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ABSTRACT

Background: With the drastically aging population in the U.SS., chronic subdural hematomas (cSDHs) are
projected to represent the most common neurosurgical diagnosis requiring treatment within the next two
decades. There is lack of contemporary outcome data in patients treated for nontraumatic and nonacute subdural
hematoma. We aim to portray current mortality rates, complication rates, length of stay, and costs associated with
inpatient cSDH care.
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Methods: The Premier Health-care Database, Premier Inc., Charlotte/NC was queried for encounters October
2016-December 2020 with the ICD-10 diagnoses of nontraumatic nonacute subdural hematoma as the principal
diagnosis among patients age >40 years. Per database in-hospital mortality is defined as mortality in an inpatient
who is not discharged. Complications represent medical conditions not present on admission that affects
mortality, length of stay, and costs within the database.

Results: The query identified 14,136 inpatient encounters. Between October 2016 and December 2020, in-hospital
mortality rates averaged 10.9% in the medical group (MG) and 3.6% in the surgical group (SG) (P < 0.001).
Complication rates averaged between 8.9 % in the MG and 19.9% in the SG (P < 0.001). LOS averaged 3.0 days in
the MG and 5.7 days in the SG (P < 0.001). Total costs averaged $ 10,233 in the MG and $ 26,658 in the SG.

Conclusion: The standardized outcomes presented represent an objective benchmark of contemporary ¢SDH
treatment outcomes in the U.S. With the projected substantial increase of cSDH cases within the next decades,
new treatment strategies such as middle meningeal embolization need to be explored and outperform current
outcome metrics.
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. INTRODUCTION
E Chronic subdural hematoma (cSDH) represents a prototypical disease of the elderly. Due

to the demographic changes driven by an aging population with increased life expectancies,
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c¢SDH incidence has Dbeen increasing worldwide.
Projections quantified c¢SDH to become the most prevalent
neurosurgical diagnosis requiring treatment by 2030,
hence, putting a substantial burden on the health-care
systems.[11>18192425] Tndjcations for surgical treatment are
based on symptomatology and mass effect in the form
of hematoma thickness or midline shift. Craniotomy or
surgical burr-hole evacuation with irrigation and placement
of a drain for 24-48 h is considered standard of care.['*"*
However, on average, 10-20% of patients suffer recurrence of
the cSDH with a substantial portion requiring reoperation.
Among the elderly or patients with significant comorbidities or
coagulopathies, the recurrence rates are even higher.”!3222027]
Recently, neuroendovascular embolization of the middle
meningeal artery (MMA) has been shown to be a safe and
effective treatment modality for subsets of cSDHs. Either as an
adjunct to surgery or stand-alone treatment, recurrence rates
as well as surgical re-treatment rates have been significantly
reduced.?*>1121 Shortened length of inpatient stay and
decreased retreatment rates translated into significantly
decreased 1-year hospital costs.”! However, high class evidence
for MMA embolization from randomized-controlled trials is
yet pending. Multiple trials are proposed or already underway
to elucidate the efficacy of MMA embolization.!®

Optimizing outcomes by reducing hematoma recurrence,
length of inpatient stays, and complications as well as
improving functional outcomes are fundamental to mitigate
the clinical, economic, and health-care burden of c¢SDHs.
Contemporary outcome data for inpatient cSDH patients are
lacking. The present study aimed to provide a comprehensive
understanding of in-hospital mortality, complication rates,
length of stay, and costs that portray the contemporary
burden of cSDH in the U.S.

The authors queried the Premier Health-care Database
(PHD, Premier Inc., Charlotte, NC) to provide outcomes of
more than 14,000 U.S. inpatient cases with nontraumatic and
nonacute subdural hematomas treated between 2016 and
2020.

MATERIALS AND METHODS

The PHD, Premier Inc, Charlotte, NC is an all-payer
database that collects U.S. hospital-based information. To
date, the database exceeds 1 billion patient encounters from
over 230 million unique patients and 120 million inpatient
admissions. Supplied by more than 800 U.S. hospitals, about
20% of all U.S. inpatient discharges over the past decade
are congregated in the PHD. For this analysis, the authors
queried the database for all patients between October 2016
and December 2020 using the parameters of ICD-10 162.00,
162.02, and 162.03 as the principal diagnosis. For all eligible
patients, outcome data elements for in-hospital mortality,
complications, length of stay, and costs were collected. Data
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were grouped into surgically and medically treated patients
and further stratified by age, sex, race, and year of treatment.

