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Correlation between Cerebral Blood Flow,
Somatosensory Evoked Potentials, CT Scan
Grade and Neurological Grade in Patients with
Subarachnoid Hemorrhage

M. Fazl, D.A. Houlden and K. Weaver

ABSTRACT: Cerebral blood flow (CBF) and central conduction time (CCT) were recorded from 58 subarachnoid hemor-
rhage patients and from 49 age-matched controls. CBF was calculated following Xenon inhalation and CCT was determined
from somatosensory evoked potentials (SSEP’s) following median nerve stimulation. Each patient had a CT scan on the day
of admission which was graded from I-IV. CBF, CCT and neurological grade (Hunt and Hess classification) were concomi-
tantly recorded 1, 4, 7 and 14 days after subarachnoid hemorrhage. Mean CBF was highest in patients with neurological
grades I and II (48.6 £ 12.3 and 48.1 + 10.3 ml/100gm/min respectively) and lowest in patients with neurological grade IV
(37.3 £ 9.6 ml/100gm/min). Patients in neurological grade I or II had mean CBF and CCT measurements that were signifi-
cantly different from those obtained from patients in neurological grade IV (P < 0.05). Neurological grade and CT scan grade
correlated with CBF (P < 0.0001) better than CCT (P = 0.015). Unexpectedly low CBF’s from patients in neurological grades
IT and III (< 37 and < 31 ml/100gm/min respectively) failed to significantly prolong CCT suggesting CCT is unable to detect
marginal ischemia. A significant correlation between CBF and CCT occurred only when CBF was < 30 ml/100gm/min (R =
0.75, P = 0.05). It appears that prolonged CCT is associated with a drop in CBF only when CBF drops below a certain thresh-
old.

RESUME: Corrélation entre le flot sanguin cérébral, les potentiels évoqués somesthésiques, I’évaluation par CT
scan et I’évaluation neurologique chez les patients avec hémorragie sous-arachnoidienne Le flot sanguin cérébral
(FSC) et le temps de conduction central (TCC) ont été enregistrés chez 58 patients avec hémorragie sous-arachnoidi-
enne et chez 49 témoins appariés pour 1’age. Le FSC a été calculé aprés inhalation de Xénon et le TCC a été déterminé
par les potentiels évoqués somesthésiques (PES) aprés stimulation du nerf médian. Le CT scan, que chaque patient a
subi le jour de I’admission, a été coté de I a IV. Le FSC, le TCC et I’évaluation neurologique (Classification de Hunt et
Hess) ont été enregistrés 1, 4, 7 et 14 jours aprés I’hémorragie sous-arachnoidienne. Le FSC moyen était le plus élevé
chez les patients dont la cote neurologique était de I et IT (48.6+12.3 et 48.1+£10.3 m1/100 gm/min respectivement et le
plus bas chez les patients dont la cote neurologique était de IV (37.319.6 ml/100 gm/min). Les patients dont la cote
neurologique était de I ou II avaient un FSC et un TCC qui étaient significativement différents de ceux obtenus chez les
patients dont la cote neurologique était de IV (P<0.05). La cote neurologique et la cote du CT scan avaient une
meilleure corrélation avec le FSC (P<0.0001) qu’avec le TCC (P = 0.015) Etonnamment, un FSC faible chez les
patients dont la cote neurologique était de II et III (<37 et <31 ml/100 gm/min respectivement) ne provoquait pas de
prolongement significatif du TCC suggérant que le TCC est incapable de détecter une ischémie marginale. une corréla-
tion significative entre le FSC et le TCC était observée seulement quand le FSC était <30 ml/100 gm/min (R = 0.75, P
= 0.05). I semble qu’un TCC prolongé est associé 4 une chute du FSC seulement quand le FSC s’abaisse sous un cer-

