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ABSTRACT

Introduction: Subarachnoid hemorrhage (SAH)represents hemorrhage in the space between arachnoidea
and pia mater, due to aneurysm burst, spontaneously or as a consequence of trauma. It is condition
that occurs more common in women than men, and its most common complications are rebleeding and
vazospasm. As a result of vasospasm, develops ischemia in the portion of brain tissue that can cause
additional neurological deficit. Transcranial Doppler Sonography (TCD) is a noninvasive ultrasound
diagnostic method that allows monitoring of the state of intracerebral hemodynamics. Goal: The goal
is to follow the occurrence of vasospasm after SAH, by the TCD method. Material and methods: We have
analyzed 47 patients with SAH, by analyzing the presence of aneurysm, hypertension and smoking, and
by the TCD method monitor the state of intracerebral hemodynamics during the first four days, then in
the second and third week. Results: SAH was more common in women (61.7%) than men (38.3%), and
inthe age range from 22 to 64 years. Aneurism was demonstrated in 61.7% of patients, more commonin
women, with hypertension 68.1% also more common in women and smoking in 87.2% of patients, also
more common in women. By TCD method are recorded milder, elevated blood flow velocities ata quarter
of patients in the first measurement, during the second measurement at all and it had significantly
greater value, and the third measurement also more increased in about a quarter of patients, so that
there is a statistically significant difference in the first and second, second and third measurement
for each vessel separately, but not between the first and third measurement. Conclusion: Predilection
factors for SAH are aneurysms, hypertension and smoking. By using TCD method were recorded milder
elevated blood flow velocity in the first days of SAH, with about a quarter of patients, significantly
greater increase in blood flow velocity during the second week in all patients and also milder increase
blood flow velocity in the third week of the start of SAH is a quarter of patients. TCD is the method of
choice in the evaluation and management of vasospasm after SAH, which allows the prevention of
delayed cerebral ischemia.
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1. INTRODUCTION
Subarachnoid hemorrhage (SAH) is
the effusion of blood in the subarach-

The first and most difficult complica-
tion of SAH is rebleeding, followed by
the occurrence of vasospasm with sub-

noid space (between arachnoidea and
piamater). It occurs spontaneously,
mainly due to rupture of a cerebral an-
eurysm, or as the result of traumatic in-
jury to the head-traumatic SAH (1). The
frequency SAH is 5-8% in all forms
of stroke, frequently in people be-
tween 35 and 65 years, somewhat more
often women. The highest incidence is
found in Japan, 23 per 100,000 inhabi-
tants and in Finland with an incidence
of 22/100,000 inhabitants annually.
Smoking, hypertension, and excessive
consumption of alcohol remains the
most important risk factors for SAH (2).

sequent infarction, particularly present
between 5 and 15 days after the infarc-
tion, which is manifested at about 30%
of patients. The third complication is
the development of acute hydroceph-
alus (15%), while the chronic hydro-
cephalus represent complication at later
stages of the disease. (3).

Vasospasm is reducing blood flow
through the cerebral circulation which
can be seen after aneurysmal SAH and
it is a result of vasoconstriction.

Clinical vasospasm includes ,,de-
ferred ischemic neurologic deficit and
,delayed cerebral ischemia® due to the-
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prolonged vasoconstriction, resulting in an increase in blood
flow velocity (4, 5). The exact mechanism of cerebral vaso-
spasm is not fully known. Hemolysisof erythrocytes in the
subarachnoid spacereleases the substances, spasmogens pri-
marily oxyhemoglobin, which are directly or indirectly re-
sponsible for the development of vasospasm. In addition to
oxyhemoglobin and other substances, such as metabolites of
arachidonic acid, endothelin, free radicals, serotonin, ade-
nosine and oxidative products of bilirubin and the very pro-
cess of inflammation, play a significant role in the develop-
ment of vasospasm, creating an imbalance between vasocon-
strictor and vasodilator mediators (6).

Vasospasm develops in the period from the third to fifth
day after the hemorrhage, and reach its maximum frequency
7- days and usually last for 2-3 weeks. Usually is focal or may
have a diffuse distribution. Death as a result of vazospas-
moccurs in 7% of patients, and the same number of patients
having severe, permanent neurological deficit (7).

Rebleeding occurs in about 35% of cases with a mortality
rate of around 42%. It is believed that the greatest risk of
rebleeding is within 24 hours and that in about 22% of re-
bleeding occurs within the first two weeks (8).

