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Comparison of Transcranial Color-Coded Duplex
Sonography and Cranial CT Measurements for
Determining Third Ventricle Midline Shift in
Space-Occupying Stroke

Erwin Stolz, Tibo Gerriets, Ingo Fiss, Sait S. Babacan, Gunter Seidel, and Manfred Kaps

BACKGROUND AND PURPOSE: Transcranial color-coded duplex sonography (TCCS) al-
lows the noninvasive, easily reproducible measurement of midline dislocation (MLD) of the
third ventricle in space-occupying stroke, even in critically ill patients. However, the method
has been validated only in a small number of subjects. The aim of this study was to test the
method under clinical conditions.

METHODS: In 61 prospectively recruited patients (mean age, 62 = 15 years) with supra-
tentorial ischemic infarction or intracranial hemorrhage, the sonographic measurement of
MLD was compared with cranial CT data in a 12-hour time window. Subgroup analysis was
also undertaken for comparing TCCS and cranial CT measurements within a 3-hour time
window.

RESULTS: One hundred twenty-two data pairsof TCCSand cranial CT ML D measurements
wer e correlated within the 12-hour time window. TCCS and cranial CT measurementsof MLD
correlated both in the total patient group and in the different subgroups with coefficients of
over 0.9. The 2-SD confidence interval of the difference between the TCCS measurements and

the respective means of both methods in the total patient collective was =1.78 mm.
CONCLUSION: TCCS provides a noninvasive, easily reproducible and reliable method for

monitoring MLD of thethird ventriclein stroke patients. It isparticularly suitablefor critically

ill patients who are not fit for transportation.

The mortality of patients with stroke due to occlu-
sion of the middle cerebral artery (MCA) varies
from 5% to 40% (1, 2). Progressive postischemic
brain edema is the main cause of death in these
patients, as raised intracranial pressure leads to in-
creasing dislocation of midline structures and sub-
sequently to axial brain stem herniation (3-5). In
the subgroup of patients with so called ‘““malig-
nant” MCA stroke (ie, an MCA stroke with rapidly
progressive postischemic brain edema refractory to
conservative therapeutic interventions), mortality
reaches 80% (6). The results of several open, pro-
spective studies indicate that decompressive crani-
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otomy may decrease mortality in malignant MCA
stroke to 50% (7-9). Although the degree of mid-
line dislocation (MLD) correlates with the deteri-
oration of the level of consciousness (10), clinical
criteria alone provide only limited help for deciding
on early decompressive craniotomy, because signs
of brain stem herniation appear late in the course
of progressive space-occupying brain edema. Fur-
thermore, patients may be artificially ventilated,
making their neurologic status hard to assess. Pul-
licino and coworkers (5) correlated survival figures
with MLD data of serial cranial CT performed
within 48 hours of symptom onset in 118 patients
with ischemic stroke. In that study, a dislocation of
the epiphyses gland of 4 mm or more within 48
hours correlated with a low 14-day probability of
survival with a specificity of 89% and a sensitivity
of 46%. In a study by our own group on 16 patients
with occlusion of the MCA (11), al patients with
MLD of the third ventricle of 4 mm or greater with-
in 32 hours after stroke onset died of brain stem
herniation, apart from one patient who underwent
decompressive craniotomy; all other patients
survived.
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TABLE 1A: Distribution of patients according to age, sex, type of
stroke, and outcome

Mean Age (y)
No. (%) + SD
Total 61 62 £ 15
Men 44 (72) 61 + 14
Women 17 (28) 66 = 17
Ischemic stroke 45 (74) 60 *= 16
Intracranial hematoma 16 (26) 66 = 11
Survivers 43 (71) 63 = 15
Death (total) 14 (23) 63 + 15
Death (herniation) 12 (20) 62 = 15
Decompressive craniotomy 4 (7) 54 + 20

TABLE 1B: Distribution of patients according to appearance of
the stroke on CT scans

Stroke Type No.

Hemispheric infarction 6
Total ischemic MCA stroke 14
Infarct 30% to 70% MCA territory 10
Infarct <30% MCA territory 15
Intracerebral hematoma (volume >20 mL) 16
Additional ventricular bleeding 8

Note—MCA indicates middle cerebral artery.

