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BACKGROUND AND PURPOSE: It would be useful to have a noninvasive test for correlation
with CT findings in patients with intracerebral hemorrhage (ICH). We determined which
transcranial Doppler (TCD) variables are related to which CT data in patients with ICH.

METHODS: We prospectively included 51 patients (age � SD, 66.2 � 12.4 years; 30 men, 21
women) with first-ever supratentorial, nontraumatic ICH. CT and TCD examination were
performed in the acute stage (less than 12 hours from symptom onset). TCD recordings were
obtained from the middle cerebral arteries, and the following variables were analyzed: systolic
(Vs), diastolic (Vd), mean (Vm) velocities, and pulsatiliy index from the affected (a) and
unaffected (u) hemispheres.

RESULTS: PIs obtained for both hemispheres were positively correlated with hematoma
volume (aPI, r � 0.43, P � .001; uPI, r � 0.44, P � .001), volume of hypoattenuation (aPI r �
0.64, P < .0001; uPI, r � 0.39, P � .005), total volume (aPI, r � 0.59, P < .0001; uPI, r � 0.48,
P < .0001), and midline shift (aPI, r � 0.28, P � .04; uPI, r � 0.29, P � .03). Both PIs were
increased in patients with intraventricular hemorrhage (aPI, P � .01; uPI P � .004). No TCD
parameter was correlated with ventricular size.

CONCLUSION: Most TCD parameters were correlated with CT data in the acute stage of
ICH. An increase in PI probably reflects intracranial hypertension and mass effect. Further
studies are needed to determine the clinical application of our findings.

Acute spontaneous intracerebral hemorrhage (ICH)
is a disease with a 23–58% mortality rate within 6
months (1). Half of the deaths occur during the first
2 days (2) of the onset of the ICH and are attributable
to intracranial hypertension and mass effect. The
most important predictors of outcome are the Glas-
gow Coma Scale score and the volume of hematoma
(1). Other CT abnormalities, such as ventricular en-
largement and secondary intraventricular hemor-
rhage, have also been prognostic (3–5).

The sudden eruption of an intracranial mass de-
stroys and displaces brain tissue and can induce an
increase in intracranial pressure (ICP). Recent data
indicate that ICH is a dynamic disease. During the
first hours or days following appearance of the pri-

mary lesion, some patients have hematoma growth,
perilesional edema, perilesional ischemia, hydroceph-
alus, or secondary intraventricular hemorrhage (6–
8). All of these complications potentially increase ICP
and mass effect, finally resulting in neurologic dete-
rioration. However, the information that CT provides
is static. As a result, it is not practical to perform
frequent control CT studies in these patients. Al-
though invasive devices can be used to monitor the
ICP, the procedure has some risks (e.g., infection and
tissue lesion) and pitfalls (e.g., those variability inher-
ent to the technique, displacement, unilateral infor-
mation). Moreover, the value of this approach in the
management of ICH is equivocal (9–12). In view of
these limitations, it would be useful to have a nonin-
vasive test that can be used for correlation with CT
and that provides dynamic information for reliable
treatment and prognosis.

Increased ICP and decreased cerebral perfusion
pressure (CPP) give rise to typical changes in the
Doppler waveform obtained by transcranial in-
sonation (i.e., a decrease of diastolic velocity and an
increase in the pulsatility index [PI]) (13–15). Trans-
cranial Doppler (TCD) could be useful for noninva-
sively and indirectly assessing mass effect and ICP in
ICH. Data on the relation of radiologic data to one or
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more specific TCD variables are sparse. In one study
(16), the PI obtained from the unaffected hemisphere
was an independent predictor of mortality in acute
ICH. In response to the lack of information, we stud-
ied the hematoma volume and other CT data, along
with TCD findings, in a prospective series of patients
in the acute stage of ICH.

