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Abstract
Introduction: The timing of treatment remains unresolved 
for patients with unruptured intracranial aneurysms (UIAs) 
and headaches, particularly when the pain is short term, lo-
calized, and related to the aneurysm site. We lack evidence 
to support the notion that when a headache accompanies 
an aneurysm, it elevates the risk of rupture. Results: We de-
scribe 2 cases of fatal subarachnoid hemorrhage in patients 
with a history of headache and known aneurysms. Both of 
these patients had good indications for treatment: a young 
age and an aneurysm >7 mm, and both were qualified for 
elective surgery. However, both patients died of fatal aneu-
rysm ruptures before the planned surgery. Conclusion: 
These cases suggested that treatment should be started as 
soon as possible, when a UIA is diagnosed based on a short-
term period of severe headaches or when a UIA is observed 
and then severe headaches appear. There is no straightfor-
ward guideline for treatment timing in these patients. How-
ever, in this era of UIAs, the significance of sentinel head-
aches should be reevaluated. Given the incidence of head-

aches in the general population and the very low risk of 
aneurysm rupture, there may be a tendency to neglect the 
role of headache as a possible warning sign.

© 2021 The Author(s)
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Introduction

The timing of treatment remains unresolved for pa-
tients with unruptured intracranial aneurysms (UIAs) 
and headaches, particularly when the pain is short term, 
localized, and related to the aneurysm site. Therefore, the 
question remains should the UIA be treated on a nonelec-
tive schedule? Currently, we lack evidence to support the 
notion that when a headache accompanies a UIA, it ele-
vates the risk of aneurysm rupture [1–4]. Consequently, 
the question remains whether a headache should be con-
sidered a warning sign for UIA, and thus, whether it 
should be assessed as a predictor of UIA rupture. It would 
be valuable to know when and which aneurysms will rup-
ture. Currently, due to the widespread belief that UIAs 
“do not cause pain,” it is possible that the impact of head-
aches has been underestimated. Here, we present 2 cases 
of fatal subarachnoid hemorrhage (SAH) in patients with 
a history of headache and known aneurysms.
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Results

Case 1
A 43-year-old woman with a known 9-mm aneurysm 

of the right middle cerebral artery (MCA) (Fig. 1a) was 
found unresponsive after a sudden increase in headache 
pain. At admission, she was comatose, with a score of 4 
on the Glasgow Coma Scale (GCS) and grade 5 on the 
World Federation of Neurosurgical Societies (WFNS) 
grading scale (i.e., pupils equal, dilated, and unresponsive 
to light). At that stage, she was intubated but did not dis-
play respiratory distress. Computed tomography (CT) re-
vealed a large fronto-temporo-insular intracerebral he-
matoma (ICH) on the right side, which displayed a sub-
stantial mass effect (Fig.  1b). She underwent an 
emergency craniectomy and a partial removal of the he-
matoma to decrease the intracranial pressure. No im-
provement was observed after the surgery, and the patient 
was not qualified for subsequent aneurysm obliteration. 
The patient died 2 days later.

Before admission, the patient reported a 4-week his-
tory of headaches in the right temporal area, sometimes 
with nausea. This was the indication for performing CT, 
magnetic resonance imaging, and computed tomography 
angiography. There were no signs of intracranial hemor-
rhage in the initial neuroimaging studies, and there was 
no loss of consciousness or meningeal symptoms during 
this period. After the UIA diagnosis, active treatment was 
offered, because she was young and a smoker, the aneu-
rysm was multi-lobulated, and its diameter exceeded 7 
mm. She was qualified for semi-elective surgery at the 
soonest available date (2 weeks after the UIA diagnosis) 
at our department. She had also been informed about the 

possibility of treatment in other neurosurgical depart-
ments. Seven days before the planned surgery, the aneu-
rysm ruptured.

Case 2
A 26-year-old woman was admitted to our department 

after an SAH. She had a large ICH (56 × 48 mm) in the 
left temporal lobe that reached deep brain structures 
(Fig.  1d). At admission, she was deeply unconscious  
(GCS = 3; WFNS = grade 5), with respiratory failure that 
required mechanical ventilation. Due to the large mass 
effect, she underwent surgery immediately after admis-
sion. The ICH was removed, and the left middle cerebral 
artery aneurysm was clipped. There was no improvement 
after surgery, and she died during the second day in the 
hospital.

The aneurysm was diagnosed with computed tomog-
raphy angiography (Fig. 1c) 2 months before the rupture. 
The patient was qualified for elective surgery at another 
center. The appointed date of surgery was 2.5 months af-
ter the UIA diagnosis. The indication for the neuroimag-
ing studies was intermittent headaches that occurred over 
the past 1.5 years. The headaches were moderate, rarely 
severe, and localized on the left side of the head. There 
was no history of a previous SAH.