Since cranial CT potentially requires the trans-
portation of criticaly ill patients, TCCS is a much
more suitable and indeed ideal bedside method for
monitoring purposes. TCCS enables noninvasive
imaging of the brain parenchyma and ventricular
system, and of the dislocation of the third ventricle
in stroke patients in particular (12—14).

The aim of this study was to assess the accuracy
of TCCS measurements of the third ventricle MLD
in comparison with cranial CT data in a routine
intensive care or stroke unit setting in patients with
ischemic stroke or intracerebral hematoma. Fur-
thermore, we tested whether correlation of TCCS
and cranial CT measurements of ML D is dependent
on the type of stroke, since the hyperechogenicity
of blood in TCCS imaging may influence the ac-
curacy of the measurements.

M ethods

Patients

The MLD of the third ventricle was measured by TCCS in
61 patients with ischemic stroke or intracerebral hematoma
(mean age, 62 *= 15 years, range, 28-91 years). Additional
patient information is given in Table 1A and B. The patients
were studied prospectively between December 1996 and De-
cember 1998. Inclusion criteria were a maximal time interval
of 12 hours between stroke onset and admission, with a clearly
defined time of symptom onset. To include patients with po-
tentially large cerebral lesions, a maximal Scandinavian stroke
scale score of 2 for arm or leg motor power or a maximal
score of 4 for the level of consciousness was required. Those
patients with spontaneous resolution of symptoms within 24
hours or with focal neurologic deficits due to a migraine attack
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or with Todd's paralysis due to seizures were excluded retro-
spectively at the conclusion of the study.

Sonographic measurements were obtained by four sonogra-
phers with sufficient experience with the method. Cranial CT
scans were routinely obtained in the department of neurora-
diology. Since this study was observational in character, the
timing of cranial CT scans was based solely on the decision
of the treating neurologist independent of the sonographers.
Sonographers were blinded to the cranial CT results. At agiv-
en point in time, sonographic measurements were performed
once; 20 patients were monitored twice, nine patients three
times, six patients four times, and one patient five times. Since
it was not possible to blind the sonographer to the patients
clinical deterioration or improvement or to the diagnosis of
ischemic stroke versus intracerebral hematoma, because blood
appears echogenic on the B-mode scan, the majority of patients
were examined by the same individual.

The sonographic MLD measurements were compared with
the cranial CT data. Within atime window of 12 hours (mean,
4.4 = 2.7 hours) or 3 hours (mean, 2.1 = 0.8 hours), 122 or
50 cranial CT and TCCS data pairs were correlated, respec-
tively. Ninety-six TCCS/crania CT data pairs were obtained
within a 12-hour time window of transcranial sonography and
cranial CT for patients with ischemic stroke (26 for patients
with supratentorial intracerebral hematoma). The study was
conducted according to the institution’s ethical guidelines.

Sonographic MLD Measurements

Transcranial color-coded duplex sonography was performed
in the usual fashion with a 2.5- or 2.0-MHz transducer (Hew-
lett Packard Sonos 2000 or 2500) insonating in a transverse
plane through the temporal acoustic bone window. Sonograph-
ic measurement of MLD of the third ventricle was performed
according to the method described by Seidel and coworkers
(14): after identifying the arteries of the circle of Willis, the
depth of the insonation window was adjusted (usualy 16 cm)
so that the mesencephalon in the center of the brain and the
contralateral skull became visible. From this position, the
transducer was tilted upward by 10°, from which the third ven-
tricle could easily be identified by its hyperechogenic double
reflex (Fig 1A and B), surrounded by the hypoechogenic tha-
lamic complex and the hyperechogenic pineal gland dorsal to
the ventricle. By constructing a perpendicular line from the
origin of the ultrasound beam to the middle of the double reflex
(ie, the distance between the external tabula of the temporal
bone to the middle of the third ventricle), the unilateral dis-
tance to the third ventricle could be measured (distance A).
This was repeated for the contralateral side (distance B). MLD
of the third ventricle was calculated according to the formula
MLD = (A — B)/2.

