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Abstract

Objective—Chronic subdural hematoma has an increasing incidence and results in high
morbidity and mortality. We review here the ten-year experience of a single institution and the
literature regarding the treatment and major associations of chronic subdural hematoma (cSDH).

Methods—We retrospectively reviewed all cSDHs surgically treated from 2000 to 2010 at our
institution to evaluate duration from admission to treatment, type of treatment, length of stay in
critical care, length of stay in the hospital and recurrence. The literature was reviewed with regards
to incidence, associations and treatment of cSDH.

Results—From 2000-2008, 44 patients were treated with burr holes. From 2008 to 2010, 29
patients were treated with twist drill evacuation (SEPS). 4 patients from each group were
readmitted for reoperation (9% vs. 14%; p=.53). The average time to intervention for SEPS
(11.2+15.3 hrs) was faster than for burr holes (40.3+69.1 hrs) (p=.02). The total hospital LOS was
shorter for SEPS (9.3+6.8 days) versus burr holes (13.4+10.2 days) (p=.04); both were
significantly longer than for a brain tumor patient undergoing craniotomy (7.0£0.5 days, n=94, P<.
01).

Conclusion—Despite decreasing lengths of stay over time as treatment for cSDH evolved from
burr holes to SEPS, the length of stay for a cSDH is still greater than that of a patient undergoing
craniotomy for brain tumor. We noted 11% recurrence in our series of patients, which included
individuals who recurred as late as 3 years after initial diagnosis.
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Introduction

Incidence and Impact

Current trends in an aging population predict that chronic subdural hematoma (cSDH) will
surpass primary brain tumors (up to 14 per 100,000/year)!, and metastases (approximately
28 per 100,000/year)? to become the most common cranial surgical condition once
approximately 20 to 25% of the population is greater than 65 years old3. In the United
States, this is projected to occur by the year 2030%.

The incidence of cSDH has steadily risen in global populations since 1967. It was 1.7 per
100,000 in Helsinki, Finland from 1967 to 1973° and 2.0 per 100,000 in Sweden in 19696 It
was 13.1 per 100,000 in Japan from 1986 to 19883 and increased to 20.6 cSDHs per 100,000
by 2005. Among people over 80 years of age, who comprise one-third of the total
afflicted3 5 6.8 the incidence is 127.1 per 100,0007. An annual incidence of 20 cases per
100,000 would suggest that ~60,000 Americans will become afflicted with cSDH each year.

Chronic subdural hematoma is neither a trivial nor benign disease. It has a high recurrence
rate ranging from 5 to 14%3: > 6.8 Contrary to common belief, it also has a poor prognosis.
Patients treated for cSDH are at risk for intracerebral hemorrhage, seizures, and
exacerbation of comorbidities associated with the interruption of anticoagulant therapy. Up
to 20% of patients have poor neurologic outcomes resulting in significant disability8-11.
Perioperative mortality for cSDH ranges from 1.2 to 11%. One-year mortality among elderly
patients treated with a drainage intervention is 32% 12. The outcome for cSDH is even worse
with conversion to acute SDH® 8. 11. 13 A recent study observed the mean survival of 209
post-cSDH patients to be 4.4 years, which is significantly shorter (hazard ratio of 1.94,
p<0.0002) than the mean of 6.0 years survival computed from actuarial life-tables!2.
Another retrospective study of 301 patients admitted with cSDH found the mortality risk to
be as much as 17 times greater than the general population in the 55-74 age rangel4. The
costs to society for cSDH include not only care costs, but also decreased quality of life for
the afflicted patients and their caregivers.

Risk Factors

Unlike acute subdural hematoma, which is nearly always preceded by compelling trauma,
29 to 38% of patients treated surgically for cSDH have no memorable precipitating
traumal® 16, The vast majority have sufficiently mild trauma that there is no loss of
consciousness'’, suggesting that afflicted patients may have an intrinsic susceptibility.

