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OBJECT Chronic subdural hematomas (SDHs) are more common among veterans and elderly persons than among
members of the general population; however, precise incidence rates are unknown. The purposes of this study were 1)
to determine the current incidence of chronic SDH in a US Veterans Administration (VA) population and 2) to create a
mathematical model for determining the current and future incidence of chronic SDH as a function of population age,
sex, and comorbidity in the United States VA and civilian populations.

METHODS To determine the actual number of veterans who received a radiographic diagnosis and surgical treatment
for SDH during 2000-2012, the authors used the VISN03 VA database. On the basis of this result and data from outside
the United States, they then created a mathematical model accounting for age, sex, and alcohol consumption to predict
the incidence of SDH in the VA and civilian populations during 2012-2040.

RESULTS Of 875,842 unique (different patient) visits to a VA hospital during the study period, 695 new SDHs were
identified on CT images. Of these 695 SDHs, 203 (29%) required surgical drainage. The incidence rate was 79.4 SDHs
per 100,000 persons, and the age-standardized rate was 39.1 £ 4.74 SDHs per 100,000 persons. The authors’ model
predicts that incidence rates of chronic SDH in aging United States VA and civilian populations will reach 121.4 and 17.4
cases per 100,000 persons, respectively, by 2030, at which time, approximately 60,000 cases of chronic SDH will occur
each year in the United States.

CONCLUSIONS The incidence of chronic SDH is rising; SDH is projected to become the most common cranial neuro-
surgical condition among adults by the year 2030.
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0.0002) than the mean survival time of 6.0 years computed
from actuarial life tables.3!

The incidence rate for chronic SDH is progressively in-
creasing as the population ages. Current trends in an aging
population predict that after approximately 20%—-25% of

creasing, and the prognosis for patients with chronic
SDH is deceptively poor. For up to 20% of patients,
neurological outcomes are poor, resulting in significant
disability.®!31922 Perioperative mortality rates for patients

INCIDENCE of chronic subdural hematoma (SDH) is in-

with chronic SDH range from 1.2% to 11%. Among elder-
ly patients who undergo treatment with a drainage inter-
vention, the 1-year mortality rate is 32%.3! The outcome is
even worse if chronic SDH converts to acute SDH 13223034
According to a recent study, the mean survival time for
209 patients after treatment for chronic SDH is 4 4 years,
which is significantly shorter (hazard ratio 1.94, p <

the population is older than 65 years, chronic SDH will
surpass primary brain tumors (up to 14 cases/100,000
persons/year)'® and metastases (approximately 28 cas-
es/100,000 persons/year)'® as the most common cranial
surgical condition.?® In the United States, this prediction is
projected to occur by the year 2030.4

Among global populations, the incidence of chronic

ABBREVIATIONS [EN = internal entry number; LPC = liters per capita; SDH = subdural hematoma; VA = Veterans Administration.
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SDH has steadily risen since 1967. It was 1.7 cases per
100,000 persons in Helsinki, Finland, during 1967-1973,"
and 2.0 cases per 100,000 persons in Sweden in 1969.%
The incidence was 13.1 cases per 100,000 persons in Ja-
pan during 1986—-1988% and increased to 20.6 cases per
100,000 persons by 2005.2 Among persons older than 80
years, who comprise one-third of the total afflicted popu-
lation,'"1326-30 the incidence is 127.1 cases per 100,000 per-
sons.” An annual incidence rate of 20 cases per 100,000
persons suggests that starting in 2030, approximately
60,000 Americans will become afflicted with chronic
SDH each year.

Although chronic SDH can resolve spontaneously,'®?*
an untreated hematoma can be fatal, either as a result of
cerebral decompensation or a deteriorating neurological
condition.”® For patients with large chronic SDHs, recur-
rence is less (15%) and neurological recovery is more com-
plete for those who undergo drainage than for those who
do not (26%).> Thus, surgery may either be necessary or
have utility for chronic SDH management.