Cranial CT

The sonographically measured MLD of the third ventricle
was compared with the cranial CT data. All cranial CT scans
(Siemens Somatotom HiQ or Somatotom plus S) were ob-
tained in the usual orbitomeatal projection with a section thick-
ness of 4 to 8 mm. MLD of the third ventricle was calculated
in a fashion analogous to that for TCCS by measuring the
distance between the external tabula of the skull bone to the
middle of the third ventricle on both sides using the previously
stated formula

Satistical Evaluation

The software package Turbo Statistik 3.0 was used for sta-
tistical evaluation, and a linear regression anaysis was used
for comparing TCCS and cranial CT MLD measurements. As
a second step, data were then analyzed according to a method
described by Bland and Altman (15) (ie, the difference be-
tween the sonographic and CT MLD (Dtccs . crania c1) Was
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Fic 1. A, Axial transtemporal TCCS
shows the third ventricle (a) as hyperech-
ogenic double reflex, the pineal region (b),
the hypoechogenic thalamus (c), and the
contralateral scull (d). Arrow indicates the
principle of the measurement of the dis-
tance from the center of the ultrasound
beam to the middle of the third ventricle.
Half the difference of this distance, mea-
sured from both sides, gives the sono-
graphic MLD of the third ventricle.

B, Schematic drawing illustrates the
placement and angulation of the ultra-
sound transducer.
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TABLE 2: Correlation coefficients of the TCCS midline dislocation
(MLD) compared with cranial CT MLD of the third ventricle

No. r SD P
Total 122 .93 0.89 <.0001
TCCS/craniaCT =3 hours 50 .95 0.96 <.0001
Ischemic stroke 96 .92 0.92 <.0001
Intracranial hematoma 26 .95 0.81 <.0001

Note—TCCS indicates transcrania color-coded duplex sonography.

TABLE 3: Mean and 2 SD confidence intervals of the differences
between TCCS and cranial CT midline dislocation (MLD) and the
means of the TCCS and cranial CT MLD

Mean 2 SD
Drces.craniact  Drecs. craniact

Collective (mm) (mm)

Total —0.025 +1.78
TCCS/craniaCT =3 hours 0.038 +1.84
Ischemic stroke —0.068 +1.82
Intracranial hematoma 0.154 +1.74
MLD =4 mm —0.028 +1.66
MLD >4 mm 0.040 +2.21

Note—TCCS indicates transcrania color-coded duplex sonography.

TCCS MLD (x-axis) measurements related
14 16 18

to the cranial CT (CCT) MLD (y-axis) mea-
surements (r = .93, SD = 0.89; P < .0001;
n = 122).

related to the respective mean of both measurements) to ex-
clude any systematic bias of the data. The hypothesis that the
Drccs.. crania o1 Values were normally distributed could not be
rejected. Therefore, confidence intervals (Cl) of 2 SD were
calculated according to the formula CI = mean (Drccs . crania
c1) * 1.96 V(ED%rccs. granial cri)/N) (15). Student’s t-test was
used for comparing the different groups. To compare correla-
tion coefficients of the different groups, a method described
by Thoni (16) was employed. The following subgroups were
defined for further analysis: TCCS/crania CT time window of
12 hours or less, TCCS/cranial CT time window of 3 hours or
less; ischemic supratentorial stroke; supratentorial hematoma;
MLD greater than 4 mm; and MLD 4 mm or less.

Results

The results of linear regression analysis of the
whole patient collective and the different subgroups
are summarized in Table 2. For the whole collective
(Fig 2) as well as for the different subgroups, the
TCCS/cranial CT correlation coefficients were
greater than 0.9. No statistically significant differ-
ences for the TCCS/cranial CT correlation within
the different subgroups or between the whole col-
lective were found.
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Fic 3. Bland-Altman diagram shows the 2,0 -
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Bland-Altman diagrams of the whole collective
(Fig 3) and of the subgroups did not show any sys-
tematic bias. No statistical difference in the
Drces. cranial o1 vaues among the different groups
was evident. The 2 SD confidence intervals are
summarized in Table 3.