Methods

Patients
This study was conducted at a university hospital that pro-

vides neurosurgical, neuroradiologic, and intensive care assis-
tance in addition to neurologic evaluation. Therefore, it is a
referral center for the care of patients with ICH.

We included patients whose symptoms began within 12
hours from the time they were included in the study. Their
symptoms were attributable to a first-ever supratentorial, sin-
gle, nontraumatic ICH, as diagnosed on cranial CT. We ex-
cluded patients who needed emergency surgical evacuation,
those with a nonsuitable temporal acoustic bony window, and
those with an imprecise time for the onset of symptoms. Also
excluded were patients with previous clinical cerebrovascular
disease (ischemic or hemorrhagic), epidural or subdural hema-
toma at initial CT, and those for whom the investigating team
was not contacted. As it is difficult to know the cause of such
hemorrhage in the first hours, all etiologies were included.

Our hospital Ethics Research Committee approved the
study protocol. In addition, patients or their legal representa-
tives gave written consent to participate. Patients were treated
according to a previously approved protocol written jointly by
neurologists, neurosurgeons, and intensive care specialists at
our hospital. Glasgow Coma Scale and National Institute of
Health and Stroke (NIHS) Scale scores were obtained.

CT Evaluation
For consistency and reliability, the same neuroradiologist

(E.G.) analyzed all of the CT scans blinded to the clinical and
TCD data. Axial 5-mm-thick contiguous sections were obtained
from the supratentorial region, while 3-mm-thick contiguous
sections were obtained from the infratentorial fossa. CT scans
were stored in the hard disk of the CT apparatus (Asteion;
Toshiba, Nasu, Japan). Quantitative data were obtained with
the aid of computer-assisted measurements provided by the CT
apparatus.

In each CT examination, the following information was
obtained: 1) topography, which was classified as lobar or
deep; 2) hematoma volume, which was calculated according
to the (A � B � C)/2 method applied to the hyperattenu-
ating lesion (2), 3) perilesional hypoattenuation, which was
also calculated by applying the (A � B � C)/2 method to the
hypoattenuating area surrounding the hyperattenuating le-
sion and by subtracting from this value the hematoma vol-
ume; 4) total volume, which was calculated as the sum of the
hyperattenuating and hypoattenuating volumes; and 5) mid-
line shift, which was assessed by calculating the lateral dis-
placement (in centimeters) from the midline of the septum
pellucidum, the third ventricle, or the pineal gland (A line
was traced from the anterior insertion of the falx cerebri to
the torcula, and the midline shift was calculated at the most
displaced midline structure.); 6) ventricular size, which was
calculated according to the Evans ventricular ratio, or the
ratio between the maximum spread of ventricular horns to
the breadth of cranial cavity (17); and 7) intraventricular
hemorrhage. Irrespective of its amount or localization, any
intraventricular hyperattenuating image not attributable to
calcification or choroid plexus was considered evidence of
intraventricular hemorrhage.

TCD Protocol
We used a portable TCD instrument (Multi-Dop2; DWL

Elektroniche Systeme GmbH, Baden-Württenberg, Germany).
Both middle cerebral arteries (MCAs) were insonated. These
arteries were chosen because they provide 80% of the hemi-
spheric blood flow, and it is easy to detect the flow due to the
spatial orientation in relation to the probe. TCD examination
was performed as soon as possible after the CT diagnosis was
available, and always within 12 hours of the onset of symptoms.

The MCA were examined through the temporal acoustic
window at a depth of 45–55 mm with the patient in the supine
position. The MCA from the unaffected hemisphere was ex-
amined first, and then the MCA ipsilateral to the hematoma
was examined. When a clearly readable waveform was ob-
tained, it was used in the calculations. The spectra cycles
contained in a 6-second frame were analyzed. If all of the
spectra were technically interpretable, the time-averaged re-
sults automatically calculated by the machine were considered
reliable.