The epidemiology of chronic SDH, despite its growing
incidence, has not been rigorously studied in the United
States population. Neurosurgeons must be prepared to face
the inevitable increased workload that will accompany the
increased incidence of chronic SDH. The objective of this
study was to determine the incidence of chronic SDH in
a portion of the Veterans Administration (VA) population.
The VA provides health care to approximately 40% of vet-
erans. Veterans who use the VA system are significantly
older (median age 64 years) and have lower household in-
come than those who do not (median age 53 years).*

Using information obtained from the VA database, as
well as data from outside the United States, we created
a mathematical model to predict the future incidence of
chronic SDH in both VA and civilian populations.

Methods

Institutional Review Board approval was obtained be-
fore study initiation.

The VA Data Search Algorithm

Patient data were extracted from the New York Harbor
Healthcare System VISTA (Veterans Health Information
Systems and Technology Architecture) network, which
was accessed by using FileMan software through the At-
tachmate Reflection graphic user interface. Information
was retrieved from the PATIENT (File #2), RAD/NUC
MED REPORTS (File #73), VISIT (File #9000010), and
SURGERY (File #130) files by using FileMan filtering
and parsing tools.

Each patient in the database was referenced by the
internal entry number (IEN) of their unique PATIENT
record. Patients with duplicate names and incorrect or
altered Social Security numbers retain a unique IEN, ne-
gating the danger of losing or misattributing relationships
between information stored in the different files.

The RAD/NUC MED REPORTS file IMPRESSION
TEXT #300) was searched for the case-insensitive terms
“subdural,” “sub dural,” and/or “sub-dural.” The IEN of
the PATIENT NAME (#2) was retrieved by using the IN-
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TERNAL (PATIENT NAME) method. For each record,
the EXAM DATE/TIME (#3) and IMPRESSION TEXT
(#300) was printed.

The results of the file were visually scanned, and those
with a radiologist’s impression (impression text) inter-
preted as not diagnostic of an SDH were excluded. These
excluded impression texts were those specifically denying
the appearance of subdural hematomas or hemorrhages as
well as those diagnosing subdural hygromas. The result-
ing record set was assumed to be a continuous list of all
radiographic diagnoses of SDHs accompanied by the date
the scan was performed. Patients with radiographic diag-
noses of SDH before 2000 were excluded from the study.
Because many chronic SDHs had acute components, these
were not excluded and acute SDHs were not differentiated
in other ways.

The SURGERY file entitled PRINCIPAL PROCE-
DURE (#26) was searched for terms including “subdural,”
“seps,” “bur,” “sdh,” “craniotomy,” “hematoma,” and/or
“hemorrhage.” The IEN of PATIENT (#0.01), the PRIN-
CIPLE PROCEDURE (#26), and the DATE OF OPERA-
TION #0.09) were retrieved. These results were manually
scanned for procedures that did not involve SDH evacua-
tion. Patients who had undergone SDH evacuation before
the year 2000 were excluded from the study.

Database software was used to find the first of either
the date of SDH evacuation or the first of the date of ra-
diographic diagnosis of an SDH for the remaining patients
who did not receive an SDH diagnosis until after the be-
ginning of 2000. The results were stratified by year, and
the number of patients with a new SDH diagnosis each
year during 2000-2012 were counted. By using each pa-
tient’s birth date linked to the previous results via patient
IEN, the age and sex of each of the counted patients at
the year of diagnoses were assigned, and every patient en-
counter was searched via the VISIT file. Each search was
restricted to 1 year of the VISIT/ADMIT DATE&TIME
(#0.01) and retrieved only the IEN of PATIENT NAME
(0.05). The number of unique IEN values per year was
then calculated by using database software. To obtain a
year-stratified record set of the number of unique patients
with at least 1 encounter per year, accompanied by the age
and sex of each patient at the time, the database was cross-
referenced with the patient demographic information.

The results of this search were then stratified by age
and sex over the 13 years of the study.

Mathematical Model for Projecting Future SDH Incidence Rates

To make a mathematical model of the incidence of
chronic SDH in the general US population, we made the
following calculations:

When formulas are given, “% of a population” means
the fraction (i.e., a number between 0 and 1.).