Discussion

Several decades ago, warning signs of aneurysm rup-
ture were widely investigated in patients who had expe-
rienced an SAH. Those studies were motivated by the 
conviction that treating an aneurysm before rupture 

a b c d

Fig. 1. Brain CT images of 2 patients with UIAs. Case 1: CTA image shows an aneurysm of the right MCA (black 
arrow) (a); case 1: CT image shows a fronto-temporo-insular intracerebral hematoma (b); case 2: CTA image 
shows an aneurysm of the left MCA (c); case 2: CT image shows a hematoma in the left temporal lobe, which 
reaches deep brain structures (d). CT, computed tomography; UIAs, unruptured intracranial aneurysms; CTA, 
computed tomography angiography; MCA, middle cerebral artery. D
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would lead to a more favorable outcome [5]. Prodromal 
events were observed in 48% of patients in a series de-
scribed by Okawara [5] and in 20% of patients in a coop-
erative study by Bassi et al. [6]. These warning signs ap-
peared, on average, 2–3 weeks before a major hemor-
rhage [5].

There are 3 proposed mechanisms that can give rise 
to warning signs: a sentinel leak, a mass effect due to 
aneurysm expansion, and ischemic events. The most 
frequent symptom is headache, which may be general 
(25%) or localized (18%). General headaches are as-
sumed to be caused by a minor aneurysmal hemorrhage 
[7, 8]. A warning leak prior to the SAH was observed in 
36% of patients in the prospective series by Sørensen et 
al. [9]. However, the concept of warning leaks was ques-
tioned in subsequent prospective studies [10]. Never-
theless, a number of patients have had sentinel head-
aches, which in retrospect, comprised a clear warning 
sign. An abrupt, severe, or thunderclap headache might 
also be a warning sign. Regrettably, these headaches are 
frequently nonspecific, poorly characterized, and mis-
taken for migraine. Lebedeva et al. [11] found that 62% 
of patients complained of headaches during the year 
prior to aneurysm rupture, compared to 33% in a group 
of healthy volunteers. The most frequent (39%) type of 
headache was migraine without an aura [11]. Gambhir 
et al. [12] retrospectively found that sentinel headaches 
occurred days to months before major bleeding in 38% 
of patients who experienced a fatal SAH. Additionally, 
Gilard et al. [13] suggested that in addition to a thun-
derclap headache or a new headache, a modification in 
a common headache could be a sign of aneurysmal in-
stability. Those studies indicated that for some patients 
with headaches, the origin of the headache was recog-
nized too late. It is commonly mentioned in the scien-
tific neurosurgical literature that a warning sign pre-
cedes aneurysmal rupture, but none has offered any re-
al-life recommendations or evidence [14]. In future, 
aneurysm-targeted specific magnetic resonance imag-
ing sequences might assist in diagnosing sentinel head-
aches [14–18].

Currently, the majority of UIAs are diagnosed based 
on unrelated signs in noninvasive studies. Nevertheless, a 
common indication for neuroimaging is headache, which 
can potentially be a warning sign [1]. UIAs can be treated 
surgically or endovascularly; however, based on current 
knowledge, observation is probably the best treatment 
choice for many patients, particularly for those with an-
eurysms <7 mm. A previous autopsy series indicated that 
the majority of aneurysms never bleed throughout the 

lifespan of the patient [19]. Furthermore, the risk associ-
ated with the burden of global treatment was comparable 
to the risk associated with the natural history of UIAs. 
Consequently, detailed studies have aimed to identify 
subgroups of aneurysms that were more prone to rupture 
and thus could justify a proposed treatment. The first al-
gorithms designed to facilitate decision-making on UIAs 
depended on various clinical and radiological factors. De-
spite the fact that cranial nerve palsy with sudden onset is 
considered a warning sign that indicates the need for ear-
ly aneurysm treatment, currently, the sentinel headache 
is not included among the warning factors [1, 3, 20]. In 
the present case study, we aimed to add to the pool of data 
that might, in future, contribute to updating recommen-
dations. Additionally, we set out to highlight diagnostic 
importance of warning signs, as initial misdiagnosis of 
SAH worsens prognosis [21, 22].

Both of our patients had favorable indications for 
treatment: they were both young and the aneurysms 
were >7 mm. Both were qualified for elective surgery 
and were scheduled for hospitalization. There was no 
need for urgent surgery due to the lack of SAH. How-
ever, our findings suggested that when a UIA is diag-
nosed based on a short period of severe headaches or 
when a UIA is observed and then severe headaches ap-
pear, treatment should be started as soon as possible. 
Moreover, it has been reported that once the aneurysm 
has ruptured, a history of sentinel headache does not 
have prognostic significance, in terms of clinical course 
or functional outcome [23]. Thus, patients with known 
UIAs who refuse treatment should be informed about 
the significance of the warning signs. Theoretically, 
when the headache reported by the patient is consid-
ered a warning sign, according to the calculations men-
tioned above, treatment should be performed within 1 
week of the onset of pain. Although there is no straight-
forward guideline for the timing of treatment, in this 
era of UIAs, the significance of sentinel headache should 
be reevaluated.

Conclusion

Given the incidence of headaches in the general popu-
lation and the very low risk of aneurysm ruptures, there 
may be a tendency to neglect the role of headache as a 
potential warning sign in UIAs. Due to the frequency of 
UIAs observed currently, the significance of a headache 
as a warning sign should be investigated and discussed 
again.
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