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Abstract
Introduction: The predictive accuracy of clinical and paraclinical findings for
headache occurrence in patients having nontraumatic intracerebral hemorrhage (ICH) was tested.
Material and methods: The medical records of 341 consecutive nontraumatic ICH patients (106 females and 235 males), average age 56.2 ±7.7 years,
presenting with headache (25.5%) and without a headache (74.5%), over
a period of 5 years, were retrospectively analyzed.
Results: The presence of focal neurological symptoms (OR = 0.129, 95% CI:
0.044–0.372, p = 0.000), loss of consciousness (OR = 0.174, 95% CI: 0.060–
0.504, p = 0.001), body temperature (OR = 0.586, 95% CI: 0.389–0.882,
p = 0.010), and the values of C-reactive protein (OR = 0.989, 95% CI: 0.978–
0.999, p = 0.048) at admission, as well as the presence of hematoma in the basal ganglia (OR = 0.308, 95% CI: 0.159–0.596, p = 0.000) and the presence of arterial hypertension in the medical history (OR = 0.478, 95% CI: 0.230–0.991,
p = 0.047), are recognized as negative predictors for headache occurrence
in ICH. The regular use of antihypertensive therapy is a prominent positive
predictor for headache occurrence in ICH (OR = 1.906, 95% CI: 1.075–3.381,
p = 0.027). Patients presenting with headache had a favorable clinical outcome
compared to those without headache in ICH presentation (p < 0.001).
Conclusions: The present results might be clinically useful for considering
further diagnostic and therapeutic procedures as early as possible in patients with symptoms clinically suggestive of ICH, with and without headache in ICH clinical presentation. These data require confirmation in a prospective large-scale study.
Key words: headache, nontraumatic intracerebral hemorrhage.

Introduction
Intracerebral hemorrhage (ICH) is the most severe and least treatable
form of stroke, comprising 10% to 20% of all strokes worldwide. It is recognized as an emergency medical condition and the most lethal form
of stroke, with mortality rates of 30–40% during the initial hospitalization.
Less than half of patients with ICH survive 1 year and less than a third survive 5 years. Many survivors have a significant rate of ICH recurrence and
significant worsening of functional ability [1, 2].
The risk factors and pathophysiology of ICH have been considerably
studied and are relatively well known. Current knowledge suggests that
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primary prevention remains the most valuable
means of reducing the chances of ICH occurrence
and preventing the burden of its personal and
social consequences [1]. When ICH does occur,
rapid diagnosis and attentive treatment are vital,
because early clinical deterioration is common in
the first few hours after ICH onset, and this directly decreases the chances of a good outcome [3, 4].
This clearly suggests that quick ICH diagnosis and
medical care have a potent and direct impact on
ICH morbidity and mortality.
Intracerebral hemorrhage can present as a heterogeneous disorder, with manifestations that
range from no symptoms or mild symptoms to
rapid worsening and death. Headaches are commonly reported in hemorrhagic stroke (more often
than in ischemic stroke) but the frequency of headaches and other clinical and paraclinical features
vary from study to study [5, 6]. Although the International Classification of Headache Disorders
(3rd edition; ICHD-3) defines an acute headache
attributed to nontraumatic ICH in Section 6.7.2 [7],
the knowledge about headache predictors, incidence, and presenting and prominent features in
the context of the whole clinical setting of ICH is
far from sufficient. The recognition of predictive
factors for headache occurrence in ICH might be
a useful diagnostic tool for considering further diagnostic procedures as early as possible in patients
with symptoms suggestive of ICH, both those presenting with headache and those in whom a headache is not expected. That recognition could lead
to the diagnosis of ICH at the earliest, preclinical
stage, when adequate pathogenetic therapy could
lead to a better clinical course and ICH outcome.
In this study, we evaluated baseline clinical and
paraclinical findings of patients with nontraumatic ICH in order to determine which factors are predictive for headache occurrence in ICH onset, and
evaluated the clinical phenotype of this headache.

