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Abstract. – OBJECTIVE: To investigate the di-
agnosis of cerebral vasospasm (CVS) after sub-
arachnoid hemorrhage (SAH) by transcranial Dop-
pler (TCD) sonography.

PATIENTS AND METHODS: 90 patients with 
SAH admitted to the Department of Neurosur-
gery of Weifang People’s Hospital from Jan-
uary 2016 to December 2016 were selected. 
TCD and digital subtraction angiography (DSA) 
were used to diagnose the prevalence of CVS 
in patients. The severity of disease was eval-
uated (improved-Fisher grading). Correlations 
between neurological status (Hunt-Hess grad-
ing) and the prevalence of CVS were analyzed. 
It turned out that the prevalence of CVS was 
87.78% detected by DSA and was 83.33% detect-
ed by TCD, no significant difference was found 
between them (p > 0.05).

RESULTS: The results of TCD showed that the 
gender, age, smoking, alcoholism, and history of 
hypertension had no significant correlations with 
the prevalence of CVS (p > 0.05). Blood flow ve-
locity of patients was significantly higher at 4-6 
days after the occurrence of SAH compared with 
the level at 1-3 days, reached the peak at 7-9 days, 
and decreased at 10-12 days after occurrence. 
Significant differences in the severity of the dis-
ease were found between patients with different 
improved-Fisher grades and different Hunt-Hess 
grades (p < 0.05). The prevalence of CVS was sig-
nificantly increased after SAH (p < 0.05).

CONCLUSIONS: TCD can dynamically detect 
the blood flow velocity of SAH patients, and can 
be used for the prediction and diagnosis of CVS 
after SAH.
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Introduction

As one of the major complications after sub-
arachnoid hemorrhage (SAH), the occurrence 

of cerebral vasospasm (CVS) can significant-
ly increase the disability and mortality rates 
of patients with SAH1,2. It’s generally believed 
that digital subtraction angiography (DSA) is the 
main method for the diagnosis of CVS. Although 
DSA is the gold standard for the diagnosis of va-
sospasm, the technique usually cannot be applied 
repeatedly to patients due to its invasive nature. 
Also, DSA cannot be used to observe cerebral 
blood flow, clinical changes cannot be monitored, 
so the application of DSA is limited3,4. Transcra-
nial Doppler (TCD) sonography is a novel and 
noninvasive technique with the advantages of 
low cost, high reliability, and low risk. TCD can 
be used to monitor cerebral blood flow, so as to 
determine the changes in vascular caliber and 
identify the onset of CVS5-7. This method has 
been widely used in neurosurgery8,9. In this work, 
TCD was performed in 90 patients to determine 
the correlations between the severity of disease, 
neurological status and the prevalence of CVS, so 
as to provide evidence for the prediction and early 
diagnosis of CVS in patients with SAH.

Patients and Methods

Patients
Ninety patients with SAH were selected from 

the Department of Neurosurgery of Weifang Peo-
ple’s Hospital from January 2016 to December 
2016.

Inclusion criteria: 1- Patients with SAH con-
firmed by CT and intracranial aneurysm con-
firmed by DSA; 2- 30 to 70 years old without 
restriction on gender; 3- with responsible an-
eurysm in internal carotid artery system; 4- 
patients signed informed consent.
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Exclusion criteria: 1- blood flow signals cannot 
be detected due to personal reasons; 2- patients 
with posterior circulation aneurysm; 3- pa-
tients combined with severe diabetes or other 
basic disease; 4- patients quitted study or re-
fused to cooperate with the researchers.

Research Methods
Diagnostic methods of CVS: 1- TCD monitoring 

method: TCD instrument used in this study 
was from the EME (Neuenhagen, Germany), 
a continuous-wave Doppler probe with a trans-
mission frequency of 2.4 MHz was used. De-
tailed steps are as follows: TCD was performed 
within 24 h after admission. Middle cerebral 
artery (MCA), anterior cerebral artery (ACA), 
and basilar artery (BA), were detected by the 
probe through bilateral transtemporal window 
and foramen magnum window. Sampling site 
was 4.0 cm-9.0 cm, and the launch area was 
2.0 cm2. The lateral resolution of sampling 
size was 1.5 cm, and the vertical resolution 
was 1.0 cm. Under smooth breathing, the de-
tection time was no less than 1 min to detect 
changes in blood flow velocity. The focus is on 
the blood flow velocity of MCA, and the blood 
flow velocities of vertebral artery (VA), ACA 
and BA. CVS was diagnosed when blood flow 
velocity of MCA was beyond 120 cm/s. 

