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ABSTRACT

Objective: Young patients with intracerebral hemorrhage (ICH)
make up a small but important subgroup of patients with ICH.
This study investigated the clinical characteristics and outcomes
of hypertensive ICH in very young (18-45 years) and young (46-55
years) patients.

Methods: This was a retrospective study of patients aged 18-55
years with hypertensive ICH admitted to a hospital from April 2014
to April 2019. Clinical and radiologic features as well as long-term
clinical outcomes were compared between 2 age groups: group

1 (18-45 years) and group 2 (46-55 years). Factors affecting the
clinical outcome were investigated as well.

Results: Of 63 patients with hypertensive ICH, 24 (38.1%) were in
group 1 (mean+SD age of 38+4.6 years), and 39 (61.9%) were in
group 2 (50+2.5 years). The risk factor profile was similar except
for diabetes, which was more prevalent in group 1 (odds ratio
[OR]=4.65; 95% Cl, 1.4-15.2). Patients in group 1 had higher
mean £SD NIH Stroke Scale scores (15.7 £4.6, P=.044), had lower
Glasgow Coma Scale (GCS) scores (OR=3.33; 95% Cl, 1.0-10.8),
were at higher risk of intubation (OR=2.79; 95% Cl, 1.1-9.9), and
had higher ICH volume (21 + 18, P=.034). Worse clinical outcome
was higher in group 1 (OR=5.14; 95% Cl, 1.0-26.1). Low GCS score,
mean hematoma volume, and intraventricular extension were
independently associated with worse outcome.

Conclusions: Relatively young patients with hypertensive ICH
have higher prevalence of diabetes and worse clinical outcome in
comparison to older patients with hypertensive ICH. Such patients
should be monitored and treated more aggressively.
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Intracerebral hemorrhage (ICH) accounts for 3.7%
to 38.5% of all cases of stroke in young patients with
devastating consequences on socioeconomic aspects as
well as quality of life.! Hypertension has surpassed vascular
malformation as the most common etiology of ICH in the
young population.?~ This change is secondary to increase in
prevalence of vascular risk factors in younger individuals.®
Data regarding characteristics and outcome of ICH in young
patients are very limited and mainly derived from studies
conducted in middle-aged and elderly patients with ICH.6~1
However, data pertaining to middle-aged and elderly patients
cannot be applied to younger patients because there are
differences in clinical features; for example, younger patients
with ICH are more likely to be smokers, to have excessive
alcohol consumption, to be obese, and to have positive
family history of ICH.*!'® Thus, it is extremely important
that clinical features and outcomes of hypertensive ICH in
young patients be explored to lead to focused management.
With the lack of data on hypertensive ICH in the younger
age group in mind, we investigated various clinical and
radiologic features of hypertensive ICH in patients aged
18 to 45 years and compared them with those of patients
aged 46 to 55 years. We also compared outcomes of ICH
between the 2 age groups and investigated any factors that
could be associated with worse outcomes. We hypothesized
that relatively younger patients with hypertensive ICH have
different clinical characteristics as well as worse outcomes
compared to older patients with hypertensive ICH.

METHODS

Study Population and Design

Records of patients aged 18 to 55 years who were
admitted to King Fahd Hospital of University, Al Khobar,
Saudi Arabia with ICH from April 2014 to April 2019 were
reviewed. Of 230 patients, 63 were included in our study.
Patients were excluded if they had subdural hematoma,
epidural hematoma, subarachnoid hemorrhage, ICH caused
by etiologies other than hypertension, or incomplete workup
for ICH.

Subjects were divided into 2 groups: group 1 included
patients aged 18 to 45 years and group 2 included patients
aged 46 to 55 years. Patients’ clinical and radiologic
characteristics as well as outcomes were compared between
the 2 groups. The ethics review board of our institution
approved the study.
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Clinical Points

B Relatively young patients with hypertensive intracerebral
hemorrhage (ICH) have higher prevalence of diabetes and
worse clinical outcomes compared to older patients.

