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Background. The initial diagnosis of intracranial tumor, 
subarachnoid hemorrhage (SAH), and subdural he
matoma (SDH) can be difficult. This study was under
taken to determine the incidence and presenting signs 
and symptoms of these disorders in primary care settings, 
and to determine whether a more aggressive investigative 
strategy for patients with headache is justifiable.

Methods. Weekly return cards and a chart audit were used 
to collect data over a 1 9 -month period on every patient 
who had a new diagnosis of intracranial tumor, SAH, or 
SDH. Age and sex reports were collected annually.

Results. Twenty-five new tumors, 17 SAHs, and 8 
SDHs were reported in 58 practices (a rate of 
12/100,000 patients per year). Only one half of these 
patients had headaches, and no abnormalities were 
found on neurological examination of many. Diagnosis

was delayed in only four patients with headache caused 
by a brain tumor and in three patients with SAHs. Di
agnosis was delayed in two of the latter because of 
false-negative CT scans.

Conclusions. Although clinical findings and CT scans 
are not reliable indicators, clinicians are able to detect 
the majority of these rare conditions without undue 
delay by selecting a small subset of patients for further 
investigation. More extensive use of CT scans appears 
to be a weak strategy' to improve detection of these se
rious disorders, as increased use would lead to in
creased health care costs and unintended adverse ef
fects, and provide little benefit.
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Early detection of intracranial tumor, subarachnoid hem
orrhage (SAH), or subdural hematoma (SDH) can be a 
difficult task in primary care. Prompt recognition is par
ticularly important for patients with SAH who may have 
a headache but no other clinical findings at the time of
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the initial examination.1'2 Early recognition and imme
diate treatment are associated with better outcomes, but 
unfortunately, these “warning leaks” are often not iden
tified as SAHs. Patients with intracranial neoplasms or 
subdural hematomas may also present with headaches 
that appear to be benign, or with other subtle signs or 
symptoms, and thus go undetected in their early stages. 
While headache is considered a relatively common symp
tom in patients with these disorders,3 few studies have 
addressed the incidence or presenting signs and symp
toms of intracerebral tumors, SAHs, or SDHs in primary 
care practices. There is a similar paucity of information 
concerning the effectiveness of primary care physicians in 
prompt diagnosis of those patients with a headache 
caused by a tumor or intracranial bleed.

Several authors4" 6 have suggested that computed
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tomography (CT) scanning of patients with headache 
represents a cost-effective approach to the diagnosis of 
intracranial tumors or of SAH. These studies, however, 
were performed in tertiary care settings, with patients 
who had passed through a series of referral filters, making 
it difficult to generalize the findings to primary care 
settings.7 In a previous study,8 we found that primary 
care physicians use CT selectively, ordering scans only for 
approximately 3% of patients with headache. We were 
unable in that study to determine whether this strategy 
led to significant or harmful delays in diagnosis.

The present study was initiated to determine the 
incidence in primary care practices of serious intracranial 
disease such as neoplasms, SAH, or SDH; to study the 
signs and symptoms with which these patients present to 
primary care physicians; and to estimate the extent to 
which a more aggressive investigative strategy for pa
tients with headaches would have led to earlier diagnosis.

Methods
Participating clinicians in the Ambulatory Sentinel Prac
tice Network (ASPN) collected data about each patient 
in their practice who was newly diagnosed as having an 
intracranial bleed or an intracranial mass lesion (includ
ing those patients for whom the ASPN clinician was not 
personally involved in the episode of care that led to the 
diagnosis). Intracranial bleed included subdural he
matoma, subarachnoid hemorrhage, and other intracra
nial hemorrhage. Mass lesions included benign, primary, 
and secondary malignant intracranial tumors, localized 
intracranial infections such as brain abscess, and other 
intracranial mass lesions.