The following variables were analyzed: systolic (Vs), dia-
stolic (Vd), mean (Vm) velocities, and PI from the affected (a)
and unaffected (u) hemispheres. However, when results of one
or more cycles were not interpretable, the measurements were
calculated from the best spectra on the printed paper or on the
monitor screen. Vm was calculated according to the equation
Vm � (Vs � Vd)/3 � Vd, and PI was calculated according to
the formula PI � (Vs � Vd)/Vm. Normal values for PI � SD
were 0.98 � 0.2 (18).

Statistical Analysis
The statistical analyses included the following CT data: he-

matoma volume, volume of hypoattenuation, total volume,
midline shift, ventricular ratio, and intraventricular hemor-
rhage (yes/no). Continuous variables were correlated with the
eight TCD variables: four on the affected side, or aVs, aVm,
aVd, and aPI, and four on the unaffected side, or uVs, uVd,
uVm, and uPI. Pearson correlation coefficients were obtained.
For binary variables, the mean and SD of the eight TCD
variables were compared in the two groups with the Student t
test. Because of the large SD detected in the CT data, we
performed the Kolmogorov-Smirnov test to determine if these
variables were normally distributed. In addition, we analyzed
the same variables with nonparametric statistical tests (Spear-
man correlation and Mann-Whitney test). A result was consid-
ered statistically significant when P � .05. The statistical anal-
yses were performed with the aid of SPSS version 10 software
(SPSS, Chicago, IL).

Results
During a 2-year period, 138 consecutive patients

received a diagnosis of spontaneous supratentorial
ICH. Patients were excluded for the following rea-
sons: emergency evacuation of hematoma (n � 7),
admission after 12 hours from the onset of symptoms
or an unknown time of onset (n � 29), deficient
acoustic window (n � 5), previous cerebrovascular
disease (n� 11), or contact with the investigator team
after the 12-hour window (n � 17). In addition, 16
patients were excluded because they died before TCD
study was performed, and two patients were excluded
because of diagnostic errors. Therefore, this study
consisted of 51 patients (30 men, 21 women), whose
mean age was 66.2 � 12.4 years.

First CT was performed a mean of 190 � 173
minutes (range, 15–702 minutes) after the onset of
symptoms, while the first TCD study was performed
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after a mean of 340 � 219 minutes (range, 60–720
minutes) after the onset of symptoms. Suspected eti-
ologies were high blood pressure (n � 29), anticoag-
ulant therapy (n � 2), other coagulation abnormali-
ties (n � 2), arteriovenous malformation (n � 1),
tumor (n � 1), other etiologies (n � 2), and unknown
(n � 14). The median Glasgow Coma Scale score was
14, while the median NIHS Scale score was 17. The
mortality rate at 30 days was 33% (n � 17).

Data from acute CT are shown in Table 1. About
25% of the patients had hematomas of more than 50
mL, and the range of hematoma volume was wide
(0.05–344 mL). Secondary intraventricular hemorrhage
was present in 55% of the patients. The TCD data are
shown in Table 2. Values were comparable in the af-
fected and unaffected hemispheres (Student t test).

Mean PI in the acute stage was clearly above nor-
mal values in both hemispheres. Table 3 and Figure 1
shows the relationships between quantitative CT vari-
ables and TCD data obtained with Pearson correla-
tion coefficient. We found a positive correlation be-
tween the PI from both hemispheres and the volume
of hematoma (aPI, r � 0.43, P � .001; uPI, r � 0.44,
P � .001), the hypoattenuating volume surrounding
the hematoma (aPI, r � 0.64, P � .0001; uPI, r � 0.39,
P � .005), total volume (aPI, r � 0.59, P � .0001; uPI,
r � 0.48, P � .0001), and midline shift (aPI, r � 0.28,
P � .04; uPI, r � 0.29, P � .03). Vd from the affected
hemisphere was negatively correlated with the vol-
ume of hypoattenuation (r � �0.32, P � .02) and the
total volume (r � �0.32, P � .02). No statistically
significant correlations were found between systolic
or mean velocities and any of the CT data. No TCD
variable was correlated with the ventricular ratio, and
TCD results were equivalent in patients with deep or

lobar ICH. Level of consciousness measured with the
Glasgow Coma Scale was negatively correlated with
aPI (r � �0.53, P � .0001) and uPI (r � �0.61, P �
.0001). Neurologic severity measured with the NIHS
scale showed a positive correlation with the PI from
both hemispheres (aPI, r � 0.52, P � .0001; uPI, r �
0.55, P � .0001).