B Predictors of unfavorable functional outcome in patients
with ICH include age at presentation, low Glasgow Coma
Scale score, large hematoma volume, and intraventricular
extension.

B Hypertension in young patients should be identified and
treated to reduce the burden of ICH.

Operational Definitions

ICH was defined as rapidly developing clinical signs of
neurologic dysfunction attributable to focal collection of
blood within brain parenchyma or ventricular system as
seen on neuroimaging (head computed tomography [CT]
or magnetic resonance imaging [MRI]) that is not caused
by trauma.!” Hypertension was defined as systolic blood
pressure >140 mm Hg or diastolic blood pressure >90 mm
Hg that persisted for 14 days after presentation in a patient
who was not known to have hypertension or in a patient
who was known to have hypertension.!® Patients were
designated as diabetic if they were using oral hypoglycemic
agents or insulin at the time of presentation or had levels
of fasting blood glucose >126 mg/dL, postprandial blood
glucose >200 mg/dL, or hemoglobin A, >6.5%.' However,
there is a limitation of this definition as oral hypoglycemic
drugs are also prescribed for conditions other than diabetes
or prediabetes. Impaired renal function was defined as
glomerular filtration rate <60 mL/min/1.73 m?. Creatinine
clearance was calculated as an estimate of glomerular
filtration rate according to the Chronic Kidney Disease
Epidemiology Collaboration equation.?’ Neuroimaging
was evaluated by the neuroradiologist regarding location,
hematoma volume, and intraventricular extension. Location
of hematoma on neuroimaging was divided into either
supratentorial or infratentorial. Supratentorial location
was further subdivided into deep or nonlobar ICH if the
hematoma was located in basal ganglia (internal or external
capsule) or thalamus or lobar ICH if the hematoma
was located in any 4 lobes of the cerebral hemispheres.
Infratentorial location included hemorrhage into the brain
stem or cerebellum. Hematoma location was divided into
supratentorial and infratentorial because infratentorial
hemorrhages are associated with increased odds of poor
outcome, disability, and death.?! Lobar ICH is associated
with better outcome and decreased odds of mortality but
increased odds of recurrence in comparison to nonlobar
ICH.?? ICH volume was measured via the “ABC/2 method”
wherein A is the greatest hemorrhage diameter by CT, B is the
diameter 90° to A, and C is the approximate number of CT
slices with hemorrhage multiplied by the slice thickness.??
Hematoma expansion was defined as increase in hematoma
volume by more than 6 mL or more than 33% from baseline
volume on follow-up imaging at 24 hours.?*=?’

All patients underwent extensive radiologic and laboratory

workup for ICH and hypertension as per institution protocol,
which included CT or MR angiogram of the head; digital
subtraction angiography; delayed brain imaging, preferably
MRI 3 months after presentation; MRI of the head with and
without contrast; transthoracic echocardiogram; 12-lead
electrocardiography; blood workup for autoimmune
vasculitis; and serum/urine toxicology screening depending
on clinical suspicion.

Data Collection

Data collected included patient demographics;
hypertension, diabetes, and ischemic heart disease status;
low-density lipoprotein level; impaired renal function;
current smoking status; alcohol use; and use of antiplatelet
medications. All patients received standard of care in
accordance with hospital protocol, which is based on
guidelines for management of spontaneous ICH issued
by the American Heart Association and American Stroke
Association.?® All patients were treated using available
antihypertensive medications with target systolic blood
pressure <140 mm Hg. Decisions regarding surgical
intervention including external ventricular drain,
craniotomy, and craniectomy were left to the treating
physician and were individualized according to the patient’s
clinical and radiologic characteristics. Mean systolic blood
pressure was recorded at 24 hours. Patients who had a
Glasgow Coma Scale (GCS)? score <8 were intubated and
put on mechanical ventilation. Decisions for neurosurgical
procedures, if required for intraventricular hemorrhage,
hydrocephalus, or in the case of neurologic deterioration,
were left to the neurosurgical staff, and guidelines for
management of spontaneous ICH issued by the American
Heart Association and American Stroke Association® were
followed. Data for such neurosurgical interventions were
collected.