Initial data collection was carried out with pocket- 
sized weekly return cards on which participating physi
cians noted their specific diagnosis, and indicated 
whether the patient had ever consulted a physician about 
headache. Completed return cards were mailed to ASPN 
weekly. Subsequently, physicians sent documentation 
(such as a consultant report, hospital discharge summary, 
or pathology report) to ASPN for each patient they 
reported as having a newly diagnosed intracranial prob
lem. To preserve confidentiality, patients’ names and 
other identifying data were deleted from these reports 
and replaced with the patient’s ASPN identification num
ber and date of birth. Data collection began on March 
17, 1986, and continued until October 4 , 1987. During 
the same period, the same group of ASPN clinicians 
participated in a study of all patients in their practices for 
whom a CT scan was ordered as part of the investigation 
o f a patient’s headache.9

A chart audit for each patient with a newly diag

nosed intracranial problem was performed at the end of 
the recording period by one of the clinicians at the 
practice site that reported the problem. The audit form 
developed for the study repeated the question of whether 
the patient had visited any physician because of head
ache, and if so, requested specific details concerning the 
headache evaluation. Information was obtained concern
ing the severity and symptom characteristics of the head
ache, presence or absence of papilledema, abnormalities 
on neurological examination, and presence or absence of 
other symptoms that could indicate the presence of in
tracranial problems (such as seizures, loss of conscious
ness, changes in strength, sensation, or neurological 
function, changes in headache pattern or severity, or 
headaches that awakened the patient from sleep). Also 
included were the date of the first CT scan, and whether 
this CT scan was ordered by a physician in the ASPN 
practice reporting the tumor or bleed, or by some other 
physician.

At the end of every calendar year, each ASPN prac
tice provides a report about the sex and year of birth of 
each patient who has made one or more visits to the 
practice in the preceding 2 years (“active patient”).10 
Data from these individual age and sex reports were 
aggregated to provide a denominator of patients at risk 
for estimation of incidence and prevalence rates within 
the participating ASPN practices.

Results
Sixty-two ASPN practices provided data using the 
weekly return cards. We were unable to use data from 
four of these practices because they dropped out of the 
ASPN network before the audit portion of the study was 
completed. Only the data from the 58 practices that 
participated in the entire study are included in this re
port.

During the reporting period, these practices con
ducted a total of 7 1 2 ,750  patient visits. They provided 
care for 2 6 0 ,709  active patients, thus this 19-month 
study represents 4 1 2 ,7 8 9  patient years of observation 
The estimated age and sex distribution of patients in 
these practices and those in US and Canadian popula
tions are compared in the Figure.

Although ASPN physicians reported on intracranial 
mass lesions and hemorrhages of all types, the focus of 
this report is on intracranial neoplasms, SAHs, and 
SDHs. A total of 25 new intracranial tumors, 17 new 
cases of SAHs, and 8 newly diagnosed SDHs were re
ported during the 1 9 -month recording period (Table 1). 
representing annual practice incidence rates of 6.1, 4.1. 
and 1.9 per 100,000 ASPN active patients, respectively.
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Age Group (y)
Comparison of the distribution by age and sex of the Ambulatory Sentinel Practice Network patient population (N = 260 ,709) with 
that of the US and Canadian populations.

Only 26 of the 50 patients with an SAH, SDH, or tumor 
in this study reported a headache. Almost half of the 
patients with a tumor had no headache, a finding that has 
been noted by others.11 Headache was even less common 
in patients with an SDH, but was present in all of the 
patients with an SAH who were able to provide a history. 
However, six patients with an SAH presented with se
vere neurological dysfunction manifested by coma or 
collapse, which made it impossible for them to report a 
headache.

Many of the patients with headache had no abnor
malities noted on neurological or hindoscopic examina-

Table 1. Occurrence o f Headache in ASPN Patients with 
Newly Diagnosed Tumors and Intracranial Bleeds

With Without
Diagnosis Headache Headache Total

Benign neoplasm 5 3 8
Primary malignancy 6 6 12
Secondary malignancy 1 4 5

Subarachnoid
hemorrhage

11 6* 17

Subdural hematoma 3 5 8

Totals 26 24 50

These 6 patients had altered consciousness and were unable to report their symptoms. 
ASPN denotes Ambulatory Sentinel Practice Network.

tion. This was the case for 9 (75% ) of the patients with 
headache and intracranial neoplasms, 5 (45% ) of those 
with an SAH, and 2 of the 3 patients with an SDH. 
Among these patients, the history was sometimes sug
gestive. An additional 3 patients with tumors and 3 with 
SAHs had symptoms such as new seizures, or changes in 
function suggesting a neurological problem prior to their 
diagnosis (Table 2). Three patients (one with a primary 
malignancy and two with benign tumors) had a change 
in headache pattern as their only ominous symptom.