Table 4 shows the comparison of TCD variables
between the group with and the group without intra-
ventricular hemorrhage. Both aPI and uPI were sig-
nificantly higher in the group with intraventricular
hemorrhage (aPI, P � .01; uPI P � .004). Vd from the
affected hemisphere was lower in patients with intra-
ventricular hemorrhage (P � .03). Mean and systolic
velocities did not show differences in patients with or
without intraventricular hemorrhage. Figure 2 pre-
sents an example of the TCD and CT results in one
representative patient.

The Kolmogorov-Smirnov test showed that the dis-
tribution of all CT data were not normal. Therefore,
we evaluated the data by using nonparametric analy-
ses that also showed the following correlations: vol-
ume of the hematoma (aPI, r � 0.61, P � .0001; uPI,
r � 0.56, P � .0001); volume of hypoattenuation (aPI,
r � 0.56, P � .0001; uPI, r � 0.45, P � .001; and aVd,
r � �0.31, P � .02); the total volume (aPI, r � 0.66,
P � .0001; uPI, r � 0.58, P � .0001; aVd, r � �0.36,
P � .008; and uVd, r � �0.30, P � .03); and the
midline shift (aPI, r � 0.50, P � .0001; uPI, r � 0.50,
P � .0001; and aVd, r � �0.34, P � .01). Patients with
intraventricular hemorrhage had significantly higher
aPI (P � .01) and uPI (P � .03) than those of patients
without intraventricular hemorrhage.

Discussion

By insonating the MCA in patients during the acute
stage of ICH, we found that TCD data are related to
CT data. Considering all of the patients, we found an
increase of mean PI in both hemispheres in the acute
stage. We also found that the PI obtained from the
affected and unaffected hemispheres were correlated
with those CT signs associated with mass effect: vol-
ume of the hematoma, volume of surrounding edema,
total volume, midline shift, and intraventricular hem-
orrhage. TCD measurements that were most often
correlated with the CT data were either an increase of
the PI (aPI or uPI) or a decrease in the Vd. In fact, as
the PI was obtained by the ratio (Vs � Vd)/Vm, the
decrease in Vd made the numerator higher and the
denominator lower, increasing the value of the PI.

Early mortality in patients with ICH is sometimes
related to an increase of ICP and mass effect, whereas
death in the chronic stage is often attributed to respi-
ratory infections or other consequences of immobility
(19, 20). Accordingly, hematoma volume (the main
cause of increased ICP) and decreased level of con-
sciousness (a consequence of increased ICP) are the
main predictors of outcome in ICH. Experimental
studies have found immediate and sustained increases
in ICP after an ICH (21, 22). These findings have

TABLE 1: CT data from the acute stage of ICH

A: Topography and
hemorrhage n

Percentage
(%)

Topography
Lobar 19 37
Deep 32 63

Intraventricular hemorrhage 28 55
B: Volume, shift, and ratio Mean � SD Range
Hematoma volume (mL) 51.7 � 70.4 0.05–344
Edema volume (mL) 28.4 � 38.1 0–210.5
Total volume (mL) 80.1 � 93.7 0.28–348
Midline shift (cm) 0.56 � 0.79 0–4
Ventricular ratio 0.23 � 0.04 0.11–0.33

TABLE 2: TCD results in the acute stage of ICH

Result Mean � SD

aVs (cm/s) 79.2 � 36.0
aVd (cm/s) 19.7 � 11.1
aVm (cm/s) 35.6 � 16.5
aPI 1.85 � 0.87
uVs (cm/s) 81.2 � 34.2
uVd (cm/s) 22.8 � 13.6
uVm (cm/s) 39.6 � 18.0
uPI 1.62 � 0.93
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been confirmed in clinical studies in which high ICP
and mass effect were recorded after stroke (12, 23).