We obtained US population data for 1980-2050, classi-
fied by sex and broad age groups (0—14, 15-64, = 65 years)
and by sex and 5-year age groups (0—4, 5-9, 10—14 years,
etc.) (http://www.census.gov/population/international/data/
idb/informationGateway.php). The Japan-based formula
was derived from an incidence study?® enabling calcula-
tion of cases of chronic SDH per 100,000 persons, clas-
sified by age. For determination of an overall rate (per
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100,000 persons) for a particular year, the following cal-
culation was performed:

Overall rate = 3.4 x (% of population < 65 years) + 58.1 x (%
of population = 65 years)

The same principle applies to finding the total number
of chronic SDH cases for a particular year:

Total no. = [3.4 x (no. of persons < 65 years) + 58.1 x (no. of
persons = 65 years)]/100,000 persons

The Finland-based formula was similarly derived from
another incidence study on chronic SDH that detailed
cases per 100,000 persons."" To determine an overall rate
(per 100,000 persons) for a particular year, the following
calculations were performed:

Overall rate = 0.25 x (% of male population 20-29 years) + 0
x (% of female population 20-29 years) + 1.56 x (% of male
population 30-39 years) + 0.76 x (% of female population
30-39 years) + 4 x (% of male population 40—49 years), etc.

The same principle applies to finding the total number
of chronic SDH cases for a particular year:

Total no. = [0.25 x (no. of males 20-29 years) + 0 x (no. of
females 20-29 years) + 1.56 x (no. of males 30-39 years) +
0.76 x (no. of females 30-39 years) + 4 x (no. of males 40-49
years), etc.]/100,000

Alcoholism/alcohol dependence is a major risk factor for
chronic SDH. However historical data on these parameters
are not readily available. As a substitute, we used average
alcohol consumption measured in liters per capita (LPC).

At the approximate time of the Kudo et al. study in Ja-
pan (1990),% alcohol consumption by persons 15 years of
age or older in Japan was 8 LPC; at the approximate time
of the Foelholm and Waltimo study in Finland (1970),"
alcohol consumption by persons 15 years of age or older
in Finland was 5.8 LPC (http://www.nationmaster.com/
country-info/stats/Lifestyle/Food-and-drink/Alcohol/
Consumption/1970). Because the formulas and data from
these studies were based on these levels of alcohol con-
sumption, they were kept constant over the years being
analyzed. In the United States, alcohol consumption by
persons 15 years of age or older was 9.5 LPC in 1970,
10.5 LPC in 1980, 9.3 LPC in 1990, 8.3 LPC in 2000, and
9.4 LPC in 2005 (http://www.nationmaster.com/country-
info/stats/Lifestyle/Food-and-drink/Alcohol/Consump-
tion/1970). For the years between those for which values
are given, alcohol consumption was linearly interpolated
on the basis of the end points. The alcohol consumption
for every year after 2005 was assumed to be 9.4 LPC. For
Japan-based numbers, for each year, the nonadjusted value
for number of chronic SDH cases each year was multi-
plied by the ratio between alcohol consumption in the
United States and that in Japan in 1990 (8 LPC). Last, the
age-stratified incidence rates were again age-standardized
to the VA population from 2010 through 2040 (estimated),
and the results were plotted as the predicted age-standard-
ized rate of SDHs in the future over time until 2040.

Results

Over the course of the study period, 2000-2012, a total
of 875,842 unique patient visits to a VA facility were re-

Subdural hematomas in US veterans

ported, counting each patient once per year but including
patients counted more than once if the visits occurred in
different years. The average number of patient visits per
year was 67,372 + 15,773. During that period, 695 new
chronic SDHs were diagnosed, accounting for an average
of 53 + 11 visits per year; of those, 203 SDHs were surgi-
cally treated. The incidence rate across all years of the
study was 79.4 chronic SDHs per 100,000 persons (Fig.
1, Table 1). This incidence was stratified by age and sex,
demonstrating that the incidence of chronic SDH increas-
es with age (Table 1). Chronic SDH recurred for 11% of
patients, including recurrence as long as 3 years after ini-
tial diagnosis.