Per PHD, in-hospital mortality is defined as a mortality in an
inpatient who is not discharged to another facility, hospital, or
center. Complications are defined as medical conditions not
present on admission that affect mortality, length of stay, and
costs. Eighteen predefined hospital acquired conditions - such
as infections, falls, venous thromboembolism, and serious
preventable events — plus another 82 conditions identified
by Premier comprise these clinical conditions. Length of
stay represents time spent as inpatient. Costs are obtained
from either data submitted by the hospital’s or health-care
system’s accounting system or are calculated based on annual
Medicare cost reports. Medical and surgical treatment groups
were compared using Student’s ¢-tests within the PHD.

RESULTS
Dataset

In the study period October 2016-December 2020, a total of
14,136 inpatient cases were available for analysis with 6821 in
the medical group (MG) and 7315 in the surgical group (SG).
In the MG, 59.1% were male, 72.7% were Caucasian, 46.2%
were between 60 and 79 years old, and 36.7% were >80 years
old. In the SG, 71.5% were male, 69.7% were Caucasian,
57.5% were between 60 and 70 years old, and 25.5% were
>80 years old [Table 1].

In-hospital mortality

Collectively, in-hospital mortality rate was 10.88% in the MG
and 3.61% in the SG (P < 0.001). Descriptively, in the MG, it was
highest in females, patients >80 years and Afro-American race,
while its annual average trended toward a decline during the
study period 2016-2020. In the SG, the in-hospital mortality
was similar in males and females. It was higher in patients
>80 years and highest among the American Indian race which,
however, represented only a small fraction of all cases (52/7315,
0.71% of surgical cases). The in-hospital mortality rates
remained stable during the study period [Table 1 and Figure 1].

Complications

The complication rate in the MG was 8.86% and 19.86% in the
SG (P < 0.001). In the MG, it was higher in females, patients
>80 years, and nonCaucasians. The annual average during the
study period was stable with a marked increase from about
8-10% in 2020. In the SG, the averaged complication rate was
19.86% and similar in males and females. It was higher in
patients >80 years and highest among the American Indian
race which, however, represented only a small fraction of
all cases. The average complication rate declined annually
during the study period [Table 1 and Figure 1].
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Table 1: Outcome metrics among chronic subdural hematomas in the U.S.
Cases (n) Mortality rate (%) Complication Length of stay (d) Total cost
rate (%) average ($)
Medical Surgical Medical Surgical Medical Surgical Medical Surgical Medical Surgical
Total 6,821 7,315 10,88 3.61 8.86 19.86 3.01 5.74 10,234 26,659
Sex
Male 4,031 5,232 9.60 3.55 8.51 19.72 2.97 5.68 10,132 26,673
Female 2,789 2,082 12.69 3.78 9.36 20.22 3.06 5.87 10,380 26,628
Age
40-59 963 1,248 10.92 3.96 7.06 19.07 2.73 5.46 10,645 28,487
60-79 3,151 4,204 9.40 3.05 8.89 18.48 3.02 5.57 10,691 26,562
>80 2,707 1,863 12.54 4.64 9.46 23.51 3.09 6.34 9,556 25,651
Race
White 4,958 5,097 10.73 3.76 8.15 19.44 2.92 5.59 9,579 25,369
Black 923 1,149 12.65 3.24 12.35 21.50 3.49 6.53 11,710 28,822
American Indian 26 52 3.85 7.69 11.54 25.00 3.10 6.27 14,418 27,754
Asian 234 324 8.44 3.11 9.40 22.22 3.09 5.78 13,605 29,943
Pacific islander 36 41 6.25 2.50 13.89 17.07 3.81 4.58 21,745 19,966
Other 457 464 10.67 2.84 8.53 19.40 2.92 5.58 10,912 31,499
Unable to determine 187 188 11.24 3.74 9.09 17.55 3.11 5.70 11,633 31,971
Year
2020 1,258 1,442 9.35 3.61 10.25 17.89 3.04 5.42 10,982 29,306
2019 1,633 1,697 10.91 3.15 8.76 19.21 291 5.64 9,977 26,635
2018 1,691 1,803 10.41 3.29 8.46 19.91 3.02 5.96 10,126 26,466
2017 1,849 1,954 12.12 3.68 8.65 21.24 3.05 5.82 10,198 25,430
2016 390 419 11.75 3.96 7.44 22.67 3.04 591 9,541 24,205
Length of stay Medical complications and comorbidities are the predominant

Average length of stay in the MG was 3.01 days and
significantly shorter than average length of stay in the SG
with 5.74 (P < 0.001). Overall, among subgroups of sex, age,
race, and year, lengths of stay were similar within the surgical
and medical subgroups.

