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Transcranial Doppler for vasospasm
diagnosis

Transcranial Doppler, which is still recommended for arterial vasospasm by the American Heart
Association Management Guidelines for SAH, has a number of limitations like operator dependence
and interobserver variability, inadequate acoustic windows in 10% of patients, but, much more
important, high variability of TCD vasospasm criteria in the literature as well as highly controversial
results 1) 2).

However, in a number of cases TCD vasospasm could be identified and proven by DSA; therefore TCD
should not be neglected from clinical routine 3)

Criteria

Mild, 120-140 cm/s

Moderate, 141-200 cm/s

Severe,>200 cm/s.

The following TCD values were considered pathological: mean blood flow velocity of the middle
cerebral artery (MCA) >120 cm/s and mean blood flow velocity of the anterior cerebral artery (ACA)
>50 cm/s Lindegaard index >3.

Although current US guidelines support the use of TCD for the diagnosis of vasospasm in aSAH, its
routine application nationally is far from widespread 4) 5) 6).

Transcranial Doppler provides a noninvasive method for recording blood flow velocity (and indirectly,
diameter) in the basal cerebral arteries and therefore is especially useful in detecting vasospasm
following subarachnoid hemorrhage. Vasospasm most commonly involves the basal arteries, where
the changes in vessel diameter will be inversely proportional to the mean velocity measurements.
Examination of patients requires that the examiner be experienced and familiar with the vascular
anatomy and the various TCD indicators of vasospasm. Normal mean velocity for the MCA is 62 +/- 12
cm/sec. Significant spasm on angiogram of the MCA corresponds to a mean velocity of 120 cm/sec.
Mean velocities of the MCA of 200 cm/sec or greater indicate severe spasm and correlate with 50% or
greater narrowing on angiogram. Cerebral blood flow changes that can occur after subarachnoid
hemorrhage and as a result of vasospasm may affect velocity values. A simultaneous index of CBF
with either direct flow measurement techniques or by recording extracranial carotid artery velocity
measurements may be helpful in reflecting these changes. Knowledge of the time course of the
development and resolution of vasospasm using TCD can help the clinician predict which patients are
at higher and lower risk of developing ischemic deficits, thereby guiding treatment. Several features
of TCD assessment of vasospasm are similar to angiography. High TCD velocities, like severe
angiographic vasospasm, are associated with delayed ischemic deficits and infarction, although some
patients can remain asymptomatic despite these changes. Delayed ischemic deficits or infarctions in
patients following subarachnoid hemorrhage usually will be preceded by markedly elevated velocity
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or other indicators of severe vasospasm 7).

Transcranial Doppler (TCD) is widely used as a daily routine method to detect vasospasm in patients
after aneurysmal subarachnoid hemorrhage (aSAH).

The reliability of transcranial Doppler ultrasound was better at detecting high mean cerebral blood
flow velocities in patients with symptomatic vasospasm related to middle cerebral and internal carotid
artery distributions than for anterior cerebral artery distribution. Transcranial Doppler ultrasound was
as sensitive as cerebral angiography at detecting symptomatic vasospasm. High mean cerebral blood
flow velocities can be apparent before the presence of symptomatic vasospasm. Daily transcranial
Doppler ultrasound monitoring could provide early identification of patients with aneurysmal
subarachnoid hemorrhage who are at high risk for symptomatic vasospasm and may be helpful at
following success of endovascular treatment 8).

All patients included in a study received a standardized diagnostic and treatment protocol. 50
patients admitted with aSAH from 01/2013 to 12/2013 received daily TCD measurements. 39 patients
admitted from 01/2014 to 09/2014 received no TCD measurements. Data on clinical grade (HUNT +
HESS grade), severity of bleeding (BNI grade), localisation of aneurysm and angiographic or clinically
relevant vasospasm were prospectively collected. The GOS, mRS and the NIHSS were used as clinical
outcome parameters.

Patient baseline characteristics and clinical data were comparable; treatment modality of the
aneurysm was not different between the groups (p = 0,7756). No significant difference between the
Hunt and Hess grade (p = 0,818) and the BNI grade (p = 0,1551) was observed. There was also no
significance concerning the incidence of angiographic or clinically relevant vasospasm between both
groups (p = 0,5842 and p = 0,7933). GOS, mRS and NIHSS as the primary outcome parameters
showed no significant difference in morbidity and mortality between both groups (mortality p =
0,8544).

With the limitation of an explorative cohort study the results indicate that routine TCD studies do not
improve the overall outcome of patients after aSAH 9).

The ipsilateral to contralateral middle cerebral arteries (I/C mBFV) demonstrated a more significant
correlation to vasospasm than the absolute mean flow velocity 10).

Case series

1999

The purpose of this study was to determine the correlation between transcranial Doppler (TCD)
velocities and angiographic vasospasm after aneurysmal subarachnoid hemorrhage.

