, 39.67%) 24.61% (10.47%, 40.55%) 27.36% (13.46%, 42.97%)
Hypertension, yes vs no 2.26% (−2.1%, 6.8%) 2.51% (−1.8%, 7%) 2.44% (−1.85%, 6.92%)

Radiosurgery, yes vs no 6.07% (1.41%, 10.95%) 6.55% (1.94%, 11.38%) 6.88% (2.27%, 11.69%)
Radiation therapy, yes vs no 13.84% (6.59%, 21.58%) 24.27% (16.91%, 32.09%) 39.92% (32.28%, 48%)
Chemotherapy, yes vs no −4.98% (−19.14%, 11.67%) 0.13% (−13.66%, 16.11%) 4.84% (−8.32%, 19.88%)

of cranial neurosurgical operations, our study was retrospec-
tively gathered and not randomly collected. Importantly, the
database used in this study aggregates data from multiple data
source, including commercial claims and encounters, Medicaid,
and the Medicare supplement. Given that BPCI is a Medicare
program, the data used in this study to project bundled
payment payments for cranial operations may under-represent

projected bundled values for the Medicare population, which
has been shown to have higher hospital payments following
brain tumor removal.20 Nonetheless, given that private insurance
payments have been shown to closely follow standards set by
Medicare,21 we believe the projected payments in this study
reflect payment trends initiated byMedicare. Furthermore, in our
analysis of the effect of comorbidity status on bundle payments
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TABLE 6. continued

Craniotomy for malignant glioma

30-d 60-d 90-d
Percent difference

(95% CI)
Percent difference

(95% CI)
Percent difference

(95% CI)

Age, 10-yr increase −0.39% (−2%, 1.25%) −0.52% (−2.09%, 1.08%) −0.94% (−2.51%, 0.65%)
Gender, female vs male −1.63% (−4.78%, 1.63%) −1.15% (−4.2%, 1.99%) −1.38% (−4.42%, 1.76%)
Insurance

Medicaid vs commercial −37.13% (−43.06%, −30.58%) −42.86% (−48.73%, −36.33%) −45.2% (−51.08%, −38.61%)
Medicare vs commercial −30.59% (−34.94%, −25.94%) −30.69% (−34.91%, −26.2%) −30.16% (−34.39%, −25.67%)

Discharge disposition
Postacute-care facility vs home 41.57% (35.45%, 47.97%) 33.1% (27.42%, 39.04%) 31.1% (25.49%, 36.95%)
Other vs home 19.46% (13.55%, 25.67%) 15.43% (9.85%, 21.29%) 14.1% (8.54%, 19.95%)

Readmission, yes vs no 32.33% (27.03%, 37.84%) 28.25% (23.83%, 32.84%) 32.53% (28.28%, 36.93%)
Comorbidities

Hepatitis B, yes vs no 7.64% (2.43%, 13.12%) 7.01% (2.08%, 12.17%) 6.8% (1.92%, 11.91%)
Hyperlipidemia, yes vs no −0.32% (−5.36%, 4.99%) −1.18% (−5.95%, 3.84%) −1.52% (−6.28%, 3.48%)
Diabetes mellitus, yes vs no 3.89% (−1.3%, 9.36%) 0.74% (−4.17%, 5.91%) −0.03% (−4.94%, 5.12%)
VTE, yes vs no 28.61% (17.49%, 40.79%) 24.36% (13.54%, 36.22%) 20.7% (9.85%, 32.61%)
Hypertension, yes vs no 0.62% (−2.93%, 4.29%) 1.5% (−1.91%, 5.02%) 0.71% (−2.67%, 4.21%)

Radiosurgery, yes vs no 10.39% (6.63%, 14.28%) 13.68% (9.97%, 17.52%) 17.12% (13.31%, 21.05%)
Radiation therapy, yes vs no 20.37% (15.5%, 25.45%) 44.32% (38.11%, 50.8%) 50.04% (43.37%, 57.03%)
Chemotherapy, yes vs no 3.3% (−0.39%, 7.13%) 6.29% (2.58%, 10.15%) 6.93% (3.15%, 10.85%)
Opioid use, yes vs no −1.39% (−4.96%, 2.31%) 0.47% (−2.83%, 3.88%) 1.45% (−1.79%, 4.8%)

Craniotomy for metastasis

30-d 60-d 90-d
Percent difference

(95% CI)
Percent difference

(95% CI)
Percent difference

(95% CI)
Age, 10 yr increase −3.79% (−6.21%, −1.3%) −3.69% (−6.04%, −1.29%) −3.66% (−6%, −1.26%)
Gender, female vs male 1.3% (−2.74%, 5.51%) 0.64% (−3.27%, 4.72%) −0.33% (−4.19%, 3.69%)
Insurance