Material and methods
Study design and data collection
The study was performed as a retrospective
clinical study approved by the institutional review
board of the Faculty of Medicine at the University
of Nis (number 01-5518-12 from 10.07.2012). All
procedures performed in studies involving human
participants were in accordance with the ethical
standards of the institutional and/or national
research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards. Informed consent was not
required for this study.
A retrospective review of the medical records
of consecutive patients at the Clinic for Neurology
Clinical Centre of Nis who had experienced a non-
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traumatic ICH was undertaken. Patients were identified and data were abstracted from our database
for the period from January 2013 to June 2017.
Clinical data obtained at the time of admission to
the hospital were collected. Demographics, medical
history, clinical, radiological, and biochemical variables, and other relevant findings were analyzed in
reference to headache presence. Patients with nontraumatic ICH with insufficient or inconclusive data
(n = 21) were excluded from the study.

Study patients
The data of 341 patients hospitalized at the Clinic
for Neurology Clinical Centre of Nis with a firstever nontraumatic ICH between January 2013
and June 2017 were used in this study. Patients
were recruited from consecutive patients with
acute ICH confirmed by multi-slice computed
tomography (MSCT). The inclusion criteria were:
age from 18 years to 65 years, no head trauma,
admitted to hospital within 24 h after symptom
onset, and with nontraumatic ICH as the main
final diagnosis at hospital discharge. The time
of symptom onset was defined as the witnessed
moment of symptom onset or the last known
well time. Patients with ICH resulting from trauma, conversion of an ischemic infarct, carotid or
vertebrobasilar dissection, intracranial venous
thrombosis, history of acute or chronic infection,
malignant diseases, or immunosuppressive treatment were excluded.

Clinical evaluation
Upon admission to the clinic, all patients underwent routine clinical and neurological examinations as well as biochemical and radiological
evaluations. All analyses were performed in close
temporal relation to the time of symptom onset.
The presumed etiology of each ICH was determined based on a combination of clinical and
radiological data: ICH assigned to arterial hypertension and other non-hypertensive causes (arteriovenous malformation, receiving oral anticoagulant therapy [OAT]).
The main clinical presentation of ICH is esti
mated based on the presence of signs such as
focal neurological symptoms (cranial nerve impairments, pyramid lesions, etc), loss of consciousness,
and headache, etc. The neurological presentation
was assessed using the Glasgow Coma Scale (GCS)
and National Institutes of Health Stroke Scale (NIHSS). Modified Rankin Scale (mRS) scores at discharge, as well as the duration of hospitalization,
were also analyzed.
Headache was considered as the secondary to
ICH if the headache appeared in close temporal
relation to the other ICH clinical symptoms and
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Statistical analysis
Categorical data were analyzed using the χ2 test.
All continuous data were analyzed using the MannWhitney test. Univariate and multiple logistic regression was used to assess the association of clin-

Within the observed period 341 patients had
the final main diagnosis of nontraumatic ICH and
completely fulfilled inclusion criteria to form the
cohort for data analysis. Their average age was
56.2 ±7.7 years, 235 (68.9%) were males and 106
(31.1%) were females.
In 87 (25.5%) of them, there was a headache
in ICH presentation on admission, while the other
254 (74.5%) did not have a headache. In most ICH
patients with headache it was noted that a headache had developed in close temporal relation to
other symptoms of ICH or had led to the diagnosis
of ICH; headache reached the maximum intensity
of pain within an hour of the onset (68%); the pain
was referred as stabbing (62%) or dull (38%);
arising during a rest (48%) or while performing
light physical activity (52%); headache was described as previously experienced headache (48%)
or as never before experienced headache (52%);
followed by nausea and vomiting (64%) and without phono/photophobia (75%); mostly localized in
accordance with the site of the hemorrhage (70%)
and without previous history of headaches (51%)
(Figure 1). Detailed demographic, clinical and paraclinical baseline features of ICH patients in reference to headache occurrence are summarized
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Brain MSCT (Aquilion 64 Toshiba) scans were
performed upon admission to the hospital. The radiologists who analyzed the images were blinded
to other patient data. Intracerebral hematoma was
defined as lobar (ICH L) predominantly located in
the cortical/subcortical white matter, in the basal
ganglia (ICH BG), in the brainstem (ICH brainstem),
or with the presence of intraventricular hemorrhage
(IVH). If more locations or expansions of the hematoma were identified, those radiological diagnoses
were all noted as combination. The presence of hematoma mass effect was also a determining factor.
The results of cerebral angiography were described
in relation to the presence or absence of arteriovenous malformation or aneurysms. Patients with
SAH were not included in this study.