Our results agree with those of several authors who
found that the progressive increase in ICP and de-
crease in CPP induce characteristic changes in the
Doppler waveform (10, 13–15, 24, 25): a progressive
decrease of Vd and a progressive increase in PI, which
is more marked with ICP above 60 mmHg (15). The
reduction in Vd is accounted for by the increase in
peripheral cerebrovascular resistance, which is deter-
mined mainly by the ICP and the diameter of the
arterioles (26). As a consequence, TCD has been
used to indirectly estimate ICP and CPP in patients
with severe head injuries (10, 14, 25–29). These ex-
perimental studies demonstrate a high correlation
between ICP and PI, either linear or exponential, and
an inverse correlation between CPP and PI (14, 15,
29). Therefore, some authors have used TCD to mon-

itor the effect of different therapies (30, 31). An
alternative explanation for an increase in PI is vaso-
spasm, but this is unlikely in spontaneous ICH. In our
study, the PI from both hemispheres was correlated
with the hypoattenuating area surrounding the hema-
toma. Although the exact composition of this perihe-
matoma hypoattenuation in the acute stage is contro-
versial, our finding indicates that it also contributes to
intracranial hypertension (as it is correlated with an
increase in PI).

Few groups have analyzed the correlations between
TCD and CT data in spontaneous ICH. Mayer et al
(32) examined 30 patients with supratentorial ICH
and found an elevation of aPI, the aPI/uPI ratio, and
uPI in hematomas larger than 25 mL. We also found
that the PI obtained from both hemispheres were
directly correlated with the volume of the hematoma,
the volume of edema, and the total volume and that
the PI was higher in patients with secondary intraven-
tricular hemorrhage. Our study is not entirely com-
parable to that of Mayer et al, because they included
patients admitted within 24 hours of symptom onset
(vs. 12 hours in our series), they excluded patients
with Glasgow Coma Scale scores between 3 and 5,
and TCD examination was performed after consider-
able delay (on either the first or second day of hos-
pitalization). Moreover, our series included larger
hematomas, and we did not dichotomize the hema-
toma volumes. Despite these differences, it is conspic-
uous that our results agree with those of Mayer et al.

Our study has some limitations. We studied only
the MCA, but we do not know how relevant the TCD
findings from other arteries of the anterior or poste-
rior circulation are. We chose the MCA because find-
ings were easily obtainable and because MCA carries
80% of the blood flow to the hemispheres of the
brain. TCD values change depending on the hemat-
ocrit, pCO2, systemic blood pressure, and autoregu-
latory capacity. However, these variables affect
mainly flow velocities and their ratios (such as PI),
although to a lesser degree. Recent findings suggest
that autoregulation is preserved in ICH (33). Our
data are based on a single TCD examination, but
because of the broad interindividual variability of
measured TCD parameters, it would be interesting to
follow up individual subjects over time to see if a
change in any CT and clinical parameter is correlated
with a change in a TCD parameter. We assumed that
the TCD changes provoked by ICH were related to
intracranial hypertension. However, we did not mea-

FIG 1. Scatterplot shows the correlation between hematoma
volume, volume of hypoattenuation, and total volume with PI in
the affected and unaffected hemispheres of the brain.