Several potential predisposing factors for cSDH have been identified. In a Swedish study
from 1969 to 1993, alcoholics comprised 14.7% of all patients with cSDH®. Among cSDH
patients in the same study, 18% were anticoagulated, and an additional 17% consumed
aspirin. Among 1000 surgically treated cSDH patients in Spain, 13% abused alcohol, and
12% were anticoagulated'®. Anticoagulation increases the risk of all intracranial hemorrhage
by 7 to 10 fold (odds ratio 1.64), with 30% of hemorrhages occurring in the subdural
spacel8.
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Cerebral atrophy enables minor stress or trauma (such as a fall rather than a motor vehicle
accident) to provoke separation of the dura-arachnoid interface, as is also seen with subdural
hygromal®. Cat and dog models suggest that once the dura and arachnoid separate, fibrin,
from either serum or exudates, can induce proliferation of granulation tissue on the inner
dural surface2C. Wilfred Trotter originally hypothesized in 1914 that this proliferation of
dural border cells results in production of a neomembrane, and subsequent growth of new
vessels directly within the subdural space?!. Subsequent studies show that chronic SDH can
result from bleeding from these vessels by repeated microhaemorrhage from the
neomembrane??,

It has also been hypothesized that atrophy leads to tearing of bridging veins between the
rigidly fixed dura and mobile arachnoid layer. Microscopy of post-mortem material
demonstrates that the subdural portion of the bridging veins has thinner vessel walls with
less collagen, resulting in greater fragility than the subarachnoid portion 23,

The incidence of non-traumatic intracranial hemorrhage resulting from virtually every
etiology except for arteriovenous malformations increases with age?4. The aged brain is
thought to be more susceptible to intracerebral hemorrhage because of the increased
incidence of hypertension, arteriosclerosis and angiopathy2®. However, many patients with
intracranial hemorrhage, and particularly subdural hemorrhage, do not have these findings2°.

Previously, we used a volumetric image analysis algorithm to determine the association
between atrophy and subsequent cSDH26. Volumetric analysis was performed on CT scans
acquired a mean of 209 days prior to cSDH diagnosis in 19 patients. Cerebral atrophy
present on these scans was then compared to 76 age matched control patients randomly
selected from cSDH-free subjects. There was a higher degree of atrophy in cSDH patients
(N =19, 14.3% + 5.4%) than in age-matched control patients (N = 76, 11.9% + 5.5%; p =
0.044). Logistical regression demonstrated that atrophy was found to be a significant
predictor of cSDH at all ages (O.R. = 1.11, 95% C.I. = [1.01 1.23], p = 0.05). For younger
subjects < 65 years of age (N = 50), atrophy was an even stronger predictor of cSDH (O.R. =
1.17, 95% C.I. = [1.02 1.34], p = 0.026)25,

As the American population ages, the consumption of aspirin has steadily increased. As of
2005, 43 million American adults, comprising 20% of the people over 18 years old, were
taking aspirin on a daily or near-daily basis 27. Among adults over the age of 65 years, 49%
were taking aspirin in 2005 compared with only 30% in 1991428, Among adults over 65
taking aspirin in 2005, 41% had never been told they had any risk factors for cardiovascular
disease 27

While benefits to aspirin are clear in patients with risk factors for, or a history of, vascular
thrombotic disease, consumption in asymptomatic adults is still a topic of active
investigation2®: 30, Two meta-analyses suggest that the risk of hemorrhage is greater than the
benefit of thrombotic disease prevention in asymptomatic patients3 32, Aspirin was found
to decrease the risk of particular cancers in one 2011 study33, however a 2012 meta-analysis
contradicts this finding32. Meta-analysis by the Antithrombotic Trialists consortium
concluded that “in primary prevention without previous disease, aspirin is of uncertain net

Neurol Res. Author manuscript; available in PMC 2015 September 10.



1duosnue Joyiny VA 1duasnuen Joyiny VA

1duosnue JI0yiny VA

Balser et al.

Page 4

value, as the reduction in occlusive events needs to be weighed against increase in major
bleeds™31,

Based on data from 135,000 patients enrolled in several prospective studies, the risk of
intracranial hemorrhage from aspirin use is approximately 0.3 per thousand patients taking
aspirin34, with one-third of intracranial hemorrhages being subdural hematomas. Meta-
analysis of prospective randomized trials with aspirin versus other agents to prevent
secondary vascular events, resulted in finding of a non-significant (possibly due to limited
statistical power) trend for increased incidence of hemorrhagic stroke among 17,000
participants3L.