The age standardized rate of SDH occurrence among
VA patients (Table 1) weighted against the rate of chronic
SDH in the world standard population according to the
2000-2025 SEER (Surveillance, Epidemiology, and End
Results) database was 39.1 + 4.74. To gauge the standard
error of the mean, we used a Poisson comparison of the
age distribution of the person-years in the study popula-
tion to the standard weighted age distribution of the per-
son-years in the world population. For comparison, the
age-standardized rate relative to the world standard, from
a previous study of the incidence of subdural hematomas
in Finland, ! was found to be 2.4 per 100,000 persons.
The incidence of chronic SDH among the general US
population was then projected to estimate the effect of an
aging population on future incidence of chronic SDH. In
Fig. 1, the upward trend of the blue area depicts the ag-
ing American population. The graph illustrates the present
and projected increase in the incidence rate of SDH until
2040 as the population continues to age (Fig. 1). In the
same way, incidence rates for chronic SDH among the VA
population were projected and the results were depicted in
a histogram (Fig. 2). The histogram shows incidence rate
of chronic SDH in the VA population as a function of time
in years during 2000-2012. The histogram illustrates an
increasing trend in both operative and nonoperative cases
of chronic SDH during the study period.

Discussion

Despite the fact that chronic SDH is a common surgical
condition associated with a high rate of complications, few
studies have assessed its incidence in the United States.
Our results show that during the study period (2000—
2012), incidence among the VA population was much
higher than the mathematically calculated incidence for
the general US population. The incidence rate for chronic
SDH across the 13 years of study in the VA population
was 79.6 cases per 100,000 persons, and the average in-
cidence rate for the general US population, according to
the Japan-based formula in the same years,?® was 10.35
cases per 100,000 persons. When the Finland-based for-
mula was used,! the average incidence rate for the general
US population was 7.24 cases per 100,000 persons. The
nearly 10-fold difference in incidence rate between VA
and nonveteran populations within the same geographic
area probably reflects differences in age, sex, and other
risk factors between these widely disparate populations.

Given current aging trends, the incidence of chronic
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FIG. 1. Graph showing the incidence rate for chronic SDH (cSDH) in the general US population as a function of time. The y-axis
on the left shows the scale for the percentage of the US population older than 65 years. The y-axis on the right shows the scale for
incidence rate, shown as number of cases of chronic SDH per 100,000 persons. The upward trend of the blue area in the graph
depicts the aging American population. The continuous maroon line depicts the incidence rate for chronic SDH, according to the
Japan-based formula, and the interrupted maroon line shows the alcohol-adjusted incidence rate. The continuous orange line
depicts the incidence rate according to the Finland-based formula, and the interrupted orange line shows the alcohol-adjusted
incidence rate. The graph illustrates the present and projected increase in incidence rates for chronic SDH until 2040 as the popu-

lation continues to age. Figure is available in color online only.

SDH for the VA population is projected to reach up to
121.4 cases per 100,000 persons by 2030, and the inci-
dence for the general US population at the same time, ac-
cording to the Japan-based formula, will be 17.1 cases per
100,000 persons after adjustment for alcohol consump-
tion. The Finland-based formula shows that by 2030, the
incidence rate will be 8.75 cases per 100,000 persons.

For patients who received treatment at the New York
Harbor VA facility during 20082010, the length of hospi-
tal stay for those with chronic SDH requiring evacuation
of the hemorrhage (9.3 + 6.8 days, n = 74) was significant-
ly greater than that for a brain tumor patients undergoing
craniotomy (7.0 = 0.5 days, n = 94).°> The noted SDH re-
currence rate of 11% was consistent with recurrence rates
ranging from 5% to 14%.!1:1326:30

The increasing incidence of chronic SDH in an aging
population underscores the fact that chronic SDH is as
much, if not more, a sequela of degenerative disease than
of trauma. Historically, the pathogenesis of chronic SDH
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has never been solely attributed to trauma.'** Virchow first
hypothesized in 1857, after postmortem studies, that orga-
nized exudates accumulate in the subdural space as a re-
sult of a generalized inflammatory process, and he coined
the term “pachymeningitis haemorrhagica interna.”** In
1914, Trotter reported 4 cases of surgically treated chronic
SDH and proposed trauma, as opposed to an inflamma-
tory process, as their cause.** Subsequent studies show
that blood in the subdural space, secondary to meningeal
trauma, provokes a nonspecific inflammatory reaction by
dural cells, eventually leading to formation of a vascular
neomembrane,?>*? which is responsible for repeat micro-
hemorrhages and resulting growth of the hematoma.!+23-32
In a recent study of 778 patients with chronic SDH in
Brazil, as many as 40% of patients denied a history of
trauma.”” Furthermore, chronic SDH has been reported as
late as 9 months after an initiating trauma.* Trauma re-
sults in extravasation of blood into the subdural space; 342
thus, a larger subdural space predisposes to blood collec-
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TABLE 1. Incidence rates for chronic SDH among persons in the
VA, 2000-2012, stratified by age and sex*