Outcomes

The primary aim of this study was to compare the clinical
and radiologic features as well as the long-term functional
outcome between the 2 groups. Functional outcome was
evaluated with the modified Rankin Scale (mRS)3 and was
assessed by telephone interview of the patient or caregiver
(minimum follow-up was at 6 months and maximum up to
1 year after ICH onset). A mRS score of 0-2 was considered
favorable functional outcome, while 3-6 was considered
unfavorable. The secondary aim of this study was to
investigate factors that affect functional outcome in the 2
groups. Considering the results of previous ICH research,
we selected the following factors for correlation with clinical
outcome: diabetes, impaired renal function, GCS, ICH
location and volume, and intraventricular extension.

Data Analysis Procedures

Data were analyzed with IBM SPSS Statistics 21. All
categorical variables were presented as frequencies and
percentages. Quantitative variables (ie, age, systolic blood
pressure, diastolic blood pressure, mean arterial pressure,
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NIH Stroke Scale’[NIHSS];?! ahd hématoma volunie) were
presented as mean and standard deviation. Independent
sample ¢ test was used to compare those variables. x> test
for association was used to compare the clinical features,
risk factors, and radiologic features between age groups.
For multivariate analysis, logistics regression was used to
confirm the significant associated factors with age groups.
Factors found to be significant in the univariate analysis were
also analyzed in a logistic regression model to assess the
independent predictors of functional outcome. Odds ratios
(ORs) were calculated, and P value <.05 was considered
significant.

RESULTS

Of 127 patients with ICH, the diagnosis was confirmed
by noncontrast CT head scans in all patients (100%). Of
those patients, 113 (88.97%) underwent further workup
for secondary cause of ICH, while 14 (11.02%) had unclear
etiology due to either incomplete investigations or early
death. Of 113 patients with complete workup, 63 were
found to have hypertensive ICH, while some underlying
pathology was found in the remaining 50 patients. The
analyses of baseline characteristics and outcome after
ICH are restricted to those with hypertensive ICH. Of 63
patients with hypertensive ICH, 29 (46%) had prior history
of hypertension, while the remaining 34 (53.92%) were
diagnosed with hypertension-related ICH as they fulfilled
the criteria mentioned previously.

The majority of patients (n=39, 61.9%) were in group
2 (mean+SD age of 50+2.5 years; range, 45-55 years),
and the remaining patients (n=24, 38.1%) were in group 1
(aged 39+4.6 years; range, 30-44 years). When comparing
group 1 with group 2 (Table 1), demographics were equally
distributed in both age groups (P >.05). Risk factors, except
for diabetes, did not differ significantly between the 2 groups.
Diabetes was significantly associated with the younger age
group (group 1: P=.008) (Table 1).

The mean NTHSS score at presentation was significantly
higher in group 1 (15.7+4.6, P=.044) compared to group
2 (12.5+6.7). Reduced level of consciousness at admission
with GCS score <13 was significantly associated with
patients in group 1 (n=15, 62.5%, P=.042). Need for
intubation was also significantly associated with patients
in group 1 (n=12, 50.0%, P=.028). Regarding location of
ICH, supratentorial hematoma was more common than
infratentorial, and location of ICH was equally distributed
between both age groups. The mean hematoma volume
was significantly higher in group 1 (21.0+18.1) compared
to group 2 (12.3+£9.9, P=.034). Noncontrast CT head
scan was repeated within 24 hours of symptom onset in all
patients, which showed hematoma expansion in 3 patients
(4.76%), and its association with age groups was found to be
insignificant. Association of mean systolic blood pressure
reading at 24 hours after ICH onset showed statistically
significant association with age groups (P=.93). External
ventricular drain was inserted in 15 (23.8%) patients, and

Hypertensive Intracerebral Hemorrhage in Young Patients

Table 1. Baseline Characteristics of All Patients With

Ischemic Heart Disease (N=63)