More recently, a randomized trial of 28,980 Scots with mild atherosclerosis demonstrated
that aspirin use was associated with a trend for increased risk of major hemorrhage (2.0% vs
1.2%, hazard ratio, 1.71, 95% confidence interval, 0.99-2.97). Aspirin profoundly impacts
the severity of hemorrhage. Intracranial hemorrhage was fatal in 3 of 4 aspirin patients in the
atherosclerosis study3°.

Numerous studies provide strong evidence that intracerebral hemorrhage is the most
common fatal complication of anticoagulant therapy, with older patients most at
risk18:36-39 The increase in consumption of anticoagulants parallels a corresponding
increase in intracranial hemorrhage. Between 1988 and 1999, as the use of warfarin
quadrupled, the incidence of anticoagulant-associated intracerebral hemorrhage increased
five-fold, to 17% of all intracerebral hemorrhages?°. Such hemorrhage has a high mortality,
with rates between 46% and 67% reported in three clinical seriesl8 41,42, Among patients
already unconscious at admission, mortality rates can be as high as 96% at 30 days after the
ictus?3.

Patients receiving anticoagulants are at increased risk after intracranial hemorrhage and tend
to have poorer outcomes than their non-anticoagulated counterparts*4. Poorer outcomes may
be due to higher rates for delayed enlargement of the hematoma“®, recurrent

hemorrhage®® 47, or exacerbation of the underlying problem requiring anticoagulation in the
first place.

Treatments for cSDH

A craniotomy is the excision of a skull flap over the hematoma to allow surgical drainage or
other relief of the collected subdural blood. It is now more commonly used for acute
subdural hematomas“8, or for chronic hematomas that have coagulated into a solid fibrotic
or membranous mass#® and/or calcified®0. A 1993 retrospective study of its use for cSDH
was performed that found no significant difference in post-operative mortality, neurological
outcome as defined by the GCS, or recurrence when comparing craniotomy to burr hole and
twist drill craniostomy20. However, a comparison study in 2009 between craniotomies and
burr holes found subdural rebleeds to recur more (27.8% to 14.3%) in craniotomy
procedures®l. Because the majority of the cSDH population is elderly and thus affected by
factors including brain atrophy, multiple medications including antiplatelets/anticoagulants,
poor cardiovascular health, and increased risk for frequent falls and traumal?: 12 14. 47 the
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increased recurrence rate of a surgically invasive procedure may help explain why burr hole
and twist drill treatments are more generally popular®2: 53,

Burr hole craniostomy is the most broadly popular surgical option for primary chronic
subdural hematomas in most reporting countries®: 53-55, 859% of Canadian neurosurgeon
respondents to a treatment survey in 2005 preferred single or double burr holes to any other
surgical treatment for cSDH®°. In 2006, a survey of the UK and Ireland found that 92% of
surgeons preferred burr holes®3. Burr hole procedures have been found to be competitively
efficacious in the elderly, with a recent retrospective 2012 study finding neurological
outcome improvement of as much as 83% in the 65-74 age group of the 322 patients by the
Rankin Scale*’. Most of the current literature regarding burr hole craniostomy is in the
refinement of technique. Santarius et al performed a randomized controlled trial comparing
draining subdural hematomas relieved by burr hole drilling versus drilling the holes without
chronically draining the internal fluid through a catheter. Drainage was theorized to reduce
the recurrence of bleeding from a treated hematoma by the removal of fibrinolytic elements
in the accumulated fluid22: 5657, The presence of a drain was so strongly associated with a
reduction in recurrence (9% to 24%) in addition to less stark improvements in long term
mortality and post-surgical Rankin scores that the study was stopped and all participants
were placed on drainage®8. A meta-analysis conducted a year later, however, found no
significant difference between postoperative drainage or non-drainage®. A recent 2010
review found literature suggesting the superiority of subperiosteal drainage to direct
subdural drainage®2. Though the general neurological improvement of subperiosteal
drainage patients was generally higher than subdural drainage patients according to a
retrospective study in 2012, the former group had triple the recurrence requiring reoperation
rate, and no significant difference in outcome could be found between the treatment types®0.