Condition of intracerebral hemodynamics and vasospasm
can be monitoredby TCD method. Sharp increase in mean
blood flow velocities (MBFV) in the first few days after SAH
is associated with poor prognosis (>20 cm/s per day). Studies
show prognostic relevant threshold of increased MBFV in the
ACM by critical MBFV of 120 cm/s or above, a very critical
MBEFV >140 cm/s. Increased blood flow means stronger va-
sospasm and often in these cases appears and consequent isch-
emic neurologic deficit (8-10).

2. GOAL

The goal is to follow the occurrence of vasospasm after
SAH, by the TCD method.

3. MATERIAL AND METHODS

In the study are analyzed 47 patients with SAH. All re-
spondents besides history and neurological examination was
performed CT scan of the brain, which in 2 cases confirmed
SAH, with special reference to the existence of an aneurysm,
hypertension, smoking, etc. TCD method was used to mon-
itor the state of cerebral circulation: on the first day (1 to 4
day) after admission, at the beginning of the second week
(7-12 day) after admission and in the third week following
admission.

4, RESULTS

Our study included a total of 47 patients, or 18 (38.3%)
male and 29 (61.7%) female aged 22 to 64 years, with an av-
erage age of 41.43+1.62 years.

Aneurysm is proven in 29 (61.7%) patients, or in 7 males
(24.1%) and 22 females (75.9%) with the difference that was
statistically significant (X2=6.425; p=0.01; p <0.05) in favor
of women.

Hypertension was present in 32 (68.1%) of patients or in 12
males (37.5%) and 20 females (62.5%), and smoking among 41
(87.2%) of patients or 15 males (36.6 %) and 26 females (63.4%)
patients.

During the first measurement of the mean blood flow ve-
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locity (MBFV) through CS and ACM in most male respon-
dents (88.9%) and female (75.9%) was within the reference
range, and 11.1% of male patients and 24.1% of female pa-
tients had elevated MBFV through CS and ACM during the
first measurement. During the first measurement of the mean
blood flow velocity (MBFV) through ACA and ACP in the
majority of male respondents (88.9%) and female (82.76%) the
values was within the reference range. From total, 11.1% of
male patients and 17.24% female patients had elevated MBFV
through ACA and ACP during the first measurement. In the
first measurement, a total of 9 (19.1%) patients had elevated
MBEFV in CS, as well as the ACM. The ACA elevated values
were observed in 7 (14.8%) patients, and the same percentage
was recorded also in the ACP (14.8%).

During the second measurement of the mean blood flow
velocity (MBFV) through ACM and CS was increased in
100% of male patients, and in the ACA and ACP 94.4% of
male patients had increased values. During the second mea-
surement 100% of female patients had an elevated valueof
MBFV through ACM and CS and 96.5% of female patients
had elevated MBFV through ACA and ACP. In the second
measurement, the total of 47 (100%) of the patients had ele-
vated MBFV through CS, ACA and MCA, and the total of 45
(95.7%) patients in the ACP.

During the third measurement of MBFV through CS,
ACA, ACM and ACP in most (77.8%; 77.8%; 77.8% and
72.3%) of male patient’svalues was in the reference interval.
A larger number of females in the third measurement had
MBFV through CS, ACA, ACM and ACP refence values
(69.0%, 69.0%, 69.0% and 82.8%). In the third measurement
with a total of 13 (27.6%) patients were recorded elevated
MBEFV in CS, ACA and ACM, while elevated in ACP had a
total of 10 (21.2%) patients.

Mean blood flow velocity (MBFV) in the middle cerebral ar-
tery (ACM) during three different measurements is shown in
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Figure 1. Mean blood flow velocity in ACM during three measurements
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Figure 2. Mean blood flow velocity in CS during three measurements
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Figure 3. Mean blood flow velocity in ACA during three measurements

Figure 1. The reference value MBFV the ACM, 62+12 cm/s.

Mean blood flow velocity (MBFV) in the middle ce-
rebral artery (ACM) in the first assessment amounted to
68.85+1.594 cm/s was less than the value MBFV the ACM in
the second (115.53+1.567 cm/s) and third (72.30£2.158 cm/s)
measurement.

Fortified is a statistically significant difference between the
value MBFV the ACM in the first and second (p <0.0001),
second and third (p <0.0001), but not the first and third (p =
202; p>0.05) measurement.

Mean blood flow velocity (MBFV) in the carotid siphon
(CS) during three different measurements is shown in Figure
2. Reference value of MBFV in CS is 54+13 cm/s.