P
Characteristic Group 1 Group 2 values
Age, mean+SD,y 39+4.6 50+2.5
Sex (male), n (%) 18(75.0) 26 (66.7) 484
Saudi, n (%) 12 (50.0) 21(53.8) 767
Diabetes, n (%) 11 (45.83) 6(15.38) .008
Prior history of hypertension, n (%) 12 (50.0) 17 (43.6) 62
Baseline antihypertensive, n (%) 4(16.6) 8(20.5) .706
Impaired renal function, n (%) 6 (25.0) 9(23.1) .862
ICH, n (%) 3(23.1) 10(76.9) 21
Smoking, n (%) 7 (25.0) 11(28.2) 9
LDL <70 mg/dL, n (%) 6 (25.0) 6(15.3) .345
Alcohol use, n (%) 5(20.8) 13(33.3) 286

Antithrombotic (baseline), n (%) 4(16.66)
SBP, mean+SD, mm Hg 195.9+23.8
MAP, mean +SD, mm Hg 138.7+21.6
DBP, mean+SD, mm Hg 112.8+22.3

193.2+259 53
1364£270 62
1094+247 4

NIHSS score, mean+SD 15.7+4.6 125+6.7 .044
Seizure, n (%) 2(8.3) 4(10.3) 8
GCS score <13, n (%) 15 (62.5) 12 (30.8) .042
Intubation, n (%) 12(50.0) 9(23.1) .028
SBP at 24 h, mean (SD), mm Hg 158+11 158+9.66 93
ICH location: infratentorial, n (%) 9(37.5) 9(23.1) 218
Hematoma volume, mean +SD, mL 21.0+£18.1 12.3+99 .034
IV extension, n (%) 10 (41.66) 9(23.07) 118
Hematoma expansion, n (%) 1(4.16) 2(5.12) 862
Hemicraniotomy, n (%) 1(4.16) 2(5.12) .862
EVD, n (%) 8(33.3) 7(17.9) 164
Functional outcome, n (%)

Unfavorable® 18 (90.0) 21(54.0) 033
Mortality, n (%) 8(53.3) 7 (46.7) .164

aCategorical value by x? test for association.

bUnfavorable = modified Rankin Scale score of 3-6.

Abbreviations: DBP =diastolic blood pressure, EVD =external ventricular
drain, GCS=Glasgow Coma Scale, ICH =ischemic heart disease,
IV=intraventricular, LDL=low-density lipoprotein, MAP =mean arterial
pressure, NIHSS =NIH Stroke Scale, SBP =systolic blood pressure.

hemicraniectomy was done in 3 patients (4.76%). Association
of surgical intervention and age groups was found to be
insignificant.

At the end of follow-up for 6-12 months, complete data
on outcomes were available for 62 (98.4%) patients. All of
the patients were functionally independent prior to onset
of their symptoms. Overall mortality rate was 23.8%, and
the frequency of death was equally distributed between both
age groups (P=.164). By the end of the follow-up period,
39 patients had either died or were functionally dependent
(mRS score of 3-6), and the proportion of patients with
this unfavorable outcome was significantly associated with
patients in group 1 (18, 90%, P=.033).The distribution of
mRS scores between the 2 groups is presented in Figure 1.

Logistic regression analysis of all significant variables
between age groups is presented in Table 2. Unfavorable
outcome was 5.14 times higher in younger patients compared
to older patients (aged 46-55 years, P=.048). Diabetes was
4.65 times more prevalent in group 1 compared to group 2
(P=.011).

A GCS score <13 was 3.33 times more prevalent in
younger patients (P=.045), and need for intubation was 2.79
times higher in group 1 (P=.031).

Factors associated with favorable or unfavorable
functional outcome for all patients are shown in Table 3.
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Figure 1. Distribution of the Modified Rankin Scale (mRS) Scores in the 2 Age

Groups?
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2A score of 0-2 was considered a favorable functional outcome, while 3-6 was considered

unfavorable.