DSA detection method: The digital subtraction 
angiography (DSA) instrument was from Sie-
mens (München, Germany). The procedure 
was as follows: all patients underwent head 
CT examination to confirm SAH, and DSA 
was performed within 72 h after admission. 
In this study, patients with SAH caused by in-
tracranial aneurysm rupture were subjected to 
DSA examination, followed by internal carotid 
artery or bilateral vertebral artery angiography 
to fully understand the patient’s cerebrovascu-
lar changes. According to the standard of DSA 
in determining cerebral artery spasm, CVS 
was divided into diffuse CVS, peripheral CVS, 
focal CVS and multifocal CVS.

Grading of the Severity of CVS
CVS in patients with SAH was graded accord-

ing to the mean blood flow velocity of MCA: no 
vasospasm, mean blood flow velocity of MCA 
was lower than 120 cm/s; mild vasospasm, mean 
blood flow velocity of MCA was higher than 120 
cm/s but lower than 140 cm/s, and the degree of 
vascular stenosis was less than 25%; moderate 

vasospasm, mean blood flow velocity of MCA 
was higher than 140 cm/s but lower than 200 
cm/s, and the degree of vascular stenosis was 
more than 25% but less than 50%; severe vaso-
spasm, mean blood flow velocity of MCA was 
higher than 200 cm/s, and the degree of vascular 
stenosis was more than 50%.

Improved-Fisher Grading Standards10

Grade 0, no bleeding or only intraventricular 
hemorrhage or intracranial hemorrhage; grade 1, 
only basal cistern hemorrhage; grade 2, periphery 
cistern or Sylvian cistern hemorrhage; grade 3, 
intraventricular hematoma; grade 4, hematomy-
elia in basal cistern, periphery cistern or Sylvian 
cistern.

Hunt-Hess Grading Standards11

I, asymptomatic/mild headache and neck stiff-
ness; II, severe headache, neck stiffness and 
oculomotor palsy; III, mild disturbance of con-
sciousness, lethargy, restlessness and mild brain 
symptoms; IV, hemiplegia, coma, early stage of 
decerebrate rigidity, and autonomic nerve dys-
function; V, deep coma, decerebrate rigidity, en-
dangered state.

Statistical Analysis
SPSS20.0 statistical analysis software (IBM, 

Armonk, NY, USA) was used to process the da-
ta. Measurement data were expressed as mean ± 
standard deviation (±s), and comparisons among 
multiple groups were performed using single-fac-
tor analysis of variance or repeated measures 
analysis of variance, followed by Least Signifi-
cant Difference (LSD) as its post-hoc test. Count 
data were expressed as percentage (%), and the 
comparisons between groups were performed 
using χ2-analysis. p < 0.05 was considered to be 
statistically significant.

Results

Comparison of the Prevalence of CVS 
Determined by two Methods

DSA test identified CVS in 79 out of 90 SAH 
patients and the prevalence was 87.78%. TCD 
test identified CVS in 75 out of 90 SAH patients 
and the prevalence was 83.33%. Although the 
prevalence detected by TCD was lower than that 
detected by DSA, no significant difference was 
found between them (p > 0.05) (Table I; notes: all 
CVS data were from TCD test).
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Effects of Age and Gender on 
Prevalence of CVS

In this study, 90 patients with SAH were includ-
ed: 48 were males and 42 were females; 39 patients 
were between 30-49 years old, and 51 patients 
were between 50-70 years old. TCD test results 
showed that the prevalence of CVS was 81.25% in 
male patients and 85.71% in female patients. No 
significant difference in the prevalence of CVS 
was found between patients with different ages 
and genders (p > 0.05) (Table II).