Medicaid vs commercial −42.06% (−48.3%, −35.07%) −43.82% (−49.92%, −36.98%) −47.01% (−53.1%, −40.14%)
Medicare vs commercial −18.89% (−24.45%, −12.92%) −18.89% (−24.4%, −12.99%) −20.7% (−26.09%, −14.91%)

Discharge disposition
Postacute-care Facility vs home 27.82% (20.05%, 36.09%) 22.61% (15.09%, 30.61%) 20.4% (12.89%, 28.42%)
Other vs home 17.39% (10%, 25.28%) 15.7% (8.51%, 23.37%) 15.73% (8.53%, 23.4%)

Readmission, yes vs no 39.39% (32.87%, 46.22%) 40.51% (34.85%, 46.4%) 37.38% (32.09%, 42.88%)
Comorbidities

Hepatitis B, yes vs no 15.76% (9.04%, 22.89%) 15.41% (8.87%, 22.34%) 14.18% (7.71%, 21.04%)
Obesity, yes vs no −0.97% (−11.07%, 10.29%) 2.01% (−7.86%, 12.95%) 3.47% (−6.45%, 14.45%)
Smoking, yes vs no −0.76% (−7.03%, 5.94%) 1.02% (−5.06%, 7.5%) −0.03% (−6.09%, 6.43%)
Chronic kidney disease, yes vs no 1.23% (−21.55%, 30.62%) 4.85% (−16.67%, 31.93%) 2.71% (−18.81%, 29.93%)
VTE, yes vs no 27.72% (14.87%, 42.02%) 24.87% (12.16%, 39.02%) 22.06% (9.31%, 36.3%)

Radiosurgery, yes vs no 14.93% (10.27%, 19.79%) 19.5% (14.74%, 24.45%) 20.32% (15.53%, 25.3%)
Radiation therapy, yes vs no 15.04% (9.36%, 21.02%) 20.98% (14.89%, 27.4%) 19.45% (13.43%, 25.8%)
Chemotherapy, yes vs no 6.9% (2.72%, 11.25%) 12.66% (8.36%, 17.13%) 19.61% (15.04%, 24.37%)
Opioid use, yes vs no −2.33% (−6.39%, 1.9%) −1.66% (−5.46%, 2.3%) −0.15% (−3.98%, 3.82%)

VTE, venous thrombo-embolism.

we could not differentiate between payments for comorbidity-
associated complications and payments for routine care for a
given comorbidity, which is an inherent limitation of the database
approach.

CONCLUSION

Bundled episode of care payments have been introduced in
spine, orthopedic, general, and cardiac surgery but have not yet
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been applied to cranial neurosurgical operations. For the first
time, we retrospectively analyzed 15 276 episodes of care from
a large administrative database to generate projected 30-, 60-,
and 90-d bundled payments for 4 major classes of cranial
operations in tumor and vascular neurosurgery. Unlike our
prior analysis of projected bundle payments for spine opera-
tions, we demonstrate that postdischarge care contributes signif-
icantly to total cranial bundle payments, with 29.5% of total
bundle payments for all operations attributed to postdischarge
care in 90-d bundles. Medical comorbidities, payer status, and
adjuvant therapies significantly impacted total bundle payments
for cranial neurosurgical procedures. Moving forward, bundled
care payment systems need to be studied rigorously before they are
applied to cranial neurosurgery, which is inherently heterogenous
and involves complex patients.
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COMMENT

A s the Center for Medicare & Medicaid Services (CMS) continues
to roll out the Bundled Payments for Care Improvement Advanced

(BPCI Advanced) Model of its program for implementing voluntary
episode payment models, 33 in-patient episodes, including fusion
and non-fusion spine surgeries, have been included. Episodes of care
associated with the remainder of neurosurgical procedures are likely to
follow.

It is imperative that neurosurgeons take a proactive rather than reactive
approach to the determination and administration of fair bundled
payments structure for cranial procedures. This study represents the first
analysis of projected bundled payments for common elective cranial
operations based on data culled from a large national longitudinal
commercial claims database. Analysis like these are a crucial exercise
that may foreshadow and influence the eventual expansion of bundled
payments models put forth by the CMS.

The study estimates typical 30-, 60-, and 90-day costs of open cranial
procedures; cost analysis revealed large variance in cost depending on
the pathology treated. Similar to experience in spine bundled payments,
discharge disposition and readmissions have huge impacts on costs.
The authors find that costs for malignant glioma and metastatic cancer
include extensive additional costs beyond the surgical episode of care
including rehabilitation, radiation, and chemotherapy performed within
the 90-day postoperative period.

This granular detail is necessary to ensure that the foundations of
neurosurgical bundled payments are sound. This data-driven analysis
of costs will aid neurosurgeons and the institutions where they practice
and will be instrumental in guiding future bundled payments for elective
cranial surgery.
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