Twist drill to drain a cSDH involves inserting a hollow screw in the skull outside the
hematoma until it punctures the dura, which will then be drained through the screw by a
sterile collecting catheter. It is favored as a new method for treating subdural hematomas
because of the reduced need for general anesthesia and the reduced stress of complicated
surgery, especially in the elderly®L. In 1999, one of the first published studies on its efficacy
found it to have a recurrence rate of 26% and an infection rate of 2%°%2. Recent retrospective
studies have demonstrated at least an 80% improvement in neurological status post-
treatment using twist drill intervention®1: 63, A retrospective study of a modified twist drill
technique with post-operative rinsing and closed system drainage used from 2006 to 2010
had a 63.3% rate of resolution with the first operation and an 80.3% rate of significant
improvement before additional operations were performed®3. Hyperdense hematomas,
which are presumably more solid and less liquid than hypodense hemorrhages, were found
to require fewer subsequent operations®3, though earlier literature theorized that twist drill
was more useful for more liquefied hematomas®2. Randomized controlled trials have found
that the removal of the evacuation catheter after 48 hours is best to prevent complications
resulting from sustained bedside drainage54 65.
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Pharmacologic Supplementation to Surgery

In addition to the anesthesia and anticoagulant necessary for general surgery and cSDH
craniostomies in particular, there are new and specific drug interventions under review. A
2007-2010 study of 139 patients infused 1 mg/mL tPA into drained burr hole and twist drill
patients post-operation as needed if the patient became symptomatic and the drainage was
<50mL. This protocol addition significantly reduced the recurrence rate to 0% for both
treatments, though the sample sizes were low for the experimental group6®.

Seizures are also a problem in cSDH treatment. Preoperative seizure diagnoses are
associated with lower GOS scores post-operation” and a higher rate of post-operation
seizure and death®8. Postoperative seizures are also associated with recurrence of the
hematoma and the necessity for a repeat operation®®. A retrospective 2009 study on the
administration of pre-operative anti-epileptic medication did reduce the post-operation
seizures but did not significantly affect any measure of post-surgical outcome?0.

Corticosteroids are also considered for use to treat cSDH. An observational only literature
review of corticosteroid treatment demonstrated recurrence rates of, at most, 26%, and good
outcome rates of at least 83%71.

Several studies and meta-analyses have been performed in the recent years comparing the
three main treatment modalities, with comparisons between burr hole and twist drill
procedures being the majority of recent publications. Several randomized prospective trials
have been unable to find a significant difference between burr holes and twist drills in
measures of cognitive improvement, mortality, or recurrence/reoperation’2-"4. A meta-
analysis of 830 publications made prior to 2010 defining the utility of each procedure as a
function of recurrence, death, and other complications (weighted with death being the worst
outcome and no complications being the best) found in favor of burr hole craniostomy by a
narrow but significant margin. Of interest in the rough outcome summary is that
proportionately, craniotomies resulted in the most deaths, burr holes resulted in the most
nonfatal complications, and twist drills had the most recurrence with the least proportion

cured®®. The increased recurrence of hematomas with twist drills is noticed in several other
studies! 52 55, 66,

The Subdural Evacuating Port System (SEPS) is a hermetically-sealed closed drainage
variant of the twist-drill craniostomy introduced in 20037, It is commonly done under local
anesthetic, unlike craniotomies and burr holes, the latter of which can be done under local
anesthesia but may be performed under general anesthesia®. Because of the sealed nature of
the system, it is frequently done at the bedside without worry of infection’® 76, This is
hypothesized to be of great advantage in elderly morbid populations in which cSDH is most
prevalent and wreaks multiple sequelael: 12.14.47 |n 2010, a case-control study of 129
matched patients with SEPS or burr holes compared radiological changes, recurrence,
mortality, seizure, length of stay, and home discharge rates which were all found to have no
significant differences’’. A retrospective study done afterward comparing successful to
failed SEPS treatments in 74 patients had a 74% success rate defined by the need to
reoperate (recurrence was 26%). Successful operations were correlated with higher initial
rates and total volumes of drainage as well as with hypodense, smaller volume
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hematomas’®, which contrasts with the 2012 Krieg et al finding that twist drills more
successfully evacuate hyperdense hematomas on the first operation®3. The latest
retrospective report of 52 patients found a success by improvement and discharge rate of
73%, with 35% recurrence and 27% recurrence necessitating reoperation. 78% of patients
returned to baseline on follow up’8. All recent studies have corroborated the theory that
SEPS is associated with low comorbidity52: 76-78,

Our research group retrospectively reviewed SEPS (29 patients) and burr holes (44 patients)
procedures performed in the Manhattan VA hospital in the New York Harbor Health Care
System. Procedures from January 2000 through October 2010 were included. The hospital is
not a trauma center, and serves as a neurosurgical referral center for 14 other affiliated
hospitals. All patients admitted to the hospital prior to August 2008 underwent burr holes in
the operating room and all patients admitted thereafter underwent SEPS (Medtronic) at the
bedside in the surgical intensive care unit (SICU) or emergency room. No patient admitted
after August of 2008 underwent burr hole drainage of a subdural hematoma.