METHODS: In the first part of this study, patients were retrospectively reviewed to correlate middle
cerebral artery absolute blood flow velocities with angiographic vasospasm. In the second part of the
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study, the middle cerebral artery/ipsilateral extracranial internal carotid artery velocity ratio
(Lindegaard ratio) was prospectively correlated with angiographic vasospasm. Angiographic
vasospasm was independently graded, by observers blinded to the TCD results, as either none, mild
(less than one-third artery luminal narrowing), moderate (one-third to one-half narrowing), or severe
(more than one-half narrowing). The sensitivity, specificity, likelihood ratios for positive and negative
TCD results, positive and negative predictive values, and kappa and P values were calculated.

RESULTS: One hundred one patients were analyzed in the first part of the study, and 44 patients were
analyzed in the second part. Interobserver agreement regarding angiographic vasospasm was good
(kappa = 0.86). Despite significant correlation between mean velocities and the degree of
vasospasm, the clinical dependability of TCD velocities (evaluated using predictive values and
likelihood ratios) was limited. The positive predictive value of velocities of > or =200 cm/s for
moderate/severe angiographic vasospasm was 87% but that of lower velocities was approximately
50%. The negative predictive value of velocities of <120 cm/s was 94% but that of higher velocities
was approximately 75%. Only the likelihood ratios for velocities of <120 or > or =200 cm/s were
useful (likelihood ratio for negative result = 0.17, likelihood ratio for positive result = 16.39). Overall,
57% of patients exhibited maximum velocities in the indeterminate range between 120 and 199 cm/s.
Lindegaard ratios did not improve the predictive value of TCD monitoring.

CONCLUSION: For individual patients, only low or very high middle cerebral artery flow velocities (i.e.,
<120 or > or =200 cm/s) reliably predicted the absence or presence of clinically significant
angiographic vasospasm. Intermediate velocities, which were observed for approximately one-half of
the patients, were not dependable and should be interpreted with caution 11).

1995

In 40 patients middle cerebral artery trunk (M1) flow velocity was recorded just before 54 carotid
angiography in 54 cases exhibiting vasospasm after aneurysm rupture. Angiographic vasospasm
distribution was studied; cases of symptomatic vasospasm were noted and were compared with
transcranial Doppler data. Angiographic vasospasm was present in M1 in 41/54 carotid angiograms.
Postulating that all the cases of M1 angiographic vasospasm should be identified by transcranial
Doppler, the theoretical sensitivity of TCD was 76%. In this series however the real sensitivity of TCD
in vasospasm diagnosis was only 70%: besides 13 cases where vasospasm was not present in M1
(mainly after ACoA Aneurysm rupture), TCD failed to identify 3 cases of M1 angiographic vasospasm.
Vasospasm may not be located in M1 even when severe and symptomatic (4 cases in this series).
Transcranial Doppler remains a mediocre tool for identifying vasospasm after anterior communicating
artery aneurysm rupture (sensitivity: 55%). Its reliability is better after internal carotid aneurysm
rupture (sensitivity: 72%) and excellent after middle cerebral artery aneurysm rupture (sensitivity:
93%). In order to test the drugs or methods used to prevent or combat vasospasm, angiography has
to be considered when during the vasospasm risk period TCD does not demonstrate vasospasm in M1,
either in patients in whom clinical deterioration is occurring without other obvious explanation, or in
all patients 12).

1994

A retrospective analysis was undertaken to determine whether cerebral vasospasm following
subarachnoid haemorrhage (SAH) correlates with the age of patients. For at least 3 weeks after
bleeding 80 subjects underwent very close follow-up with clinical examination and transcranial
Doppler records of the blood velocities within the basal cerebral arteries. Firstly a correlation between
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measured maximal mean blood flow velocities and age was made. Secondly, according to their age
and the maximum of recorded mean velocities (v), the patients were divided into groups as follows:
age 55 years or less, age more than 55 years; and maximum velocity v1 < 90 cm/s, 90 cm/s < v2 <
120 cm/s, 120 cm/s < v3 < 160 cm/s, v4 > 160 cm/s. There was a significant correlation of the
measured maximum mean velocities and the age of the patients (r = -0.525, p < 0.01). With regard
to the velocity groups there was a significant (chi-squared statistic for contingency tables, p < 0.01)
difference between both age-groups: 32% (n = 18) of the younger fell into group v4 with maximum
mean velocities of more than 160 cm/s, but none of the older had such. Vice versa, 63% (n = 15) of
the older compared with only 14% (n = 8) of the younger fell into group v1 with maximum mean
velocities of less than 90 cm/s. Clinical follow-up also depicted differences between both age groups.
13 of 18 younger patients with maximum mean velocities > 160 cm/s exhibited symptomatic
vasospasm with a delayed neurological deficit. This typical course did not occur in the older age group
13).
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