The mean MLD by cranial CT was 2.15 + 2.6
mm, whereas the mean MLD by TCCS was 2.18
+ 25 mm. No datistically significant difference
was observed. This was also the case when com-
paring MLDs of the 4 mm or less subgroup (crania
CT MLD: mean, 0.99 = 1.0 mm; TCCS MLD:
mean, 1.03 = 0.9 mm; n = 93) and the greater
than 4 mm subgroup (cranial CT MLD: mean, 6.04
+ 2.7 mm; TCCS MLD: mean, 5.96 = 2.7 mm; n
28).

Discussion

One-dimensional echoencephal ography was used
in the 1940s and 1950s to assess MLD of the third
ventricle (17). Since the method lacked any imag-
ing functions, it soon became redundant after the
introduction of CT and MR imaging. In the 1980s,
further development of ultrasound technology led
to the clinical application of TCCS, which allowed
the correct spatial imaging of intracranial arteries
(18) and veins (19), as well as parenchymal struc-
tures (11), including the ventricular system (12,
13). TCCS is now a routine method in the assess-
ment of stroke and is especially useful for exam-
ining critically ill patients who are not fit for
transportation.

Although the degree of dislocation of midline
structures correlates with the deterioration of con-
sciousness (10), clinical criteria alone provide only
limited help for deciding on a suitable time for de-
compressive craniotomy, since signs of brain stem
herniation appear late in the course of the devel-

Mean MLD (TCCS/CCT) mm

opment of space-occupying brain edema. Further-
more, these patients are often artificially ventilated,
and their neurologic state cannot be adequately
assessed.

Studies using cranial CT parameters (midline
shift of the pineal gland or the septum pellucidum)
that were not correlated with the time of stroke on-
set were not able to identify a predictive value con-
cerning survival (8). However, Pullicino and co-
workers (5), who correlated serial cranial CT scans
in 118 stroke victims with the time of onset of
symptoms, found that an MLD of 4 mm or greater
within 48 hours predicted a low 14-day survival
probability, with a specificity of 89% and a sensi-
tivity of 46%. In a study by our own group (11),
an MLD of the third ventricle of greater than 4 mm
within 32 hours of stroke onset predicted death due
to brain herniation in al but one of 16 patients with
acute occlusion of the MCA in whom MLD was
measured on serial sonograms. That single patient
in the group of patients with rapidly progressive
space-occupying brain edema survived after de-
compressive craniotomy.

The aim of the present study was to validate and
assess the practicability of sonographic MLD mea-
surement of the third ventricle in patients admitted
to the intensive care unit with stroke. The meth-
odology was originally described by Seidel and co-
workers in 1996 (14). In that study, a reproduci-
bility of sonographic MLD measurements
corresponding to 0.3 = 0.2 mm was reached in 10
healthy volunteers, which is close to the spatial res-
olution of modern TCCS systems. Twenty-seven
TCCS/cranial CT data pairs were correlated in only
18 patients with ischemic stroke, constituting a cor-
relation of r = .87.

In this study, 122 TCCS/cranial CT data pairs
were evaluated. Correlation coefficients of greater
than 0.9 for sonographic and cranial CT MLD of
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the third ventricle were found for the whole patient
collective and the different subgroups. Based on
these results, sonographic MLD measurement pro-
vides an additional means to follow-up stroke pa-
tients that is reliable and noninvasive. Our findings
show that the method is suitable for routine clinical
use.

No significant differences in the accuracy of the
method were found in comparing ischemic stroke
and intracerebral hematoma, although about half
our patients had an additional ventricular hemor-
rhage that might have complicated the identifica-
tion of the typical double reflex of the third ven-
tricle (this is because fresh blood gives a
hyperechogenic sonographic signal).

The 2 SD CI for the subgroup with an MLD of
4 mm or less (—1.69 to +1.63 mm) was smaller
than that for the group with an MLD of more than
4 mm (—2.25 to +2.17 mm), although a statisti-
cally significant difference could not be detected.
Considering potential routine clinical applications
of the method, this difference is not of major im-
portance, since the 2 SD Cl widens at an MLD of
more than 6 mm. A systematic bias of the sono-
graphic MLD measurements could not be observed
in the Bland-Altman diagrams.

Conclusion

Our results show that transcranial color-coded
duplex sonography is a noninvasive, easily repro-
ducible, and reliable method for the follow-up of
midline distortion due to space-occupying edema
in stroke patients.
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