Effects of Smoking, Alcoholism and 
Hypertension on the Prevalence of CVS

In this work, history of smoking, alcoholism 
and hypertension were found in 46 cases, 35 cases 
and 38 cases of 90 patients with SAH, respectively. 
TCD test results showed that smoking, alcoholism 
and hypertension had no significant effects on the 
prevalence of CVS (p > 0.05) (Table III).

Changes in Blood Flow Velocity in 
Different Time Periods

Blood f low velocity monitoring showed that 
the blood f low velocities of MCA, ACA, BA 

and VA increased gradually after the oc-
curence of SAH, and blood f low velocities 
at 4-6 days after the prevalence were signifi-
cantly higher than those at 1-3 days after the 
occurrence, and blood f low velocities reached 
the peaks at 7-9 days after the prevalence, and 
decreased at 10-12 days after the prevalence. 
Significant differences in blood f low veloc-
ities of MCA, ACA, BA and VA were found 
between different time periods (p < 0.05) 
(Table IV).

The Relationship Between the 
Improved-Fisher Grades and 
the Occurrence of CVS

Improved-Fisher grading results showed that 
15, 30, 26 and 19 patients were graded as 1, 2, 3 
and 4, respectively. Patients with grade 1 and 2 
were mostly found without spasm or with mild 
spasm, while patients with grade 3 and 4 were 
mostly found with moderate and severe spasm. 
Significant differences were found in patients 
with different improved-Fisher grades (p < 0.05) 
(Table V).

Table I. Comparison of the prevalence of CVS determined by two methods.

	Methods	 Cases (n)	 Non-CVS (n)	 CVS (n)	 Prevalence (%)

DSA	 90	 15	 75	 83.33
TCD	 90	 11	 79	 87.78
χ2	 –		      1.035
p	 –		  > 0.05

Table II. Effects of age and gender on prevalence of CVS.

	 Items		  Cases (n)	 CVS (n, %)	 χ2	 p

Gender	 Male	 48	 39 (81.25)	 1.237	 > 0.05
	 Female	 42	 36 (85.71)		
Age (years)	 30-49	 39	 33 (84.62)	 1.505	 > 0.05
	 50-70	 51	 42 (82.35)		

Table III. Effects of smoking, alcoholism and hypertension on the prevalence of CVS.

	 Items		  Cases (n)	 CVS (n, %)	 χ2	 p

Smoking	 Yes	 46	 38 (82.61)	 2.115	 > 0.05
	 No	 44	 37 (84.09)		
Alcoholism	 Yes	 35	 29 (82.86)	 1.034	 > 0.05
	 No	 55	 46 (83.64)		
Hypertension	 Yes	 38	 31 (81.58)	 1.136	 > 0.05
	 No	 52	 44 (84.62)		
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The Relationship Between the 
Improved-Fisher Grades and 
Blood Flow Velocity of MCA

Blood flow velocity of MCA was 46.15 ± 15.22 
cm/s in patients with grade 1. Along with the 
increase in improved-Fisher grades, the blood 
flow velocity of MCA was gradually increased, 
and blood flow velocity of patients with grade 4 
reached 175.74 ± 12.19 cm/s. Significant differ-
ences in blood flow velocity of MCA were found 
between patients with different improved-Fisher 
grades (p < 0.05) (Table VI).

The Relationship Between Hunt-Hess 
Grades and the Occurrence of CVS

Hunt-Hess grading results showed that 14, 25, 
20, 16 and 15 patients were classified as grade 
I, II, III, IV and V, respectively. Patients with 
grade I were usually found without spasm or 
with mild spasm, patients with grade II were 
usually found with mild or moderate spasm, and 
patients with grade III-V were usually found 
with moderate or severe spasm. Significant dif-
ferences in the severity of spasm were found be-
tween patients with different Hunt-Hess grades 
(p < 0.05) (Table VII).

The Relationship Between 
Hunt-Hess Grades and 
Blood Flow Velocity of MCA

Blood flow velocity of MCA was 145.67 ± 
15.16 cm/s in patients with Hunt-Hess grade I. 
Along with the increase in Hunt-Hess grades, 
the blood flow velocity of MCA was gradually 
increased, and blood flow velocity in patients 
with Hunt-Hess grade V reached 183.85 ± 16.17 
cm/s. Significant differences in blood flow ve-
locity of MCA were found between patients 
with different 183.85 ± 16.17 grades (p < 0.05) 
(Table VIII).