Results

Pch
y

Radiological evaluation

ical and biochemical markers with the study outcome. Receiver operating characteristic (ROC) curve
analysis was used to test the discriminative ability of combined risk factors. The predictive power
of different risk factor combinations was compared
using the DeLong test. A p-value <0.05 was considered significant. Statistical analyses mostly were
performed using SPSS 16.0. ROC curves were compared using MedCalc version 18.
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signs or if headache led to the diagnosis of ICH [7].
In all ICH patients presenting with headache, data
such as prior headache history, time from onset to
peak of pain intensity, accompanying symptoms,
pain location and quality, state at time of headache onset, headache duration, and accompanying clinical presentation of ICH were assessed.
The presence and features of a headache in patients with disorders of conscience were based
on an analysis of the symptoms that preceded
the loss of consciousness. The data were obtained
from the patients’ relatives or their followers at
the time of their admission for hospital treatment.
These data are assessed as part of the questionnaire conducted in all headache patients treated
in our clinic, regardless of headache etiology.
Cardiovascular factors were evaluated upon
admission to the clinic, through the assessments
of pulse pressure, mean arterial pressure, heart
rate, body temperature, the presence of arterial
hypertension, and the regularity of antihypertensive therapy use. The presence of diabetes mellitus, chronic renal failure, atrial fibrillation, alcohol
abuse, and other comorbidities in medical history
were also analyzed. Laboratory tests for glycemia,
complete blood cell count, C-reactive protein (CRP),
and sedimentation were administered immediately
after admission. In patients receiving OAT, hemocoagulation analyses were also performed.
All study patients were categorized according
to gender, age, comorbidities, MSCT characteristics, frequency distribution on the clinical scales,
and other relevant data.

Figure 1. Headache features in intracerebral hemor
rhage (ICH) patients. Bars in the graphs represent
percentages of ICH patients presenting with headache in relation to a particular headache feature
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Table I. Demographic, clinical and paraclinical features of intracerebral hemorrhage patients in reference to headache occurrence
Parameter

With headache

P‡

Without headache

Count

%

Count

%

Male

52

59.8

183

72.0

Female

35

40.2

71

28.0

Gender

Age (years)

55.47 ±9.20

56.47 ±7.15

0.045

0.359

Clinical data
Duration of hospitalization (days)

8.53 ±5.68

7.47 ±5.59

0.195ǁ

GCS

10.54 ±2.32

10.29 ±2.09

0.090ǁ

NIHSS†

20.83 ±6.30

21.23 ±5.92

0.474ǁ

mRS†

3.84 ±1.61

4.56 ±1.52

< 0.001

†

Mortality

29

18.4

58

81.6

< 0.001

Pulse pressure [mm Hg]†

70.17 ±25.94

70.86 ±22.88

0.420ǁ

Mean arterial pressure [mm Hg]†

119.94 ±23.66

121.59 ±24.95

0.451ǁ

Heart beat [N/min]†

78.47 ±10.80

81.98 ±14.66

0.019ǁ

37.57 ±0.60

37.77 ±0.72

0.014ǁ

Body temperature [°C]

†

Arterial hypertension

67

77.0

220

86.6

0.050

Diabetes mellitus

12

13.8

34

13.4

1.000

Chronic renal failure

4

4.6

27

10.6

0.141

Atrial fibrillation

2

2.3

6

2.4

1.000

Alcohol abuse

5

5.7

26

10.2

0.298

Daily use of antihypertensive therapy

47

54.0

113

44.5

0.157

Body mass index [kg/m2] > 30

14

16.1

47

18.5

0.730

Neurological symptoms

52

47.1

165

65.0

0.005

Loss of consciousness

33

37.9

104

40.9

0.713

ICH basal ganglia

15

17.2

105

41.3

< 0.001

ICH lobar

57

65.5

37

46.9

0.004

ICH-brainstem

13

14.9

26

10.2

0.320

IVH

24

27.6

98

38.6

0.086

Mass effect

34

39.1

127

50.0

0.102

Arteriovenous malformation/aneurysm

9

10.3

18

7.1

0.458

Radiological diagnosis (hemorrhage localization)

Biochemical data
Glycemia [mmol/l]†
WBC [× 10 /l]
9

CRP [mg/l]