Patients whose subdural was not first treated by either burr holes or SEPS were excluded.
The very first SEPS procedure performed at the institution, which was performed in the
operating room with monitored anesthesia care was also excluded. Patients admitted for
reasons other than neurological symptoms leading to a diagnosis of chronic subdural
hematoma or for treatment of a chronic subdural hematoma were excluded.

A cost analysis was performed based on mean actual cost to the hospital incurred for care
rendered in 2010 multiplied by the units of care required for each case. The cost basis for
2010 was used to adjust for inflation from prior years. Costs were $5182 per day in the
SICU, $4497 per day on the ward, and $1585 per SEPS kit (materials only). Costs for burr
hole procedures in the OR were $2517 for personnel and a total of $838 for disposable
equipment, totaling $3355 for each case. All surgeons and anesthesiologists were salaried
which resulted in no difference in cost between business day and after hours procedures.
Nursing was compensated at a higher rate after hours, which we were unable to account for
in our data. When patients were readmitted for recurrent SDH, LOS calculations were
performed to reflect the total length of stay, (i.e. a sum of the first and second admissions).
All calculable costs of the readmission were taken into account when calculating total costs.

Statistical analysis was performed using standard methodology. The two-sample T-test was
used for quantitative analyses including costs and length of stay, and the Fisher exact test
was used to compare categorical variables such as recurrence/reoperation. Additionally, a Q-
Q plot comparison of SEPS and Burr Hole groups found that the cost data followed a log
normal distribution. Therefore, a random sampling method, the Monte Carlo Simulation was
used to test the significance of the difference between the two treatment costs by testing if
the difference could be replicated if the data was scrambled between the groups.

73 total patients underwent a neurosurgical procedure for evacuation of chronic subdural
hematoma during these 10 years of the data inclusion period. 44 patients were treated with
burr holes and 29 with SEPS. Patient characteristics were similar between the two groups
(Table 1). In the SEPS group, 6 of 29 patients had bilateral SDHs yielding a total of 35
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separate SDHSs. 23 of these SDHs were treated with a single SEPS placement, 9 were treated
with 2 SEPS placements, and 3 were treated with 3 SEPS placements. 25 patients had a
single admission and 4 were discharged and readmitted for additional treatment. Three
patients underwent craniotomies after SEPS due to insufficient drainage of the hematoma;
one craniotomy was performed during the same admission, and 2 were performed on
readmission. The other two patients who were readmitted for SDH recurrence underwent
repeat SEPS placement which is already accounted for in the above statistics.

In the burr holes group, 6 of 44 patients had bilateral SDHs for a total of 50 SDHs treated.
One patient underwent a repeat burr hole procedure during the same hospitalization. 16 of
the 44 burr hole subdural evacuations were performed under general anesthesia and the
remainder were performed under monitored anesthesia care with local anesthetic. While 6 of
29 patients treated with SEPS and 6 of 44 treated with burr holes had bilateral subdural
hematomas, this difference was not significant (p=0.43).

4 patients from the burr hole group and 4 patients from the SEPS group were readmitted for
reoperation after initial treatment (9% of patients with burr holes, 14% of SEPS; p=0.53).
Details of the readmission cases are described in Table 2. Of the 4 SEPS patients who were
readmitted, two were treated with repeat SEPS procedures, and two were treated with
craniotomies. Of the 4 burr holes patients who were readmitted, two were treated with
SEPS, and one each was treated with craniotomy and repeat burr holes.