Table 2. Regression Analysis of Different Variables for the

Age Group 30-45 Years (n=24)

Variable Odds Ratio PValue 95% Cl
Diabetes 4.65 011 1.4-15.2
GCSscore <13 333 .045 1.0-10.8
Intubation 2.79 .031 1.1-9.9
Hematoma volume 1.10 .023 1.0-5.2
Unfavorable outcome 5.14 .048 1.0-26.1

Abbreviation: GCS =Glasgow Coma Scale.

Intraventricular extension was 8.5 times more prevalent in
patients with worse clinical outcome (P=.003). Need for
mechanical ventilation was 3.86 times higher (P=.028) and
GCS score <13 was 3.5 times higher (P =.025) in patients
with unfavorable outcomes. The mean hematoma volume
(18.1+£16.4, P=.033) was significantly high in patients with
unfavorable outcomes.

DISCUSSION

From this retrospective analysis, we observed that (1)
there was no significant difference in prevalence of risk
factors based on age at onset except for diabetes, which was
more prevalent in younger patients; (2) there were increased
odds of having low GCS scores at time of admission and need
for intubation in younger patients; (3) younger patients had
higher NTHSS scores, hematoma volume, and odds of having
unfavorable functional outcome; and (4) low GCS score,
large hematoma volume, and intraventricular extension were
independent factors for poor clinical outcome in younger
patients with ICH.

There is no uniform definition of ICH in young patients,
as age criteria varies in studies from 18 to 45 years as shown
in Table 4. Hypertension is the most common cause of ICH in
younger patients, so we wanted to investigate whether there is
any difference in clinical or radiologic features and outcome

Table 3. Association Between Clinical and Radiologic
Features and Outcomes in Terms of Modified Rankin Scale

Scores in Patients Aged <55 Years (N= 63)2P

Favorable Unfavorable Odds
Variable (n=23) (n=39) PValue Ratio
Diabetes 4(17.4) 13(33.3) 15 2.5
Impaired renal function test 19 (82.6) 29 (74.4) 7 1.3
GCS score <13 6(26.0) 21(53.8) .025 35
Infratentorial 5(21.7) 13(33.3) .286 0.5
Intraventricular extension 2(8.69) 17 (43.58) .003 85
Hematoma size, mean+SD 109+7.0 18.1+16.4 .033

aAll values are n (%) unless otherwise specified.

PModified Rankin Scale score <2 (scores range from 0“no neurologic
deficit” to 6 “death”).

Abbreviation: GCS =Glasgow Coma Scale.

in relatively younger patients with hypertensive ICH in
comparison to older patients.

Hypertension has been recognized as the most common
cause of ICH in the younger population in previous studies
(Table 4). Only 50.0% of patients in group 1 and 43.6%
of patients in group 2 were known to have hypertension
at the time of presentation with ICH. So, close to half of
all the patients were not diagnosed with hypertension
prior to presentation with ICH. This finding highlights
the importance of early screening for hypertension, as it
is the most modifiable risk factor for ICH. Moreover, our
study showed that only 41% of patients with preexisting
hypertension were taking antihypertensives at the time of
the ICH event. This finding might indicate that hypertension
is often underestimated in young individuals and stresses the
role of public education and awareness as well.

All vascular risk factors except diabetes were equally
distributed in both age groups and were relatively similar to
that reported in a previous study by Kalita et al.**> Although
the reported prevalence of diabetes in Saudi Arabia based
on the age groups 30-39, 40-49, and 50-59 years is 12.1%,
31.9%, and 58.2%, respectively,>*>** surprisingly, diabetes
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Study, Country, Dates
of Data Collection

Cohort

Hypertensive Intracerebral Hemorrhage in Young Patients

Table 4. Review of the Literature on Hypertensive Intracerebral Hemorrhage (ICH)