We defined the diagnosis as “delayed” if the interval 
between the first presentation with a headache and the 
performance of the first CT scan was greater than 2 weeks 
in the case of brain tumors or 2 days in the case of SAHs 
or SDHs. Recognition within these intervals appears to 
be associated with better outcomes.12-13 Four patients 
with brain tumors visited their primary physician with a 
headache 1 month or more before a diagnostic CT scan 
was performed. One patient with SDH had a CT scan 
performed 3 days after the initial visit for a headache. 
Only one patient with an SAH had a delay of longer than 
2 days between the first visit and the performance of a CT 
scan. False-negative CT scans, however, led to a delayed 
diagnosis of SAHs for two additional patients. In one 
case, the patient had suffered repeated SAHs caused by a 
meningeal arteriovenous malformation that was not de
tected by CT or MRI. The diagnosis was finally made at
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Table 2. Neurological Signs and Symptoms of 2 6  ASPN Patients with Headache in Whom  
a Tumor, Subarachnoid Hemorrhage, or Subdural Hematoma Was Diagnosed

Sign or Symptom

Benign 
Neoplasm 

(n =  5)

Primary
Malignancy

(n =  6)

Secondary
Malignancy

(n =  1)

Subarachnoid 
Hemorrhage 

(n = 11)

Subdural
Hematoma

(n =  3)

Papilledema 1 2 — — 1

Abnormal neurological 
examination

1 1 1 6 1

Loss o f  consciousness — — — 5 1

Function change — 3 1 5 1

Seizures — — — 1 —

One or more signs or 1 4 1 8 2
symptoms

ASPN denotes Ambulatory Sentinel Practice Network.

the time of autopsy. In the other, the CT report indicated 
only dilated ventricles; the possibility of an intracranial 
bleed was not mentioned.

Only 5 of the 25 tumors, 4  of the 17 SAHs, and 3 
of the 8 SDHs were reported in the concurrent ASPN 
study investigating the use of CT for investigation of 
patients with headache.9 In most cases, this was because 
the patient had not consulted the physician about a 
headache before the diagnosis (24 cases) or had a CT 
scan ordered by a non-ASPN physician (7  cases). How
ever, there were a few cases of underreporting of CT use 
in the study. We found 7 cases in which, although a 
tumor (4 cases) or SAH (3 cases) was reported in the 
current study and had been discovered by CT in a patient 
with a headache, the scan had not been reported in the 
ASPN study of the use of CT scans for headache patients.

Discussion
Subarachnoid hemorrhages and intracranial neoplasms 
are relatively rare diagnoses in primary care. Our estimate 
of 4.1 new cases of SAHs per 100,000 ASPN patients 
per year is consistent with the low range of estimates 
from other studies.14 Some studies have reported higher 
rates. It has been estimated, however, that only about 
one half of patients with SAHs ever reach medical atten
tion,15 and the physicians in this study could not be 
expected to report these “missed” SAHs. Similar varia
tion is seen in incidence estimates for brain tumors. 
ASPN’s calculated rate (6 .1 /100 ,000) is very close to the 
S E E R 16 estimate of 5 .6 .*  Other studies have higher

*SE E R  is the Surveillance Epidemiology and End Results program o f the 
National Cancer Institute.

rates, however. For example, the careful study by Brewis 
and colleagues17 of all neurological disease in an English 
city in the 1960s uncovered 12.1 central nervous system 
neoplasms per 100 ,000  population. The major difference 
however, occurs in secondary tumors, many of which are 
never confirmed except at autopsy. The declining autopsv 
rate in recent years may be the cause of the lower current 
rates documented by both ASPN and SEER. Walker et 
al18 estimate an annual US incidence rate of 7.7 con
firmed intracranial neoplasms per 100,000, a figure 
slightly higher than our estimate.