The average time to intervention for SEPS (11.2+15.9 hrs) was significantly faster than for
burr holes (40.3+69.1 hrs) (p=.02) (Figure 1). The total hospital LOS (Figure 2) was
significantly shorter for SEPS (9.3+6.8 days) versus burr holes (13.4+10.2 days) (p=.04),
although SICU LOS (Figure 3) did not vary significantly (5.7+3.6 days for SEPS vs 4.9+2.1
days for burr holes, p=.30).

Since the time to intervention was less for SEPS than burr holes, we also calculated the post-
procedure length of stay and compared this for the two procedures. The SEPS post-
procedure LOS was 8.6+6.6 days, while the burr hole post-procedure LOS was 11.1+9.8
days (T-test heteroscedastic p=0.18).

The length of stay for craniotomy for brain tumor procedures was stable during the years
2000-10, (mean LOS in days by year from 2000 to 2009 were: 6.35, 6.56, 4.38, 5.32, 6.54,
4.42,4.57,7.07,6.67, and 7.33) suggesting that other aspects of patient care not related to
the type of surgery did not lead to decreased length of stay. Length of stay was 5.7+1.1 days
from 2000-7, and 7.0+0.5 days from 2008-10. The increase in LOS for craniotomy over
that time period was not statistically significant either year-over-year or when grouped as
before and after 2008.

Even accounting for repeat procedures and readmissions, the cost of care was significantly
less (p=.05) with SEPS ($48,446+33,226) versus burr holes ($67,227+46,457) (Figure 4) in
our single-institution series.

Two-thirds of the SDHs in the SEPS group (23 of 35) were successfully treated with a single
SEPS placement, while an additional 26% (9 of 35) required 2 SEPS. We generally
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performed placement of the second SEPS as soon as there was clear evidence that a single
SEPS was insufficient. Criteria for placement of a second SEPS included clotting of the
drainage tube, cessation of drainage after an initial egress of fluid and a CT scan
demonstrating a persistent collection appearing amenable to drainage, along with incomplete
resolution of the clinical indications for evacuation.

The craniotomy that was performed on the same admission in a failed SEPS patient,
represented a SDH that appeared to be fluid on CT, but was found to have organized clot
intraoperatively, and thus in retrospect this patient was a poor candidate for SEPS.

The other two SEPS failures that required readmission and received craniotomies, at 39 and
41 days postoperatively demonstrated multiple loculations that predisposed to recurrence.

Our data suggest that despite a trend toward higher failure rates requiring additional
treatment, usage of a bedside technique for evacuation of chronic subdural hemorrhage
results in faster treatment, a shorter hospital stay, and less expense to the hospital relative to
an equally effective surgical procedure performed in the operating room.

Cost analysis in our study was performed not from perspective, which reflects who is
paying, but rather from valuation, which here was determined as actual cost to the hospital.
In the Veterans Administration, the majority of patient care costs are directly billed to the
United States Government, with a minority of patients having Medicare or private
insurances. Our analysis was performed based on actual costs to the hospital for the use of a
facility, compensation of personnel, or purchasing of supplies.

In our hospital, the operating room is available on weekends, holidays and evenings through
arrangement with the attending surgeon, anesthesia and operating room staff, who are all
called in from home. Hence, it is logical that treatment with SEPS at the bedside (mean 11
hours) was considerably faster than mobilizing the team for the operating room (mean 40
hours). We would emphasize however, that similar results would not necessarily be seen in
hospitals that are trauma centers, or wherever surgeons, anesthesia and operating room staff
are more readily available.

The omission of physician-associated costs from this study was due to the fact that both the
neurosurgeons and anesthesiologists involved in these cases were either salaried directly by
the VA or through service consulting agreement compensating availability rather than
incidence. Since these physicians could be using their time caring for other patients, SEPS
represented a considerable savings in “opportunity costs” over burr holes as
anesthesiologists were not required at all for the procedure, and surgeons were present for
less time since they were not required to wait for anesthesia. One limitation of this study, is
that these “opportunity costs” were not directly quantifiable.

Along similar lines, it is conceivable that the cost savings of using SEPS in other institutions
where operating room costs are greater than $3354.91 per case would be proportionately
greater. We speculate that the mean 4.1 day shorter LOS seen in our study with the SEPS
procedure was possibly due to avoidance of general anesthesia. 16 of 44 burr hole drainages
in our study were performed under general anesthesia. The mean age of a patient undergoing
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treatment in this study was 78 years old. The risks of anesthesia are compounded by age,
with patients older than 75 years at highest risk for postoperative delirium.”9: &0
Interestingly, in the study by Rughani et al, where 7 of 21 SEPS procedures were performed
in the operating room, and three of these SEPS were performed under general anesthesia, the
difference in LOS between SEPS and burr holes was not significant’’.