Etiology

Risk Factor

Outcome

Kalita et al*? 404 patients aged 16-50 y HTN: 79.2%, coagulopathy: 4%,
North India (mean age: 41.6 y), male to vascular malformation: 4.2%,
2001-2010 female ratio of 2.6:1 CVST: 2.2%, thrombocytopenia:
0.7%, vasculitis: 0.5%,
cryptogenic: 9.2%
Go et al*® 39 patients aged 17-40 y AVM: 25.6%, HTN: 23.1%,
Korea (mean+SD age: 6.4+33Yy), aneurysm: 5.1%, venous
2001-2012 male to female ratio of 2.5:1  angioma: 5.1%, cryptogenic: 41%
Ruiz-Sandoval et al? 35 consecutive patients HTN: 100%
Mexico aged <40y with
1988-2004 hypertensive ICH (mean +SD
age:33+6.2y;range, 15 to
40y), male to female ratio
of 1.5:1
Gedansky et al*? 110 patients aged <50 y Using the H-ATOMIC
North America (median age: 45.0 y; range, classification,
2010-2018 18-50y), male to female definitive HTN: 36.3% H1,

Bernardo et al*®
Portugal
1997-2018

Rutten-Jacobs et al*®

ratio of 1.6:1

161 patients aged <65y
(median age: 57 y; range,
48-61y), male to female
ratio of 2.1:1

98 patients aged 18-50y

probable or possible HTN:
46.3% H2 or H3, infrequent
cause: 5.45%, cryptogenic: 3.63,
multiple causes: 59.1%

Spontaneous ICH

HTN: 26.8%, AVM: 21.6%,

Netherlands (mean+SD age:37.9+£8.8y), cavernous angioma: 5.3%,
1980-2010 male to female ratio of 0.89:1  medication: 5.2%, bleeding
disorders: 5.2%, substance abuse:
2.1%, septic 1%, unknown: 35%
Yang et al®” 69 of 273 patients aged <50  HTN: 76.81%, moyamoya disease:
Korea y (mean=SD age: 44+7.59 5.8%, venous thrombosis: 1.45%,
2013-2015 y), male to female ratio of liver disease: 1.45%, eclampsia:

2.1:1

1.45%, multiple: 6.15%,
unknown: 17.3%

HTN: 79%, diabetes mellitus: 9.4%,
smoker: 13.9%, chewed tobacco:
18.1%, consumed alcohol: 15.8%,
hypocholesterolemia: 33.7%,
family history of stroke: 9.4%, on
anticoagulant: 3.5%

HTN: 71.8%, smoking: 53.3%,
aneurysm: 5.1%, alcohol use:
66.7%

Obesity: 51%, alcoholism: 29%,
smoking: 14%, diabetes mellitus:
9%, previous ICH: 9%

HTN: 82.7%, smoking: 28.4%

HTN: 70.8%, smoking: 26.1%,
diabetes mellitus type 2: 13%,
alcohol use: 49.7%, dyslipidemia:
16.1%

HTN: 23%, diabetes mellitus: 2%,
smoking: 34.6%, alcohol: 7.1%

HTN: 37.78%, diabetes mellitus:
1.45%, heart disease: 1.45%, renal
disease: 2.9%, smoking: 30.43%,
alcohol: 53.6%, family history:
10.14%, previous stroke: 1.45%,
baseline antiplatelet: 7.69%,
malignancy: 5.8%

Mortality: 25%
Poor outcome: 39.9%
Good outcome: 34.9%

NA

Mortality: 23%
Poor outcome: 81%

NA

Mortality: 14.9%, mRS
score 0-2:47.9% in
young patients aged
<50y

Mortality: 20.4%

Poor functional outcome:
51.3%

Mortality: 17.4%

Good outcome: 51.79%
(better in younger
patients compared with
older patients)

Abbreviations: AVM =arteriovenous malformation; CVST = cerebral venous sinus thrombosis; H-ATOMIC = Hypertension, cerebral Amyloid angiopathy, Tumor,
Oral anticoagulants, vascular Malformation, Infrequent causes, and Cryptogenic; HTN = hypertension; mRS =modified Rankin Scale, NA=not available.

was significantly higher in group 1 compared with group 2.
Although there is inconsistency among studies in establishing
diabetes as a risk factor for ICH, few studies have reported
increased prevalence of diabetes in younger patients with
ICH or increased risk of ICH in Black younger patients
with ICH.*® Currently, there is no plausible explanation for
increased prevalence of diabetes in younger patients with
ICH, but we think it is related to the changes in the cultural
background/society norms of our subjects. More precisely,
Saudis have experienced rapid economic development,
including rapid changes in dietary habits, and reduction
in physical activities during the past decades. As a result,
Saudis are prone to increased insulin resistance, increased
metabolic syndrome, and a higher visceral fat level within a
similar body mass index range as Westerners.*® This finding
should be investigated further.