Mean blood flow velocity (MBFV) in the carotid siphon
(CS)in the first assessment amounted to 59.09+1.708 cm/s was
less than the value of MBFV in CS in second (95.04+0.958
cm/s) and third (62.87+1.996 cm/s) assessment.

Determined is a statistically significant difference between
the value of MBFV in CS in the first and second (p<0.0001),
second and third (p<0.0001), but not the first and third
(p=0.153; p>0.05) measurement.

Mean blood flow velocity (MBFV) in the anterior cerebral
artery (ACA) during three different measurements is shown
in Figure 3. The reference value of MBFV in the ACA is
50+12 cm/s.

Mean blood flow velocity (MBFV) in the anterior cerebral
artery (ACA) in the first assessment amounted to 53.81+1.504
cm/s and was less than the value MBFV in the ACA in second
(86.40£1.303 cm/s) and third (59.26+1.694 cm/s) measure-
ment.

Determined is a statistically significant difference be-
tween the value of MBFV in the ACA in the first and second
(p<0.0001), second and third (p<0.0001), but not the first and
third (p=0.18: p>0.05) measurement.

Mean blood flow velocity (MBFV) in the posterior cerebral
posterior artery (ACP) during three different measurements
is shown in Figure 4. The reference value of MBFV in the
ACP is 42412 cm/s.

Mean blood flow velocity (MBFV) in the posterior cerebral
artery (ACP) in the first assessment amounted to 45.13+1.310
cm/s was less than the value of MBFV in the ACP in the
second (73.66+1.211 cm/s) and third (49.28+1.538 cm/s) mea-
surement.

Determined is a statistically significant difference be-
tween the value of MBFV in the ACP in the first and second
(p<0.0001), second and third (p=0.043; p<0.05), but not in
the first and third measurement (p=0.1; p>0.05).
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Figure 4. Mean blood flow velocity in ACP during three measurements

5. DISCUSSION

Our study included a total of 47 patients with SAH, or 18
(38.3%) male and 29 (61.7%) females, aged 22-64 years. With
an average age of men of 42.56+2.79 years, and women of
40.72£2.01 years. Mean age difference between sexes was not
statistically significant and corresponds to the literature by
which SAH occurs predominantly in the most productive age
and is more common in women than men.

Frontera et al. conducted a study on 580 patients with
SAH, of which 68% were female, as percentage share roughly
corresponds to our sample. Compared to the same study the
age structure of our patients is younger. The average age of
patients in our study was 41.43+1.62, while their average ages
of patients was 53 years (11).

Aneurysm was confirmed in 29 (61.7%) of patients, or 7
(24.2%) male and 22 (75.8%) female. The difference in the
prevalence of the aneurysms in patients of different sexes is
statistically significant (X2=6.425; p=0.01; p<0.05).

The literature states that the cause of SAH in 80% of cases
is the rupture of the aneurysm, and the presence of an aneu-
rysm on the basis of sex is in favor of women 3:1 by literature.

Our data also confirm that the aneurysm is the leading
cause of SAH in our patients and that the incidence of aneu-
rysm was two times higher in women.

Hypertension was present in 32 (68.1%) of patients, or 12
(37.5%) male and 20 (62.5%) female.

In their study, Bonita states that the preference for SAH is
three times higher in people who are treated for hyperten-
sion than among people who do not have high blood pres-
sure. The tendency was higher in females but was not statis-
tically significant (p>0.5) (47). Isaksen et al. in their study of
risk factors for SAH state that any increase in systolic blood
pressure of 20 mmHg increases the risk of SAH and that hy-
pertension is an important independent risk factor for aneu-
rysm SAH (12)

Smoking was represented in 41 (87.2%) patients, or 15
males (36.6%) and 26females (63.4%)

In other studies, the ratio of current smokers was signifi-
cantly higher in patients with SAH (73.1%) than in the con-
trol group (41.3%). The same risk factor states Bonita in his
study which involved 115 patients (45 men and 70 women).
For men who are smokers, the risk of SAH was three times
higher in women and even more or gender differences were
not statistically significant (51% of men and 59% of women
were smokers) (12).

Our results also show that smoking in patients with SAH
infection was often.
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We found that the deficit of motor skills (mild hemiparesis),
was present in only 11 (23.4%) patients included in our study
or 4 males (36.4%) and 7 females (63.6%).