tain seuil.
Can. J. Neurol. Sci. 1991; 18: 453-457
Severe vasospasm is an important cause of delayed ischemic blood flow (CBF) and patients without delayed ischemic neuro-
neurological deficits which develop after subarachnoid hemor- logical deficits have higher CBF’s.4.5 In contrast, some patients
rhage.!.23 Patients with diffuse vasospasm after subarachnoid with subarachnoid hemorrhage may appear to be perfectly well
hemorrhage have neurological deficits related to low cerebral even when they have marginal ischemia with low CBF.6.7
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Operative manipulation of cerebral blood vessels during clip-
ping of an aneurysm in these patients could precipitate major
ischemia. Accordingly, we think it is advantageous to use CBF
to determine the state of cerebral perfusion in preoperative sub-
arachnoid hemorrhage patients so the timing of surgery may be
optimally planned. Unfortunately, CBF equipment is expensive
and not available in most hospitals.

Prolongation of central conduction time (CCT) (as measured
by somatosensory evoked potentials (SSEP’s) correlates with
neurological grade in baboons® and humans®10 with subarach-
noid hemorrhage. CCT prolongation appears to be directly pro-
portional to CBF diminution when CBF drops below approxi-
mately 30 ml/100gm/min in humans.?

In this study we examined the relationship between CCT,
CBF, CT scan and neurological grade to determine if CCT can
replace CBF in identifying patients with marginal ischemia who
may appear relatively well but have unexpectedly low CBF’s.

MATERIALS AND METHODS

Cerebral Blood Flow (CBF)

CBF was measured using the Novo inhalation cerebrograph
(Nova Diagnostic Systems, Denmark). All the studies were per-
formed using the Xenon-133 inhalation technique. Mean CBF
was determined for each hemisphere by 16 collimated scintilla-
tion detectors (8 detectors per hemisphere) placed perpendicular
to the saggital plane of the skull. A dose of 30 mCi of Xenon
133 was used for each study. The CBF was determined by
Obrist’s model.!3 The initial slope index (ISI) was used as the
standard measure of CBF because it is not affected by changes
in the relative weight of fast (grey matter) and slow (white mat-
ter) CBF compartments of the brain which may be in a state of
flux in a pathological brain.!4 CBF was measured 1, 4, 7 and 14
days after subarachnoid hemorrhage and within 1 day prior to
and after surgery. A mean CBF (ISI) of 56.6 ml/100gm/min
with a standard deviation of 9 ml/100gm/min was obtained from
49 normal subjects between the ages of 20 and 64.

Central Conduction Time (CCT)

The technique used to record somatosensory evoked poten-
tials (SSEP) was similar to that used by Hume and Cant!1.12 and
Symon et al.# The left and right median nerves were stimulated
at the wrist with a stimulus intensity 1.5-2 times the intensity
necessary to evoke a visible thenar muscle twitch with a stimu-
lus duration of 0.2 msec and a stimulus rate of 3.1 Hz. SSEP
recordings were obtained from 10 mm gold-plated EEG cup
disc electrodes placed on the surface of the skin and from Grass
subdermal needle electrodes on the scalp. Skin/electrode
impedance was kept below 5 KQ. The location of the four
recording electrode pairs (G1-G2) for the median nerve SSEP
were:

1) scalp overlying the contralateral somatosensory cortex
(C3’ or C4’) - contralateral Erbs point (EP contra); 2) ipsilateral
Erbs point (EP ipsi) - Fpz; 3) C2 spinous process (Cv2) - Fpz
and 4) C3’ or C4’ - Fpz.

The analogue input from each recording pair was amplified
by Grass model 12A5 amplifiers with a grain of 100,000 and a
bandpass of 3-3000 Hz before being averaged by a NEC
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advanced personal computer with a Datacon A-D board (Clark-
Davis Medical Systems, London, Ontario, Canada). The sam-
pling rate of the system was 14.6 KHz on each channel.
Analysis time was 70 msec on all four channels though the dis-
play time was 35 msec for all channels with the exception of
channel 4 which had a dual display time of 35 msec and 70
msec. Each 4 channel average contained at least 500 responses.
A minimum of two 4-channel averages (epochs) were superim-
posed for waveform reproducibility.