Regarding the clinical and radiologic features, as
somewhat expected, most of the presenting features, except
for NIHSS scores, altered sensorium, and need for intubation,
were similar in both groups and were consistent with results
from previous studies.’’ %" As a result of the multivariate

analysis, patients in group 1 were found to be 3 times more
likely to have low GCS scores and a 2 times higher need
for intubation. Our results might be partially explained by
a significant higher rate of hematoma volume (P=.034)
and slightly higher rate of brain stem location in group 1
compared with group 2 (29.7% vs 12.8%), although this rate
was not clinically significant, which could be attributed to
ICH severity in the younger group as well. We also noticed
that 31% of patients had intraventricular extension, and
28.6% of patients underwent surgical intervention. The
frequency of surgical intervention was similar to that
previously reported by Ruiz-Sandoval et al*> and Koivunen
et al.*! As expected, considering the radiologic and clinical
features in group 1, surgical interventions were performed
more in this group.

Previous studies®®#1*2 have shown that relatively younger
patients in a cohort of young patients with ICH have
better functional outcome compared to relatively older
patients who have poor functional outcome. Our study
revealed unexpected results, as worse clinical outcome
was 5.14 times more common in patients in group 1. One
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explanation for this finding is'that all the factors that were
found to be significantly contributing to worse outcome
were more prevalent in group 1 compared to group 2. It is
important for clinicians to recognize the potential factors
for worse clinical outcome in young patients with ICH to
optimize outcomes. As expected, severe ICH presentation
with low GCS, large hematoma volume, and intraventricular
extension were significantly associated with long-term poor
clinical outcome, and that was similar to results reported by
Koivunen et al.*!

Our study has some limitations. (1) The study was a
single-center, retrospective design, and there may have
been underreporting of cases or incomplete data, mainly
regarding the clinical symptoms, risk factors, and mRS
scores. (2) Functional outcome was measured with the mRS
administered by telephone interview. Scores might have
been underestimated or overestimated, particularly in cases
in which the mRS score was reported by a caregiver. (3)
Our study included patients aged 18-55 years, while most
previous studies only included patients less than <50 years of
age. (4) The small sample, with none of the included patients
younger than age 30, could limit generalization. We assume
that our findings of clinical outcome might be underpowered
by the small sample size. (5) Matching on multiple variables
would be difficult due to the small pool of young patients
with ICH and thus confounding could arise. (6) Considering
that cerebral amyloid angiopathy (CAA) is a very rare cause
of ICH in younger individuals, there have been few case

reports of CAA as an underlying etiology of ICH in this age
group.*>* Modified Boston Criteria using head MRI should
also be considered in young patients, mainly in lobar ICH.*

Despite our limitations, we think this study highlights
that hypertension-related ICH in younger individuals is a
real burden with high fatality and poor clinical outcome.
Importantly, ICH in younger individuals is thought to more
likely be the result of a complex interplay of many risk factors,
and additional contribution of a single or few factors may
have a bigger role in its development. Therefore, screening
programs at the community level and clinical strategies to
control modifiable ICH risk factors might help to reduce the
burden of this disabling disease.

CONCLUSION

Relatively young patients with hypertensive ICH have
higher prevalence of diabetes and worse clinical outcome
in comparison to older patients with hypertensive ICH.
In primary care settings, hypertension and diabetes were
important modifiable risk factors for all subtypes of strokes.
Considering that hypertension is an independent risk
factor for morbidity and mortality in patients with ICH,
this comorbidity should be managed aggressively in young
patients as part of a primary prevention strategy related to
ICH. Further large prospective studies with detailed clinical
and radiologic assessment of ICH events in the young
population and their outcome are therefore required.
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