The difference in the prevalence of the presence of motor
control deficits in patients of different sexes was not statisti-
cally significant (X2=0.0227, p=0.88; p>0.05).

Deficit motor skills (mild hemiparesis) patients developed
between 8 and 14 days after SAH.

Nakea et all. in his study on 142 patients with SAH, in 28
(19.7%) of patients recorded symptomatic vasospasm in the
form of impairment of consciousness and motor deficits (13).

In his study, with 580 patients, Frontera said that 16% of
patients had symptomatic vasospasm in the form of neuro-
logical deficit (impairment of consciousness, motor deficit)
(11, 13).

However, Dankbar et al. in their study on 37 patients with
SAH state that cerebral perfusion decreases vasospasm, or
neurologic deficit did not result in their patients, although
almost half of their patients had a severe vasospasm (MBFV
>50% of the upper limit) (14).

Our results support the studies referred to motor deficits
as a result of vasospasm because the motor deficit appeared
in the period when we recorded by TCD the largest MBFV
through the arteries of the front basin, especially in the ACM.

In the first measurement, elevated MBFV had 9 (19.1%) pa-
tients in the CS and ACM. Elevated levels in the ACA and
ACP were observed in 7 (14.8%) patients and 20% of the
upper limit for individual vessels front basin.

From baseline 11.1% of men and 24.1% of women had ele-
vated MBFV through ACM and CS during the first measure-
ment. Trough ACA and ACP during the first measurement
11.1% of men and 17.24% of women had elevated MBFV.

In the second measurement, the total of 47 (100%) pa-
tients had elevated MBFV in the ACM, CS and ACA, and 45
(95.7%) patients in the ACP.

MBFV were increased up to 50% of the upper limit at
74.47% of patients, and in 25.53% of patients between 50-
65% of the upper limit.

During the second measurement, the mean blood flow ve-
locity (MBFV) through ACM and CS was increased in 100%
of men, and the ACA and ACP in 94.4% of men. During the
second measurement 100% of female patients had elevated
values of MBFV through ACM and CS and 96.5% of patients
through the ACA and ACP.

In the third measurement with a total of 13 (27.6%) patients
were recorded elevated MBFV in ACM, CS and ACA, while
elevated values in ACP had a total of 10 (21.2%) patients.
MBEFV were increased up to 25% of the upper limit for indi-
vidual vessels of the front basin.

In the third measurement 22.2% of men and 31.0% of
women had elevated MBFV in ACM, CS and ACA, and
27.7% of men and 17.24% women in the ACP.

The obtained values of MBFV through the arteries of the
front basin (CS, ACA, ACM, ACP) show a slight increase of
MBEV up to 20% of the upper limit during the first measure-
ment (first week after admission after stroke). The highest
values MBFV were recorded during the second measure-
ment (at the beginning of the second week after the stroke).
In 35 (74.47%) patients the MBFV was increased up to 50%
of the upper limit, and in 12 (25.53%) patients between 50-
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65% (120-130 cm/s in ACM). Values of MBFV in the third
measurement (third week of SAH) did not exceed 25% of the
upper limit.

This development of changes in MBFV in the arteries of
the front basin corresponds to the information available in
the literature as well as the results of other studies, which de-
scribe that vasospasm develops between the third to fifth days
after the hemorrhage, reaching maximum after 6-9 days and
usually last 2-3 weeks.

Mean blood flow velocity (MBFV) in artery cerebri media
(ACM) in the first assessment amounted to 68.85£1.594 cm/s
was less than the value of MBFV in the ACM in the second
(115.53+1.567 cm/s) and third (72.30£2.158 cm/s) measure-
ment.

Determined is a statistically significant difference be-
tween the value of MBFV in the ACM in the first and second
(p<0.0001), second and third (p<0.0001), but not the first and
third (p= 202; p>0.05) measurement.

The best data to link increased MBFV with vasospasm pro-
vides ACM. Condette et al. proposed, based on its work with
51 patients, the limit of MBFV to detect vasospasm in ACM
of 140 cm/s. They showed that MBFV value of 130 cm/s in
ACM has a sensitivity of 73% and specificity of 100% for the
detection of vasospasm. In another study with 49 patients
using a value of at least 130 cm/s the specificity reached 100%
in detecting vasospasm in ACM (15, 16). In a larger study
with more than 100 patients, MBFV less than 120 cm/s could
reliably predict the absence of vasospasm (negative predic-
tive value of 94%) and MBFV greater than 200 cm/s reliably
to predict moderate to severe vasospasm (positive predictive
value of 87%) (56). Condette Auliac stated that flow through
the ACM directly proportional to the severity of vasospasm
and vasospasm mild with values from 80 to 120 cm/sec, mod-
erate at 130-200 cm/s and severe over 200 cm/s (15).