Our findings suggest that headaches in patients seen 
by primary care physicians are rarely caused by brain 
tumors, SAHs, or SDHs. A previous ASPN study19 
found that there are approximately 4  visits by patients 
presenting with a new headache per 1000 total visits to 
the ASPN practices. If this proportion has not changed, 
ASPN clinicians evaluated approximately 2850 patients 
with new headaches during the period of data collection 
for the current study. Only 13 (0.46% ) of these patients 
had a headache caused by a brain tumor, while another 
11 (0.39% ) had a headache caused by an SAH, and 3 
(0.11% ) had a headache caused by an SDH. Over one 
half of these patients had neurological signs or symptoms 
in addition to their headache. Thus, the rate of serious 
intracranial disease in patients with a new headache and 
no neurological findings was 10 per 2850, or 0.35% 
These low rates are compatible with results from other 
studies. Diehr et al20 found no serious intracranial disease 
in 726 patients with new headaches who went to a 
walk-in patient care center, and concluded that the prev
alence of such conditions in this population must be less 
than 0.5% . Data from US national data sets also indicate 
that physicians providing ambulatory care see many pa-
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dents with headaches,21 but few new cases of intracranial 
neoplasm18 or SAH.4

In spite of this low expected yield, some authors 
have suggested that CT scans should be a part of the 
investigation for every patient presenting with a new 
headache.22 Others have recommended a more selective 
approach, with the decision of whether to order a CT 
scan or an M Ri scan based on the patient’s symptoms 
and signs.23 Clinicians in this study clearly used the latter, 
more selective approach. During the period of this study, 
ASPN physicians ordered 339 CT scans for patients with 
headache,9 while evaluating an estimated 2850 patients 
seen with a new headache. This selective clinical ap
proach successfully identified most of the patients with 
headaches caused by serious intracranial disease.

Three studies have investigated the cost-effectiveness 
of CT scans when ordered for patients who have head
aches but no neurological abnormalities. All three appear 
to be based on the assumption that clinicians will select a 
subset of headache patients for investigation, since all 
used expected rates of abnormal CT findings that were 
much larger than those found among the patients with 
headache in this study. Carrera et al6 estimated that the 
cost per significant abnormality detected would be at 
least $4363 with selective use of CT for patients with 
normal neurological examinations, assuming that 5.5%  
of CT scans for such patients would be abnormal. In a 
similar study, Baker5 calculated an expected cost of 
S8076 per intracranial tumor detected if 2.6% of the 
patients investigated had an intracranial tumor. Neither 
Carrera et al nor Baker provided any analysis of the 
anticipated benefits of a more prompt diagnosis.

Knaus et al4 performed an analysis of the potential 
costs and beneficial effects of CT scans for the early 
detection of SAH. Their model predicted a cost of 
$24,713 per year o f life saved if 0.78%  of CT scans 
performed for patients with headache and no neurolog
ical abnormalities revealed an SAH. They further suggest 
that this cost could be decreased to $1999 per year of life 
saved if physicians were able to select a subset of head
ache patients in which 7.8%  of CT scans would show an 
SAH. None of these three studies attempted to include 
the costs involved in pursuing false-positive findings or 
the costs associated with providing treatment for the 
abnormalities detected.

In models such as these, the cost per abnormality' 
detected or the cost per year of life saved varies widely 
depending on the yield of abnormal CT scans in the 
subset of patients selected. The ratio of abnormalities to 
total CT scans for patients with normal neurological 
examinations in this study were quite close to those 
anticipated in the cost-effectiveness studies cited above.

The ASPN physicians in this studv ordered 339 CT 
scans, and discovered 9 intracranial neoplasms (2.7%  of 
CT scans performed), 5 SAHs (1.5% ), and 2 SDHs 
(0.6% ) in patients with a headache but normal findings 
on neurological examination. A strategy that called for 
investigation of every new headache mav have reduced 
the delay in diagnosis for five patients. However, we 
estimate that an additional 2500 CT scans would have 
been performed had this strategy been employed. These 
additional CT scans would have had a verv low diagnos
tic yield (approximately 0.2% ), leading to much higher 
marginal costs per case detected and per year of life saved.