CCT was determined from the interpeak latency (IPL)
between the P/N13 waveform recorded from the C2 spinous
process (Cv2) - Fpz and the N20 waveform recorded from the
scalp (C3” or C4’-Fpz). CCT was measured within 1 hour of
CBEF testing 1, 4, 7 and 14 days after subarachnoid hemorrhage.
A normal mean CCT of 5.75 msec with a standard deviation of
0.6 msec was determined from 36 normal subjects between the
ages of 20 and 64.

CT Scan Grade

Each patient had a CT scan of the brain on the first day of
admission which was classified according to the thickness of
blood in the subarachnoid space.? Patients in CT scan group 1
had no detectible blood in the subarachnoid space. Group II
patients had diffuse deposition of thin layers of blood with all
vertical layers of blood (interhemispheric fissure, insular cistern,
ambiant cistern) less than 1 mm thick. Group III patients had
localized clots and/or vertical layers of blood clot more than 1
mm thick. Group IV patients had diffuse and/or no subarachnoid
blood with intracerebral or intraventricular clots.

Neurological Grade

The Hunt and Hess neurological grading system for sub-
arachnoid patients!® was used to grade neurological status at the
time of each CBF and CCT measurement.

Statistical Methods:

A oneway analysis of various (ANOVA) (SAS program, SAS
Institute, Carey, N.C.) was used to determine the relationship of
CBF and CCT to CT scan grade and neurological grade. A
oneway ANOVA with Tukey pairwise comparison was used to
look for differences between neurological grades when compar-
ing them on mean CBF and mean CTT. A parallel set of non-
parametric statistical tests (Kruskal/Wallis) were done to corrob-
orate the ANOVA results.

A Pearson product moment correlation was calculated for
CBF and CCT. Then, CBF was divided into three ranges (< 30,
31-40, > 40) and a Pearson correlation for CBF and CCT was
repeated for each range. A rank order correlation (Spearman)
was performed to look for a relationship between neurological
grade and CT Scan grade.

A t-test was performed to compare mean CCT from patients
in neurological grade I whose CBF’s were > 36.3 and < 36.3
ml/100gm/min. The CBF cutpoint of 36.3 ml/100gm/min was
arbitrarily determined by taking the mean CBF from neurologi-
cal grade I (48.6 ml/100gm/min) - 1 standard deviation (12.3
ml/100gm/min). A similar t-test was performed on CCT for neu-
rological grade II patients (CBF cutpoint = 37.8 m1/100gm/min)
and neurological grade III patients (CBF cutpoint = 31.4
ml/100gm/min).
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RESULTS

CBF, CCT, CT scan grade and neurological grade were
obtained from 50 subarachnoid hemorrhage patients (29 male,
29 female) who were between 19 and 75 years of age (mean age
= 46.5 years). All patients underwent cerebral angiography and
aneurysms were detected in 49 patients. Patients who had no
blood on the initial CT scan study had a lumbar puncture to
prove the presence of subarachnoid hemorrhage.

Neurological Grade and CBF

The relationship between neurological grade and mean CBF
was evaluated in all patients. There were 139 CBF measure-
ments from 58 patients. Oneway analysis of variance (ANOVA)
showed CBF significantly correlated with neurological grade (F
(3,135) = 9.73, P < 0.0001). Many patients who detertorated to a
higher neurological grade had a concomitant decrease in CBF
and the reverse was also true (Figure 1). Mean CBF was highest
in patients with neurological grade I and II (48.6 + 12.3
ml/100gm/min and 48.1 + 10.3 ml/100gm/min respectively) and
lowest in neurological grade IV patients (CBF = 37.3 £ 9.6
ml/100gm/min). Mean CBF’s from neurological grades I and II
were not significantly different and there was also no significant
difference between mean CBF’s from neurological grades III
and IV. In contrast, mean CBF’s in neurological grades III and
IV were significantly different from mean CBF’s in neurological
grades I and II (P < 0.05, Figure 1).