MBFV in ACM in our patients during the second mea-
surement had a maximum value and was 115.53+1.567 cm/s,
which means that after gradingthe severity of vasospasm
most of our patients had mild vasospasm recorded by TCD in
ACM. MBFV in the ACM, as the most reliable blood vessel
to assess vasospasm, did not exceed the value of >140 cm/s.

Mean blood flow velocity (MBFV) in the carotid siphon
(CS)in the first assessment amounted to 59.09+1.708 cm/s and
was less than the value of MBFV in CS in second (95.04+0.958
cm/s) and third (62.87+1.996 cm/s) measurement.

Determined is a statistically significant difference between
the value MBFV in CS between first and second (p<0.0001),
second and third (p<0.0001), but not the first and third
(p=0.153; p>0.05) measurement.

Vasospasm in the terminal parts of artery carotis interna,
or in the carotid siphon studied several researchers. In a pro-
spective study by Creissard and Proust, report less sensitivity
of TCD (<95%) for detecting vasospasm in CS (16. 17). Older
work with 49 patients have the results of specificity and pre-
dictive value of 100% when the value MBFV exceeded 130
cm/s in the CS (16).

To estimate the severity of vasospasm by MBFV in CS in
our patients the most relevant was in the second measure-
ments (95.04£0.958 cm/s).

Mean blood flow velocity (MBFV) in the anterior cerebral
artery (ACA) in the first assessment amounted to 53.81+1.504
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cm/s and was less than the value of MBFV in the ACA in
second (86.40+1.303 cm/s) and third (59.26+1.694 cm/s) mea-
surement.

Determined is a statistically significant difference between
the value of MBFV in the ACA between the first and second
(p<0.0001), second and third (p<0.0001) but not the first and
third (p=0.18: p>0.05) measurement.

Vasospasm in the ACA can be difficult to detect TCD due
to anatomical characteristics (18, 19). In the study by Suarez
et al. which involved 199 SAH patients, the correlation be-
tween the increased flow recorded in TCD and symptomatic
vasospasm was better in the CS and ACM compared with
ACA (20).

To increase the sensitivity of TCD for the ACA, Vora et al.
suggested that clinicians use both ACA to gain access to vaso-
spasm on both sides (20).

The best correlation MBFV in ACM and severity of va-
sospasm in our patients, we found the second measurement
(86.40+1.303 cm/s).

Mean blood flow velocity (MBFV) in the posterior cerebral
artery (ACP) in the first assessment amounted to 45.13+1.310
cm/s and was less than the value of MBFV in the ACP in the
second (73.66+1.211 cm/s) and third (49.28+1.538 cm/s) mea-
surement.

Determined is a statistically significant difference be-
tween the value of MBFV in the ACP in the first and second
(p<0.0001), second and third (p=0.043; p<0.05) but not in the
first and third measurement (p=0.1 ; p>0.05)

Detection of vasospasm by TCD in ACP tested Wozniak
et al. Difficulty in use of TCD in screening ACA and ACP
in particular is discussed in this study. In a study of 53 pa-
tients had a sensitivity of 48% and specificity of 69% in tech-
nically correct TCD in the limit value MBFV of 90cm/s. If
this value is increased to 110 cm/s specificity is increased to
93% but the sensitivity is low. False positive value of 37% was
attributed to anatomical factors, including occlusion and in-
experience examiners. For ACP and the ACA, it has been
shown that these blood vessels can be certain to confirm the
criteria for vasospasm (21).

In our study MBFV in the ACP had the highest value in
the second measurement (73.66+1.211 cm/s), thus the greatest
prognostic significance.

6. CONCLUSION

SAH is more common in women than men, while predilec-
tion factors for it are aneurysms, hypertension and smoking.

By TCD method were recorded milder elevated blood flow
velocities in the first days after SAH, in about a quarter of
patients, significantly greater increase in blood flow velocity
during the second week in all patients and also less severe in-
crease in blood flow velocity in the third week afterthe SAH
onset in a quarter of patients.

TCD is the method of choice in the evaluation and man-
agement of vasospasm after SAH which allows the preven-
tion of delayed cerebral ischemia.

» Conflict of interest: none declared.
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