†

†

SE [N/h]†
†

‡

9.21 ±4.13

9.29 ±8.14

0.687ǁ

12.43 ±9.70

12.82 ±8.14

0.649ǁ

12.15 ±15.56

16.92 ±32.21

0.465ǁ

16.92 ±17.56

15.41 ±15.22

0.871ǁ

ǁ

– mean ±standard deviation, – chi-squared test, – Mann-Whitney U-test.
GCS – Glasgow Coma Score, NIHSS – National Institutes of Health Stroke Scale, mRS – modified Rankin Score, ICH – intracerebral
hemorrhage, WBC – white blood cells, CRP – C-reactive protein, SE – sedimentation rate.
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in Table I. Headache was a rare manifestation of
ICH in women (p = 0.045), in patients with a higher heartbeat (p = 0.019) and body temperature
(p = 0.014) on hospital admission, in ICH patients
who had diagnosis of arterial hypertension in
the medical history (p = 0.05), in those who presented with neurological symptoms on hospital
admission (p = 0.005). Patients with headache
in the ICH manifestation had better functional
recovery on discharge from hospital treatment
(p < 0.001); the mortality rate was higher in ICH
patients without headache (p < 0.001).
Headache was a rare manifestation of ICH in
the cases of hematoma localization in deeper
parenchyma structures (with and without mass
effects, p = 0.039 and p = 0.006, respectively) as well as in lobar localization of hematoma
but without mass effect (p < 0.001). On the other hand, headache was frequently associated
with ICH in the case of hematoma localization
in the brainstem, with the presence of its mass
effect (p = 0.039). Radiological diagnosis, hemorrhage localization and the presence of its mass
effects of ICH patients in reference to headache
occurrence are summarized in Table II.
In the univariate analysis model, the following
were identified as positive predictors for headache

occurrence in the ICH clinical presentation: gender
(OR = 1.735, 95% CI: 1.043–2.885, p = 0.034) and lobar localization of hematoma (OR = 2.115, 95% CI:
1.299–3.576, p = 0.003), especially in the absence
of its mass effects (OR = 2.964, 95% CI: 1.740–
5.051, p < 0.001), as well as the localization of hematoma in the brainstem with a hematoma mass
effect (OR = 3.617, 95% CI: 2.181–11.075, p = 0.024).
On the other hand, the following were recognized
as negative predictors for the onset of headache
in ICH presentation: heart rate (OR = 0.980, 95%
CI: 0.964–0.999, p = 0.043) and body temperature (OR = 0.656, 95% CI: 0.454–0.947, p = 0.024)
at admission, the presence of previous arterial
hypertension (OR = 0.518, 95% CI: 0.280–
0.959, p = 0.036), the presence of neurological
symptoms (OR = 0.481, 95% CI: 0.293–0.788,
p = 0.004) and localization of hematoma in the region of the basal ganglia (OR = 0.296, 95% CI:
0.161–0.544, p < 0.001), in the case of the mass
effect being present (OR = 0.262, 95% CI: 0.101–
0.681, p = 0.006) and in the case where the mass
effect is absent (OR = 0.449, 95% CI: 0.218–
0.924, p = 0.030). Detailed data are presented
in Table III.
Using multiple logistic regression analysis (backward: Wald method), the following were recognized

Table II. Radiological diagnosis (hemorrhage localization and presence of its mass effects) of intracerebral hemorrhage patients in reference to headache occurrence
Radiological diagnosis
(hemorrhage localization
and mass effect)