Costs

Total cost average was $10,234 in the MG and $26,659 in the
SG (P < 0.001). While among subgroups of sex, age, and year
costs were similar, there was considerable disparity of costs in
both the medical and SGs among races.

DISCUSSION

While there are numerous studies exploring outcomes in
acute and traumatic subdural hematomas, contemporary
data of U.S. inpatient treatment for nonacute and
nontraumatic subdural hematomas are lacking. The aim of
this study was therefore to provide contemporary objective
outcome descriptive of surgically and medically treated
inpatients >40 years suffering from cSDH. These data
points provide an objective benchmark for yet to come
prospective trials that aim to elucidate the efficacy of MMA
embolization.

driver of in-hospital mortality among cSDH patients.
Intracranial hemorrhage and infection such as subdural
empyema represent severe but rare complications generating
poor outcomes among surgically treated cSDH patients.”?” The
rate of complications in the presented PHD query averaged
20% in the SG demonstrating that despite an average mortality
rate of 3.6% in the SG, still one out of five patients suffers a
medical condition that negatively affects length of stay, overall
costs, and eventually functional outcome. Previously, the
Nationwide Inpatient Sample (NIS) and University Health
System Consortium (UHC) provided objective outcomes
metrics of nontraumatic subdural hematoma®™!! In the U.S.
NIS analysis, 14,093 cases hospitalized for nontraumatic
subdural hematoma between 2007 and 2009 were analyzed.
The surgically treated group comprised 51.4% in line with
the presented PHD query. The authors identified an overall
in-hospital mortality of 11.8%. Surgically treated patients had
significantly lower odds ratio for mortality.”! An analysis of
the inpatients treated for nontraumatic subdural hematoma
from the UHC identified 16,928 cases treated between 2011
and 2015. Overall mortality was reported 9.5% averaged by
5.6% in the SG and 12.5% in the MG. Length of stay averaged
6.8 days and was longer in the surgical compared to the MG
(8.6 days vs. 3.2 days).!"") Importantly, both databases included
patients age 218 as well as acute nontraumatic subdural
hematoma patients. Adding the nontraumatic, acute subdural
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Figure 1: Observed outcomes among chronic subdural hematomas in the U.S.

hematoma ICD code to the presented PHD query, in a total of
25,169 cases, the overall mortality was 9.1% (5.6% in the SG
and 12.7% in the MG), and thus on par with the observations
of the UHC. The significant gap between in-hospital and
reported one-year mortality rates (up to ~30%) mirror that
cSDH represents a sentinel health-care event and that the
post-hospital period is yet to be further explored as well.>1#17]

There herein presented PHD query provided contemporary
descriptive outcomes of nontraumatic nonacute SDH
240 years which may represent typical candidates for MMA
embolization trials. In the unmatched comparison, medically
treated cSDH had significantly higher mortality compared to
surgically treated patients. In contrast, the complication rate,
length of stay, and costs were significantly higher in the SG.

Limitations

Allocation of patients into the medical or SGs is likely to be
highly biased by criteria such as hematoma thickness, midline
shift, neurological status, and comorbidities. Administrative
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database such as the NIS or PHD is subject to recruitment bias
since only a subset of nationwide health systems are affiliated
with databases. Despite these shortcomings, database queries
such as the one presented here delineate objective aggregated
data that portrays baseline data supporting generation of
future study designs and facilitating appropriate power
calculations. The lack of access to further individual patient
level data did not allow further dataset analysis.

CONCLUSION

The standardized outcomes presented represent an objective
benchmark of contemporary ¢SDH treatment outcomes in
the US. With the projected substantial increase of ¢SDH
cases within the next decades, new treatment strategies need
to be explored and outperform current outcome metrics.
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