Proponents of more liberal use of CT for patients 
with headache have suggested that diagnostic delay is a 
huge and frequent problem.24 Delay in the diagnosis of 
SAH has been seen as particularly troublesome.1-2 Ap
proximately 10% to 30% of patients eventually diag
nosed as having an SAH have consulted a physician 
earlier for symptoms that, in retrospect, were believed to 
have been caused by a “warning leak.”25-28 In our study, 
3 of the 17 patients with an SAH (18%) had made such 
a visit. However, the delay in diagnosis in 2 of the 3 was 
the result of a false-negative CT scan. The problem of 
false-negative CT scans in patients with small SAHs has 
been noted by others. Duffy29 found that CT sensitivity 
was only 70% for grade 1 SAH. MRI has an even lower 
sensitivity' for the detection of intracranial bleeds.30-31 If 
an SAH is suspected, it is important to perform a lumbar 
puncture and continue to entertain the diagnosis even if 
the CT or MRI is negative. Among ASPN patients, delay 
in diagnosis of brain tumors was a more frequent, al
though potentially less serious problem. Four patients 
had an interval of more than 1 month between their 
initial headache visit and the performance of a CT scan.

While the clinicians in this study identified a group 
of patients with headaches who were at high risk for 
tumor or SAH, our data do not clearly indicate what 
clinical indicators they used in this determination. The 
neurological examination alone appeared not to be a 
sufficient indicator of risk. Insistence on the presence of 
neurological signs or symptoms before ordering a CT 
scan would have missed a significant fraction of the 
benign tumors and SAHs detected in this study, and may 
have played a role in the diagnostic delays that occurred. 
Thus, we cannot agree with the conclusion of Larson et 
al32 that CT is unnecessary for patients with headaches 
whose neurological examinations are normal.

Overreliancc on the symptom of headache as an 
indicator of serious intracranial disease could also lead to 
underdiagnosis. Over one half of the patients in this 
study with a tumor or SDH had no headache. Thus,
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physicians must keep these diagnoses in mind even for 
patients who do not complain of headache.

This study has several limitations. The most serious 
is the possibility that the event rates we have calculated 
are in error because of inaccuracies in either the numer
ator or the denominator used. Numerators could be in 
error if there was inaccurate reporting by participating 
physicians of the events of interest. To detect overreport
ing, all of the events reported on the weekly return cards 
were verified by chart audit. In addition, we reviewed 
consultant notes, CT and M RI reports, and hospital 
discharge summaries provided to ASPN by the partici
pating practices. We used several methods to attempt to 
avoid underreporting. Participating physicians used the 
weekly return card for several studies simultaneously, 
thus they were continuously reminded of the need to 
record cases of intracranial mass or bleed for the study. 
Physicians participating in the study were also asked to 
record all cases occurring in patients in their practice even 
if the diagnosis was made by a consultant, an emergency 
room physician, or some other individual. The events of 
interest in this study are traumatic and cause great hard
ship for patients and their families. The majority of 
ASPN physicians practice in rural or suburban settings 
and care for entire families. It is possible, but unlikely, 
that they would remain unaware o f a missed diagnosis of 
an intracranial mass or bleed in a patient in their practice.

The use of “active patients” as the denominator may 
mean that the incidence rates calculated in the study are 
not strictly comparable with rates calculated using more 
traditional population denominators.

Conclusions
Brain tumors and intracranial bleeds are rare causes of 
headache, but their occasional occurrence and devastat
ing consequences make it impossible to dismiss them 
from consideration. This study, based in primary care 
practices, did not identify a large number of patients for 
whom a clinically significant delay in diagnosis occurred. 
Instead, it revealed a highly selective clinical approach 
that correctly identified over 70% of the patients with 
headaches due to SAH, tumor, or SDH. More extensive 
use of CT scans in the evaluation of primary care patients 
appears to be a weak strategy to improve the detection of 
these serious disorders. The margin for improvement 
appears small, with potential benefit for approximately 1 
patient per 100,000 per year. It is likely, however, that an 
increased use of CT scans for this purpose would increase 
health care costs, cause unintended adverse effects, and 
provide little benefit.
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