With headache

Without headache

P

Count

%

Count

%

Without mass effect

10

11.5

57

22.4

0.039

With mass effect

5

5.7

48

18.9

0.006

Without mass effect

47

40.2

35

18.5

< 0.001

With mass effect

72

25.3

22

28.3

0.680

Without mass effect

6

6.9

20

7.9

0.950

With mass effect

7

8.0

6

2.4

0.039

Without mass effect

16

18.4

51

20.1

0,853

With mass effect

8

9.2

47

18.5

0.062

Without mass effect

18

20.7

55

21.7

0.970

With mass effect

8

9.2

45

17.7

0.085

ICH – basal ganglia

ICH – lobar

ICH – brainstem

IVH

Combination

215 ICH patients had only 1 radiological diagnosis (localization of hemorrhage), 126 ICH patients had 2 or more localizations (combination).
ICH – intracerebral hemorrhage, IVH – intraventricular hemorrhage.
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as negative predictors for headache occurrence
in ICH: presence of neurological symptoms (OR
= 0.129, 95% CI: 0.044–0.372, p = 0.000), loss of
consciousness (OR = 0.174, 95% CI: 0.060–0.504,
p = 0.001), body temperature (OR = 0.586, 95%
CI: 0.389–0.882, p = 0.010) and the values of CRP
(OR = 0.989, 95% CI: 0.978–0.999, p = 0.048)
at admission, as well as the presence of hematoma in the basal ganglia (OR = 0.308, 95% CI:
0.159–0.596, p = 0.000). The presence of arterial
hypertension in the previous medical history was
recognized as a negative predictor (OR = 0.478,
95% CI: 0.230–0.991, p = 0.047) while the ordinary
use of antihypertensive therapy in these patients

is a prominent positive predictor for headache occurrence in ICH (OR = 1.906, 95% CI: 1.075–3.381,
p = 0.027) (Table IV).
Discriminative ability of combined clinical and
paraclinical predictors for headache occurrence in
ICH clinical presentation is summarized in Table V
and presented through a ROC curve (Figure 1).
Different combinations of clinical and biochemical risk factors in Table 5 have shown moderate
discriminative ability (AUC > 0.6). The combined
effect of body temperature + neurological symptoms + arterial hypertension + ICH basal ganglia
+ loss of consciousness + CRP + ordinary use
of antihypertensive therapy statistically improved

Table III. Influence of demographic, clinical and paraclinical features of intracerebral hemorrhage (ICH) patients on
headache occurrence in ICH clinical presentation (univariate logistic regression analysis)
Parameter