Notes: *Compared with 1-3 days after the prevalence, p < 0.05.

Table IV. Changes in blood flow velocity in different time periods.

	Time periods	 MCA (cm/s)	 ACA (cm/s)	 BA (cm/s)	 VA (cm/s)

1-3d	 144.67 ± 15.34	 112.61 ± 10.28	 69.58 ± 7.46	 63.05 ± 5.39
4-6d	 178.69 ± 12.89*	 130.56 ± 9.77*	 76.43 ± 8.12*	 70.15 ± 5.97*
7-9 d	 200.24 ± 11.48*	 144.29 ± 10.36*	 85.27 ± 7.93*	 77.19 ± 6.37*
10-12 d	 106.48 ± 12.38*	 83.63 ± 10.71*	 50.86 ± 6.25*	 55.70 ± 5.11*
F-value	    10.335	   11.276	    18.169	    10.667
p	 < 0.05	 < 0.05	 < 0.05	 < 0.05

Table V. The relationship between the improved-Fisher grades and the prevalence of CVS.

				                           CVS (n, %)

	 Grades	 Cases (n)	 Non-spasm	 Mild spasm	 Moderate spasm	 Severe spasm

Grade 1	 15	 7 (46.67)	   4 (26.67)	   2 (13.33)	   2 (13.33)
Grade 2	 30	 4 (13.33)	 15 (50.00)	   6 (20.00)	   5 (16.67)
Grade 3	 26	 3 (11.54)	 6 (23.08)	 10 (38.46)	   7 (26.92)
Grade 4	 19	 1 (5.26)	   2 (10.53)	 6 (31.58)	 10 (52.63)
F-value			     16.251	 12.695	    15.027	      11.329
p			   < 0.05	 < 0.05	 < 0.05	 < 0.05

Table VI. The relationship between the improved-Fisher 
grades and blood flow velocity. of MCA.

Grades	 Cases (n)	 MCA (cm/s)

Grade 1	 15	 146.15 ± 15.22
Grade 2	 30	 151.49 ± 14.78
Grade 3	 26	 165.33 ± 10.67
Grade 4	 19	 175.74 ± 12.19
F-value	 –	    10.269
p	 –	 < 0.05
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Discussion

As one of the severe complications of SAH, 
the prevalence and mortality rate of CVS are 
both relatively high12. Some neurosurgical spe-
cialists interpret CVS as “persistent contraction 
of the intracranial artery”, while other research-
ers believed CVS was the delayed stenosis of 
brain aorta, which was usually combined with 
the decrease in the infusion of the distal region 
of the affected vessel13-15. Clinical symptoms and 
results of cerebral angiography of the patients are 
the main diagnostic basis for CVS. At present, 
the golden standard for the diagnosis of CVS 
is DSA. However, this approach is an invasive 
examination and cannot be performed repeatedly 
on patients16,17. With the further development of 
ultrasound imaging technology, TCD, as a novel 
and noninvasive inspection technology, has been 
gradually developed. This method can be used to 
dynamically monitor the intracranial blood flow 
in patients, and predict the occurrence and devel-
opment of CVS before the emergence of clinical 
symptoms. In recent years, TCD has been widely 
used in the diagnosis of CVS after SAH18. The 

advantages of TCD include easy operation, high 
safety, noninvasive nature, low-cost and high 
repeatability. It is noteworthy that DSA is still 
the golden standard for SAH and CVS induced 
by SAH19,20. DSA test showed that the prevalence 
of CVS in 90 patients was 87.78%, while TCD 
test showed that the prevalence was 83.33%. No 
significant difference was found between them, 
indicating the high reliability of TCD in the di-
agnosis of CVS.