Indicence Rates

Patient Age  No. of
Range (yrs) ~ SDHs

Female Patients Male Patients  Total

0-4 0 0.0 0.0 0.0
5-9 0 0.0 0.0 0.0
10-14 0 0.0 0.0 0.0
15-19 0 0.0 0.0 0.0
20-24 2 0.0 13.9 9.8
25-29 4 0.0 174 12.3
30-34 8 223 285 27.0
35-39 1 131 0.0 34
40-44 14 53.4 36.2 406
45-49 19 0.0 483 39.0
50-54 30 107 430 39.0
55-59 55 0.0 65.3 59.3
60-64 55 338 56.7 55.2
65-69 60 0.0 83.6 80.8
70-74 75 91.6 1140 125
75-79 105 546 115.0 1140
80-84 127 204.8 1615 161.1
85-89 93 50.6 213.2 209.2
90-94 34 0.0 244.9 237.2
95-99 12 0.0 756.2 699.7
2100 1 0.0 178.9 150.8

* Incidence rate = no. of cases/100,000 persons. The average incidence rate
for this period was 79.4.

tion. Microscopy of postmortem material demonstrates
that the subdural portion of the bridging veins has thinner
vessel walls with less collagen, resulting in greater fragil-
ity than the subarachnoid portion.*

Risk Factors

In our study, 72.9% of chronic SDHs were reported for
persons older than 65 years. This finding is consistent with
results from previous studies in other geographic regions,
where about two-thirds (57%-78.7%) of chronic SDHs
were in persons older than 65 years.?®2>37 This suscep-
tibility of the elderly has been postulated to result from
increased cerebral atrophy, which is exemplified by a posi-
tive correlation between the incidence of chronic SDH and
the amount of atrophy of the brain, as demonstrated by
volumetric analysis of CSF* This increased atrophy in
turn enables minor stress or trauma to provoke separation
of the dura-arachnoid interface, as also occurs with sub-
dural hygroma.?” Cat and dog models suggest that after the
dura and arachnoid separate, fibrin (from serum or exu-
dates) can induce proliferation of granulation tissue on the
inner dural surface.! Also, in an atrophied brain, the lack
of tamponade effect from the brain surface on the dura

Subdural hematomas in US veterans

promotes the development and expansion of a hematoma
beneath the dura.>?® Thus, brain atrophy, along with the
increased use of anticoagulant drugs in the elderly, is pos-
tulated to account for the increased incidence of chronic
SDH in this subpopulation.

In our study, 680 (97.85%) chronic SDHs were in men
and 15 (2.15%) in women. The incidence rate among
women was 18.6 cases per 100,000 persons, and the in-
cidence rate among men was 85.5 cases per 100,000 per-
sons. These rates give a male/female ratio of 4.6:1. This
finding is consistent with results from other studies that
show a predominance among men.3#+6:23:32.37.38

A study conducted in Sweden during 1969-1993
showed that alcoholics comprised 14.7% of all patients
with chronic SDH.*® Alcohol causes brain atrophy, which
in turn is an independent risk factor for chronic SDH. 22844
Moreover, it is hypothesized that the increased estrogen
that accompanies alcoholic hepatopathy*® may cause the
blood vessels in the inner dural layer to become more ec-
tatic because of estrogen priming of these vessels and thus
more likely to bleed.”® Another effect of alcoholic hepa-
topathy, and one possibly more contributory to chronic
SDH, is the coagulopathy that accompanies liver dam-
age.>?!® The deficiency of platelets and coagulation fac-
tors is believed to induce a state of hypercoagulability in
persons with chronic alcoholism and alcoholic hepatopa-
thy and thus predispose them to chronic SDH development
after minor trauma.*'>¥ Among chronic SDH patients in
the same study, 18% were taking anticoagulation medi-
cation and an additional 17% consumed aspirin. Among
1000 surgically treated chronic SDH patients in Spain,
13% abused alcohol and 12% were taking anticoagulation
medication.”” Anticoagulation increases the risk for all
intracranial hemorrhage by 7-10 fold (OR 1.64); 30% of
hemorrhages occur in the subdural space.?’ This finding is
consistent with the hypothesis that antiplatelet/anticoagu-
lant use increases the risk for chronic SDH.