Neurological Grade and CCT

There were 122 CCT measurements from 58 patients. The
ANOVA indicated a relationship between neurological grade
and CCT (F (3,118) = 23.63, P = 0.015). CCT tended to become
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gradually prolonged with deterioration of neurological grade
(Figure 2). Nevertheless, only the mean CCT’s from neurologi-
cal grades I and IV were significantly different (P < 0.05). Mean
CCT was 6.3 + 1.05ms in neurological grade IV and 5.42 t
0.4%9ms in neurological grade I.

Patients in neurological grades II and III with CBF’s < 37.8
and < 31.4 ml/100gm/min respectively did not have significant-
ly longer CCT’s than patients in the same neurological grades
with higher CBF’s. There were not enough patients in neurolog-
ical grade I with CBF’s below the cutpoint (36.3 ml/100gm/min)
for meaningful statistical analysis in this grade.

Neurological Grade and CT Scan Grade

There was a significant relationship between CT scan grade
and neurological grade (Rho = 0.53, P < 0.0001, N = 140).
Patients with more blood in the subarachnoid space and/or ven-
tricles tended to have a higher neurological grade.

CBF and CCT

The relationship between CBF and CCT was examined in
both cerebral hemispheres for a total of 261 studies. There was a
relationship between CBF and CCT (R = -0.213, P = 0.019) but
CCT significantly correlated with CBF only when CBF was
< 30 ml/100gm/min (R = -0.75, P = 0.05) as in some neurolog-
ical grade IV patients.

CBF and CT Scan Grade

There was a significant difference in the mean CBF’s from
patients in CT scan grade I and II and CT scan grades III and IV.
In contrast, mean CBF’s from patients in CT scan grades I and
IT were significantly different from the mean CBF’s from
patients in CT scan grades III and IV (P < 0.05). ANOVA
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Figure ] — Mean cerebral blood flow (CBF) with one standard error
of the mean are shown for each neurological grade. Mean CBF’s in
neurological grades I and Il were significantly different from mean
CBF’s in neurological grades Il and IV (P < 0.05).
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Figure 2 — Mean central conduction time (CCT) with one standard
error of the mean are shown for each neurological grade. Mean
CCT in neurological grade IV was significantly different from mean
CCT'’s in neurological grade I, Il and lll (P < 0.05).
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revealed CBF was significantly related to CT scan grade (F
(3,135) = 9.06, P < 0.0001, Figure 3).

CCT and CT Scan Grade

Mean CCT'’s for each CT scan grade were not significantly
different (Figure 4).

DISCUSSION

Despite our inability to demonstrate an overall correlation
between CBF and SSEP central conduction time in patients with
subarachnoid hemorrhage, the relationship between CBF and
SSEP’s and the role of CBF in maintaining brain function has
been described in animal experiments.!5-18 CBF’s below
approximately 16 mm/100gm/min caused the cortical SSEP
amplitude and latency to change, CBF’s of approximately 12
mm/100gm/min caused the SSEP to disappear and, in baboons,
a drop in CBF below that required for the SSEP to disappear
was necessary for permanent neurological deficit. According to
Astrup et al,17 the disappearance of the SSEP “could not be
explained by the release of intracellular potassium, nor was it
critically dependent on cortical pH. However, the massive
release of intracellular potassium was, by itself, critically depen-
dent on CBE.” They described a dual threshold in ischemia for
neuronal function with the threshold for release of intracellular
potassium being clearly lower than the threshold for complete
electrical failure of the cell which supports the concept of an
ischemic period during which the neuron remains structurally
intact but functionally inactive. They concluded that “increased

CBEF if sufficient, may normalize extracellular potassium activi-
ty as well as pH and restore the SSEP” and, we might add,
restore neuronal function.