Results of TCD test showed that the gender, 
age, smoking, alcoholism, and hypertension had 
no significant correlation with the prevalence  
of CVS (p > 0.05). Hemodynamic tests showed 
that blood flow velocities of MCA, ACA and BA 
and VA were gradually increased after SAH; the 
blood flow velocities at 4-6 days after SAH were 
significantly higher than those at 1-3 days after 
SAH; the peaks were reached at 7-9 days after 
SAH, followed by a decrease at 10-12 days after 
SAH. Those data indicate a rule in the changes of 
blood flow velocity. It can be concluded that TCD 
can be used to determine the changes of cerebral 
vascular hemodynamics in patients with SAH, 
and thus play a role in the diagnosis of CVS after 
SAH. The results provided by TCD can be used 
as important basis for follow-up treatment.

There are a variety of clinical grading methods 
for patients with SAH, and those grading methods 
are usually based on meningeal irritation symp-
toms, headache, neurological status and state of 
consciousness21. Clinical grading is extremely 
important for the evaluation of surgical risk and 
medical outcomes. Hunt-Hess grading is the most 
commonly used method in the clinical prac-
tice22,23. Results of this study showed that there 
were significant differences in severity of disease 
between patients with different Hunt-Hess grades 
(p < 0.05). Those data suggest that poor neurolog-

Table VII. The relationship between the improved-Fisher grades and the prevalence of CVS.

				                          CVS (n, %)

	 Grades	 Cases (n)	 Non-spasm	 Mild spasm	 Moderate spasm	 Severe spasm

Grade I	 14	 7 (50.00)	 4 (28.57)	 2 (14.29)	 1 (7.14)
Grade II	 25	 3 (12.00)	 10 (40.00)	 11 (44.00)	 1 (4.00)
Grade III	 20	 2 (10.00)	 7 (35.00)	 5 (25.00)	 6 (30.00)
Grade IV	 16	 2 (12.50)	 4 (25.00)	 2 (12.50)	 8 (50.00)
Grade V	 15	 1 (6.67)	 2 (13.33)	 4 (26.67)	 8 (53.33)
F-value	 –	    10.205	    12.601	    12.928	    11.527
p	 –	 < 0.05	 < 0.05	 < 0.05	 < 0.05

Table VIII. The relationship between Hunt-Hess grades 
and blood flow velocity of MCA.

Grades	 Cases (n)	 MCA (cm/s)

Grade I	 14	 145.67 ± 15.16
Grade II	 25	 150.78 ± 12.33
Grade III	 20	 164.59 ± 13.72
Grade IV	 16	 170.06 ± 14.20
Grade V	 15	 183.85 ± 16.17
F-value	 –	    15.148
p	 –	 < 0.05
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ical function of patients with SAH can increase 
the prevalence of primary and secondary brain 
damages after intracranial aneurysm ruptures. 
In addition, cerebrovascular self-regulation will 
be seriously affected, eventually leading to the 
occurrence of CVS through a series of com-
plex pathophysiological mechanisms. After SAH, 
erythrocytes and blood disintegration products 
in subarachnoid can accelerate the prevalence 
of CVS24. It’s generally believed that bleeding 
can affect the development of CVS in patients 
with SAH. At present, Fisher grading method is 
mostly used in the grading of bleeding of patients 
with SAH25,26. In this investigation, there were 
significant differences in the severity of CVS 
between patients with different improved-Fisher 
grades (p < 0.05), and the prevalence of CVS 
after SAH was significantly increased with the 
increase in improved-Fisher grades (p < 0.05). 
The possible explanation is that the production of 
endothelin and other vasoconstrictor substances 
after SAH can stimulate the blood vessels, which 
in turn lead to the occurrence of vasospasm27. 
TCD and CT examinations are needed to be 
performed immediately after the occurrence of 
SAH. The combination of CT scanning results 
and the changes in cerebral blood flow velocity 
can be used to guide clinical practices. Proper 
treatment should be performed for patients with 
severe subarachnoid hemorrhage to delay the 
development of CVS and reduce the risk of the 
prevalence of other complications.

Conclusions

We observed that TCD is a novel and noninva-
sive technique that can be used to monitor CVS. 
TCD can be used to monitor blood flow velocity 
of patients with SAH, so as to determine the 
spasm of the affected cerebral blood vessels and 
can be used for the prediction and diagnosis of 
CVS after SAH.
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