OR

95% CI

P

ICH lobar: total

2.155

1.299–3.576

0.003

Gender

1.735

1.043–2.885

0.034

Without
mass effect

2.964

1.740–5.051

< 0.001

Age

0.984

0.954–1.014

0.299

With mass
effect

0.856

0.491–1.491

0.582

GCS

1.057

0.940–1.189

0.351

ICH brainstem:
total

1.541

0.753–3.151

0.237

NIHSS

0.989

0.949–1.030

0.588

0.867

0.336–2.233

0.767

0.999

0.988–1.009

0.815

Without
mass effect

Pulse pressure
Mean arterial
pressure

0.997

0.987–1.007

0.588

With mass
effect

3.617

0.181–
11.075

0.024

Heart beat

0.980

0.961–0.999

0.043

0.606

0.356–1.034

0.066

Body temperature

0.656

0.454–0.947

0.024

Without
mass effect

0.897

0.481–1.673

0.732

Arterial
hypertension

0.518

0.280–0.959

0.036

With mass
effect

0.446

0.202–0.986

0.046

Diabetes mellitus

1.035

0.510–2.102

0.924

0.944

0.519–1.717

0.850

Chronic renal
failure

0.405

0.138–1.193

0.101

0.470

0.212–1.042

0.063

Alcohol abuse

0.535

0.199–1.439

0.215

Without
mass effect

0.391–1.053

0.079

0.973

0.193–4.910

0.973

With mass
effect

0.642

Atrial fibrillation
Daily use of
antihypertensive
therapy

1.466

0.899–2.391

0.125

Arteriovenous
malformation/
aneurysm

1.513

0.653–3.505

0.334

Body mass
index > 30

0.845

0.439–1.624

0.613

Glycemia

0.995

0.935–1.058

0.863

Neurological
symptoms

0.481

0.293–0.788

0.004

WBC

0.994

0.964–1.025

0.709

Loss of consciousness

0.881

0.535–1.453

0.621

CRP

0.993

0.982–1.004

0.195

SE

1.006

0.991–1.021

0.445

Clinical data

Radiological diagnosis
0.296

0.161–0.544

< 0.001

Without
mass effect

0.449

0.218–0.924

0.030

With mass
effect

0.262

0.101–0.681

0.006

ICH basal
ganglia: total

6

IVH: total

Combination:
total

Biochemical data

Total – all ICH patients having named radiological diagnosis – 215
of ICH patients had only 1 radiological diagnosis (localization
of hemorrhage), 126 of ICH patients had 2 or more localizations
(combination).
GCS – Glasgow Coma Score, NIHSS – National Institutes
of Health Stroke Scale, ICH – intracerebral hemorrhage, IVH
– intraventricular hemorrhage, WBC – white blood cells, CRP –
C-reactive protein, SE – sedimentation rate.
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prediction compared to the combined effect
of neurological symptoms + ICH basal ganglia
(ΔAUC: 0.097, DeLong test: p < 0.001), compared
to the combined effect of body temperature
+ neurological symptoms + arterial hypertension
(ΔAUC: 0.098, DeLong test: p < 0.001), and compared to body temperature + neurological symptoms + arterial hypertension + ICH basal ganglia
(ΔAUC: 0.049, DeLong test: p = 0.006).

Discussion
In our study, the frequency of headache as
the initial symptom of ICH was 25%, which is in
the range of findings obtained in other studies [6,
8, 9]. We found that headache was more common
in males; we did not find differences in terms
of patient age. Patient age is recognized as an independent predictor of poor short-term clinical
outcome of ICH [10, 11]. Our results suggest that
ICH patients presenting with headaches had sig-

nificantly better outcomes at discharge from hospital; we found no significant differences when
comparing the ages of these patients and those
presenting without a headache in ICH who had
worse clinical outcomes.
The most relevant risk factor for ICH occurrence
in a patient’s medical history is the persistent
diagnosis of arterial hypertension [12]. Arterial
hypertension is recognized as an independent
predictor of ICH recurrence and worse clinical development [13]. Our results indirectly support this
notion. The existence of arterial hypertension in
the patient’s medical history was a more frequent
finding in ICH patients presenting without a headache and their functional outcome was worse
compared to those ICH patients presenting with
headache (Table I).
We found that headache was a more frequent clinical symptom when ICH was located in
the upper brain region (cortical/subcortical). This

Table IV. Influence of demographic, clinical and paraclinical features of intracerebral hemorrhage (ICH) patients on
headache occurrence in ICH clinical presentation (multiple logistic regression analysis – backward: Wald method)
Risk factors

OR

95% CI

P

Body temperature

0.586

0.389–0.882

0.010

Arterial hypertension

0.478

0.230–0.991

0.047

Ordinary using of antihypertensive therapy

1.906

1.075–3.381

0.027

Neurological symptoms

0.129

0.044–0.372

0.000

Loss of consciousness

0.174

0.060–0.504

0.001

ICH basal ganglia

0.308

0.159–0.596

0.000

C-reactive protein

0.989

0.978–0.999

0.048

*Adjusted for gender, age, GCS, NIHSS, PP, MAP, presence of diabetes mellitus, chronic renal failure, atrial fibrillation and/or aethylismus,
BMI > 30, presence of arteriovenous malformation/aneurysm, ICH-LH, ICH-brainstem and IVH.

Table V. Discriminative ability of combined clinical and paraclinical predictors for headache occurrence in intracerebral hemorrhage clinical presentation
Combined risk factors

Sensitivity

Specificity

AUC

SE

95% CI

P

Neurological symptoms + ICH basal ganglia

48.3

72.8

0.652

0.033

0.588–0.717

< 0.001

Body temperature + neurological symptoms
+ arterial hypertension

52.9

70.5

0.651

0.033

0.586–0.717

< 0.001

Body temperature + neurological symptoms
+ arterial hypertension + ICH basal ganglia

65.5

64.6

0.700

0.030

0.640–0.759

< 0.001

Body temperature + neurological symptoms
+ arterial hypertension + ICH basal ganglia
+ loss of consciousness

80.5

55.9

0.725

0.029

0.668–0.783

< 0.001

Body temperature + neurological symptoms
+ arterial hypertension + ICH basal ganglia
+ loss of consciousness + CRP

74.7

60.6

0.734

0.029

0.676–0.791

< 0.001

Body temperature + neurological symptoms
+ arterial hypertension + ICH basal ganglia
+ loss of consciousness + CRP + daily use
of antihypertensive therapy

75.9

63.8

0.749

0.028

0.694–0.804

< 0.001

ICH – intracerebral hemorrhage, CRP – C-reactive protein, AUC – area under ROC curve, SE – standard error.
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Reference line