In our study we used the SSEP central conduction time
(CCT) to reflect the integrity of the large fibre sensory system
within the brain. Rosenstein et al® demonstrated a threshold
relationship between CBF and CCT in humans: little change in
CCT was noted at flows > 30 ml/100gm/min but, at flows below
30, CCT became increasingly prolonged with the degree of pro-
longation proportional to the degree of blood flow diminution.
Similarly, we found that when CBF was divided into three
ranges (< 30, 31-40, > 40), a significant correlation between
CBF and CCT existed only in patients whose CBF was < 30
ml/100gm/min although a directly proportional relationship was
not proven in this range. Lack of correlation between CBF and
CCT in patients with CBF’s between 31-40 and > 40 ml/100gm/
min suggests one cannot predict CBF from CCT when CBF is
above 30 ml/100gm/min. Furthermore, patients in neurological
grades II and III had no significant difference in mean CCT
despite a significant difference in mean CBF between the two
grades suggesting CBF is more sensitive than CCT to marginal
ischemia and moderate neurological deficits.

Perhaps other ways of measuring CCT may be more infor-
mative in patients with subarachnoid hemorrhage. For example,
in our study we used a small number of scalp and non-cephalic
recording electrode pairs so it was difficult to determine if sub-
thalamically or thalamically generated N18 activity contaminat-
ed N20 peak latency determination, seeing as both negative
peaks may occur at the same time.20.2! This contamination was
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Figure 3 — Mean cerebral blood flow (CBF) with one standard error
of the mean are shown for each CT scan grade. Mean CBF’s in CT
scan grades Il and IV were significantly different from the mean
CBF’s in CT scan grades I and Il (P < 0.05).
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Figure 4 — Mean central conduction time (CCT) with one standard
error of the mean are shown for each CT scan grade. Mean CCT’s
were not significantly different between CT scan grades.
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unlikely however because we recorded N20 from C3’ or C4’ -
Fpz (scalp-scalp) which should have cancelled most of N18
because N18 is seen simultaneously at both scalp recording sites
(C3’ or C4’ and Fpz). In contrast, N20 is predominently seen at
one recording site (C3’ or C4’) making it the prominent
negative peak. Another way to measure CCT could be from the
onset of waveforms instead of their peaks.?2 Future studies
should be done to determine the value of these alternative meth-
ods of measuring CCT.

Subarachnoid hemorrhage patients with vasospasm and low
CBF’s may have impaired brain autoregulation and be intolerant
to intra-operative hypotension and operative manipulation of
cerebral blood vessels during clipping of an aneurysm. Some
researchers suggest that patients with CBF’s < 35
m}/100gm/min may have brain ischemia related to vasospasm
and be at surgical risk even though some of these patients may
appear to be well or have only minor neurological deficits (silent
spasm syndrome).” It appears that CCT, the way we measured it,
would be ineffective in detecting patients with CBF’s between
30-35 ml/100gm/min. In fact, we demonstrated that patients
with moderate neurological deficits (neurological grades II and
III) and unexpectedly low flows (< 37.8 and < 31.4 ml/100/min
respectively) had no significant difference in mean CCT when
compared to the mean CCT from patients in the same neurologi-
cal grade with higher CBF’s. This necessitates CBF testing for
subarachnoid hemorrhage patients prior to surgical clipping of
their aneurysm(s).

Fisher et al?2 described a positive correlation between the
amount -and location of subarachnoid blood and the degree of
vasospasm in patients with subarachnoid hemorrhage.
Consequently, it was not surprising for us to find a correlation
between CT scan grade and neurological grade, CT scan grade
and CBF, and CBF and neurological grade.

CONCLUSIONS

1. CCT is not useful in detecting unexpectedly low CBF’s in
patients with neurological grade II or III.

2. CBF correlated with CCT when CBF was < 30
ml/100gm/min but did not correlate with CCT when CBF was
31-40 or > 40 ml/100gm/min.

3. Our findings suggest a causal relationship between the
amount of blood in the subarachnoid space, CBF and neurologi-
cal grade.
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