Limitations

Limitations of this study include inaccuracies inherent
to the electronic medical record software that reduce the
validity of the findings. VISTA does not keep a record of
problem lists, including the date of first diagnosis, which
was determined by searching for visits that first mentioned
the International Classification of Diseases code for the di-
agnosis. Patients who received a chronic SDH diagnosis at
an outside facility would thus not have been included. Pa-
tients with recurrent chronic SDH and a previous diagnosis
of chronic SDH on paper, predating electronic medical re-
cords, might receive a misdiagnosis of new chronic SDH.
Because VA facilities are not trauma centers, relatively few
acute SDHs were noted. Patients with acute SDH may have
been missed by the study if they received treatment at out-
side hospitals with trauma centers and did not subsequent-
ly seek follow-up care for the SDH within the VA system.

Another limitation of the study is that we are compar-
ing the cases per year to the entire VA population each
year. If patients visited the hospital for any reason during
the year, they were considered to be part of the VA popula-
tion that year. As a result, the population of the VISNO3
system varies from year to year. Patients who were within

J Neurosurg Volume 123 « November 2015 1213

Unauthenticated | Downloaded 03/12/22 11:34 AM UTC



D. Balser et al.

140

per 100,000

120 -

100 -

80 -

60 -

Chronic Subdural Hematomas (cSDH)

40 -

20 -

2000 2002 2003

s Operative cSDH Cases per 100,000 in the VA
e ¢SDH Cases per 100,000 (Japan-Based Formula)

*¢SDH Cases per 100,000 (Finland-Based Formula)

2006 2007 2010 2011 2012

s Non-operative cSDH Cases per 100,000 in the VA
== = = Alcohol-Adjusted cSDH Cases per 100,000 (Japan-Based Formula)

= Alcohol-Adjusted cSDH Cases per 100,000 (Finland-Based Formula)

FIG. 2. Histogram showing the incidence rate for chronic SDH (cSDH) in the VA population as a function of time in years during
the study period, 2000-2012. On the y-axis is the scale for incidence rate, shown as number of cases of chronic SDH per 100,000
persons. The blue bars depict the incidence rate for operative chronic SDH cases, and the purple bars depict the incidence rate for
nonoperative cases of chronic SDH for that year. The continuous maroon line depicts the estimated incidence rate for chronic SDH
in the VA, according to the Japan-based formula when the rate is age weighted to the age distribution of the VA population, and
the interrupted maroon line shows the alcohol-adjusted incidence rate. The continuous orange line depicts the incidence rate ac-
cording to the Finland-based formula when age weighted for the age distribution of the VA population, and the interrupted orange
line shows the alcohol-adjusted incidence rate. Figure is available in color online only.

the catchment area of the hospital but did not take advan-
tage of its services were excluded that year, even if they
were technically part of the VA population. Patients who
visited once were included in the VA population for that
year, even if they immediately left to go to another region.

Conclusions

We calculated the incidence rate for chronic SDH in the
VA population and used these data to extrapolate future
VA and civilian incidence rates by using a mathematical
model based on incidence rates for Finland and Japan.
We predict that by 2030, the incidence of chronic SDH
will reach about 121.4 cases per 100,000 persons in the
VA population and 17.6 cases per 100,000 persons in the
general US population. Thus by 2030, chronic SDH drain-
age may be the most commonly performed neurosurgical
procedure. The length of stay after treatment of chronic
SDH might be longer than that after tumor resection,
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which could result in an increasing number of neurosur-
gical inpatients. Thus, it is imperative that hospitals and
neurosurgeons are well equipped to treat this condition in
an efficient and cost-effective manner.
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