Figure 2. Combined effect of clinical and paraclinical risk factors for headache occurrence in intracerebral hemorrhage clinical presentation (ROC curve
analysis)

was proposed in a previous publication [2], but
it depended on a lack of hematoma mass effect.
Similarly, headache was a prominent symptom
when the hematoma was located in the region
of the brainstem with a coexisting mass effect
of the lesion (Table II). In contrast, when the hemorrhage occurred in deeper brain parenchyma
(basal ganglia), we found that headache was rare,
independent of the existence of a hematoma mass
effect. In contrast to our findings, other studies
have suggested a greater frequency of headache
in ICH with deeper brain presentation. Arterial hypertension is crucial in the pathogenesis of deep
brain hemorrhage [13]. This is consistent with our
finding that headache was a rarer clinical presentation in hypertensive ICH (ICH patients having arterial hypertension) and, vice versa, headache was
a more frequent presentation in so-called nonhypertensive ICH (ICH patients regularly using antihypertensive therapy).
There is not a large amount of research related
to headache secondary to ICH; the data presented here could therefore be significant for at least
a partial understanding of the pathophysiology
and the clinical phenotype of headache secondary to ICH. The few investigations of the mechanisms underlying ICH and headache unambiguously indicate that headache is a clinical
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consequence of direct activation of trigeminovascular nociceptive afferents by the hematoma
lesion, so that the pain ensues when a sufficient
number of nociceptors are recruited [6, 14]. Again,
the fact that only a quarter of our ICH patients
presented with headaches suggests that hematoma per se is less likely to be the direct cause
of the headache. Also, the evidence confirms
the absence of a correlation between the size
of the cerebrovascular stroke lesion and headache occurrence or severity [15]. The findings
presented here could be in line with the notion
that mechanisms on the surface of the brain are
pivotal in ICH headache pathogenesis [16, 17],
because headaches were reported as a prominent clinical symptom when the hemorrhage was
located in the brainstem and upper brain region
(Table II). As the structure at the brain base and
its surface are more densely innervated by nociceptive fibers, the more frequent occurrence
of headache observed in our study in conditions
when the hematoma is distributed over these regions is absolutely to be expected.
The cortical spreading depression may account,
among other pathophysiological plausible mechanisms, for headache related to ICH, in particular
for the cortical or brainstem located ICH [18]. As
shown, the clinical features of headache are nonspecific. That suggests that headache as the sole
manifestation or the initial presenting symptom
of ICH could easily be misdiagnosed.
Our results show that neurological presentation
appears as a negative predictor for headache occurrence; this can be an incomplete pathogenetic
connection with our previously described findings
of an association between headache occurrence
and ICH location. The most common neurological impairments are caused by lesions that are
mostly found in deeper regions of the brain parenchyma; this would be a direct explanation for
the rare occurrence of headaches in the settings
of pathological neurological findings. In support
of this, the loss of consciousness could be recog
nized as a negative predictor for headache occurrence. The presence of neurological symptoms
and loss of consciousness are identified as a negative predictor for headache occurrence in SAH
patients [19]. The neurological findings and loss
of consciousness are GCS items that change even
in the first hours after ICH onset; they are identified
as independent prognostic tools for the prediction
of ICH clinical evolution [11, 20]. As ICH patients
presenting with headaches have better clinical
outcomes (Table I) while both of these parameters
(neurological findings and loss of consciousness)
are identified as negative predictors for headache
occurrence in ICH, the results presented here completely support the findings of other authors.
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The authors of this study emphasize the number of patients involved in the study as a primary
advantage of the study, as well as its contributions
to this topic, especially for clinicians who are confronted with this issue in everyday clinical practice.
On the other hand, as limitations, we emphasize
the retrospective nature of the study and the absence of data of early hematoma progression and
headache occurrence. A future prospective study
aimed at examining these links might be particularly clinically useful.
In conclusions, the results presented here
of predictors for headache occurrence in ICH
might be useful for clinicians to consider further
diagnostic procedures as early as possible in patients with symptoms that are clinically suggestive of ICH who present with headache as well
as in those in whom a headache is not expected. Whether a headache is present or absent, it
is necessary to consider the possible existence
of ICH; further diagnostic tests to confirm ICH,
such as CT scan, are standard. Further prospective studies are needed.
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