The first major limitation of this study is its retrospective nature. Our data analysis suggests
that the nature of the patients and their disease severity has not changed over time (Table 1).
We further validated our data by comparing length of stay of craniotomy for tumor
performed by the same teams in the same places over the same time period as subdural
drainage. Nonetheless, this is still a retrospective analysis that is not case-controlled, so it is
conceivable that an unquantifiable or intangible aspect of patient care has changed over the
last ten years and resulted in a decreased LOS for SEPS patients, but not patients undergoing
craniotomies for tumor.

The second major limitation of this study is its applicability to other medical centers and
patient populations. Our data is drawn from a single hospital’s neurosurgery service, and the
population studied is 100% male. The operating room at this facility requires a minimum of
two hours notice for procedures on evenings, weekends and holidays. Mean length of stay at
this facility may be different than from other medical centers.

Given that length of stay in our facility could be inflated by the time from admission to
procedure, we compared post-procedure LOS and found it to be not significantly different
between SEPS and burr hole treated patients. While this weakens the generalizability of our
study by making it more specific to the VA, and other hospitals that do not have immediate
OR access, it emphasizes the point that several factors exist in OR-required procedures, such
as time to operation, that increase the cost of the burr hole procedure.

The third limitation of this study is that we are not necessarily comparing absolutely
equivalently indicated procedures. There may be risks associated with SEPS that are not
seen with burr holes such as increased recurrence’’, or conversion to acute hemorrhage via
iatrogenic injury.”8: 81 Some component of increased risk may be due to case selection.
Certainly patients with multiple septations in their chronic subdural or an acute component
may not represent ideal candidates for SEPS drainage. While we had four patients that
required readmission after SEPS, we factored the cost of that treatment into their care. Our
final cost analysis is thus based on the premise that about 10% of patients will fail SEPS and
require additional treatment.

The economic ramifications of this study are that it could result in considerable health care
cost savings. Given the incidence of chronic subdural hematoma (5/100,000) and the
population of the United States (307 million), approximately 15,000 chronic subdurals are
treated each year. Assuming that only half of these are candidates for SEPS (no acute
hemorrhagic component, relatively few septations), and are treated at hospitals equivalent to
ours (non-trauma centers), that is still a savings of more than 150 million dollars per year.

Neurol Res. Author manuscript; available in PMC 2015 September 10.
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Reduced hospital time of 4.1 days per patient treated with SEPS versus burr holes, again
assuming that half of the 15,000 patients per year in the United States would benefit from
SEPS, results in 30,750 saved hospital days.

Further validation of our data with a prospective randomized trial would establish whether
SEPS is superior to burr holes in the aspects we have evaluated.
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Time to first procedure
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Total length of stay in hospital including readmission
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Total length of stay in ICU including readmission
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Total cost of treatment including readmission and repeat procedures
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Table of patient demographics upon admission to the hospital and discharge after treatment of chronic

subdural hematoma

Table 1

Characteristics

Number of Patients

Age * Standard Deviation
Male

Hypertension

Diabetes

Anticoagulants

Intubated for Airway Protection
Admission Hemiparesis
Discharge Hemiparesis
Admission Dysphasia
Discharge Dysphasia
Admission Ataxia

Discharge Ataxia

Burr Holes
44
78.4+8.4
44 (100%)
31 (70%)
14 (32%)
13 (30%)
3 (7%)

26 (59%)
7 (16%)
13 (30%)
6 (14%)
19 (43%)
11 (25%)

SEPS
29
76.6£11.03
44 (100%)
23 (79%)

6 (21%)

8 (28%)

0 (0%)

12 (41%)

3 (10%)

10 (34%)
1(3%)

12 (41%)

8 (28%)

p
N/A
43
1.00
.40
.30
.86
.15
.14
.50
.66
.15
.88
.81
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The Student’s independent two sample t-test was used to calculate the probability value for age, and the XZ test was used to compare the patient

counts for the other variables. There were no significant differences between the treatment groups.
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