TABLE 3: Relationship between TCD and quantitative CT variables

Variable

Hematoma Volume
Hypoattenuating

Volume Total Volume Midline Shift Ventricular ratio

r P Value r P Value r P Value r P Value r P Value

aVd (cm/s) �0.25 .07 �0.32 .02 �0.32 .02 �0.24 .08 0.01 .93
aPI 0.43 .001 0.64 �.0001 0.59 �.0001 0.28 .04 �0.23 .09
uVd (cm/s) 0.19 .16 �0.24 .08 �0.24 .07 �0.14 .29 �0.11 .41
uPI 0.44 .001 0.39 .005 0.48 �.0001 0.29 .03 �0.05 .70

Note.—Data were analyzed by using the Pearson correlation coefficient.

TABLE 4: Comparison of mean � SD TCD parameters with binary
CT variables

Intraventricular Hemorrhage

Yes (n � 28) No (n � 23) P Value

aVd (cm/s) 16.7 (10.7) 23.4 (10.6) .03
aPI 2.12 (0.96) 1.53 (0.62) .01
uVd (cm/s) 20.9 (15.2) 25.2 (11.2) �.05
uPI 1.94 (1.13) 1.24 (0.33) .004
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sure the ICP, realizing that TCD really measures the
flow dynamics related to intracranial compliance. Fi-
nally, we acknowledge that the variance of most CT
data explained by the TCD results is rather low.

Our results suggest that TCD indirectly assesses
intracranial hypertension and mass effect. Except for
ventricular size, all CT parameters indicating mass
effect or intracranial hypertension were correlated to
some degree with TCD measurements. Obviously,
TCD is not a substitute for urgent scanning in pa-
tients in deteriorating condition, but it has the advan-
tage of high temporal resolution, as well as noninva-
siveness. It is relatively easy to perform at the bedside
and at frequent intervals (or with continuous moni-
toring) without interfering with the treatment of the
patient. However, because of the low variance ex-
plained by the TCD data and because we did not
perform longitudinal studies, our results should be
viewed as preliminary and without definitive implica-
tions regarding the treatment of patients with ICH.
Further studies with serial examinations should eval-
uate whether TCD is useful to monitor ICP and CPP,
to evaluate the effect of therapy (e.g., surgical evac-
uation [34] or osmotic therapy [31]), and to analyze its
prognostic value (16) (as suggested by the high cor-
relation found between PI and Glasgow Coma Scale
and NIHS scale scores). Increased PI could lead to
placement of an ICP measurement device a patient
who is clinically deteriorating. Studies that include
simultaneous recording of ICP and TCD at frequent
intervals and that correlate the findings with corre-
sponding CT results are likely to provide important
information.

Conclusion

In acute ICH, the TCD waveform is affected by
many factors that are components of the CT study.
TCD results do not replace information provided on
CT, but TCD gives complementary data. Although
our results are not definitive, they do provide a firm
background for future studies. We hope that these
findings will further the understanding of the relation
between TCD and CT and ultimately translate to
clinical practice.
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H. Spontaneous intracerebral hemorrhage: prognostic factors in
896 cases. Acta Neurol Scand 1997;96:174–182

5. Diringer MN, Edwards DF, Zazulia AR. Hydrocephalus: a previ-
ously unrecognized predictor of poor outcome from supratentorial
intracerebral hemorrhage. Stroke 1998;29:1352–1357

6. Diringer MN. Intracerebral hemorrhage: pathophysiology and
management. Crit Care Med 1993;21:1591–1603

7. Brott T, Broderick T, Kothari R, et al. Early hemorrhage growth in
patients with intracerebral hemorrhage. Stroke 1997;28:1–5

8. Mayer SA, Lignelli A, Fink ME, et al. Perilesional blood flow and
edema formation in acute intracerebral hemorrhage. A SPECT
study. Stroke 1998;29:1791–1798

9. Schmidt EA, Czosnyka M, Gooskens I, et al. Preliminary experi-
ence of the estimation of cerebral perfusion pressure using trans-
cranial Doppler ultrasonography. J Neurol Neurosurg Psychiatry
2001;70:198–204
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