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Regional cerebral blood flow and cognitive function in patients with
chronic liver disease

R.E. O°CARROLL P. C. HAYES
I.A.D. BOUCHIER G. M. GOODWIN

C. MURRAY ].].K.BEST

Subtle impairments of cognitive function may be
an importamt cause of occupational and
psychosocial morbidity in patients with chronic liver
disease. Correlation of structural brain abnormalities
with cognitive deficits has vyielded inconsistent
results.

10 patients with cirhotic liver disease were
compared with 10 age, education, and intelligence
matched control subjects. Neuropsychological
assessment revealed significant overall cognitive
impairments in cimhotic patients compared with
controls (p=0-02}. Regional cerebral blood flow
was measured by single photon emission computed
tomography (SPET or SPECT) and showed
increased uptake of radiotracer in the right and left
posterior parts of the basal ganglia and right occipital
lobe, together with reduced uptake in the right
anterior cingulate region. The degree of cognitive
impairment was directly correlated with functional
abnormglities in the basal ganglia and limbic cortex
{p<0-08).

Our results suggest that impaired cognitive status
may be associated with abnormalities of regional
brain function in patients with chronic liver disease.
Since these deficits are clinically inapparent, our
findings have important implications for
identification and management of patients with
chronic liver disease.

Lancer 1991, 337: 1250-53.

Introduction

The encephalopathy that accompanies acute hepatic
failure is well known and clinically obvious. The
impairment of cognitive function that is found in chronic
liver disease is more subtle and less well recognised, but may
be an important cause of occupational and psychosocial
merbidity.!? Efforts 1o relate cognitive impairment in liver
disease to structura) brain abnormalities measured by either
computed tomography or magnetic resonance imaging have
given conflicting results.*# However, single photon emission
wmography (SPET or SPECT) with *™Tc-'Exametazime’

K.P.EBMEIER N.DOQUGALL

offers an investigation of regional brain function as opposed
to structure. Uptake of ®™Tc-Exametazime is related to the
regional cerebral blood flow that is normally dependent on
local neuronal demand for glucose.S We predicted that there
would be significant cognitive impairment in patients with
chronic liver disease and that this impairment would be
associated with changes in regiona) cerebral blood flow.

Patients and methods

10 patients (7 fernale, 3 male; mean [SD)] age, 57 (8] years) with
histologically proven cirrhosis were studied. 5 patents had alocholic
cirrhosis (Child severity scores, A [n= 2] and C [n = 3¢ and 5 had
non-alcoholic-related liver disease {primary biliary cirrhosis, 3 [}
Child B, 2 Child C); primary sclerosing cholangitis, 1 [Child BJ;
haemnochromatosis, 1 [Child C]). These patients were compared
with 10 age (mean 64 [3] years), education {(mean 106 {1-7]) vs 10-9
[2-6] years), and premorbid intelligence quotient” (110 [9] vs 115 [6)
points) mawhed control subjects (8 female, 2 male). These
differences were not significant. Cognitive status was assessed by
the trail making test (parts A and B), the digit symbwol substitution
test, and the auditory verbal learning test. Subjects were also
assessed by the CAMCOG subsection of the Cambridge mertal
disorders of the elderly examinaton® For SPECT scanning,
Pmechnetium-labelled  Exametazime  (hexamethyl-propylene-
amine oxime} was given as z lipophitic flow marker that is taken up
tapidly into brain and trapped by conjugation with ghitathione.
Subjects were injected with 250 MBq of ¥mT¢-Exametazime at rest
(eyes patched and ears unplugged). The head was aligned with
reference to the orbito-meatal line, and scanned by a tomographic
camera with twelve focused photon detectors mounted on a gantry
that controlled the radial and tangential excursions of each detector
(SME Muld-X 810}, Aoquisition time per slice was 300 5. The
pattern of wacer uptake was reconstructed as 10 mm slices, with a
transverse resolution of about 10 mm. Quantitative estimates of
tracer uptake (as mean counts per pixel) were measured bilaterally
in eighteen regions of interest drawn from two slices 5-6 an and 7-8
<n above the orbite-neatal line. Regions of interest were identified
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TABLE I-—COGNITIVE IMPAIRMENT IN STUDY GROUPS

Curhotic
patients Controls
Test {n=10) (n=10} F p

CAMOCOG toml | 923 /188-9-95-6) 9913 r9s-9-J02-3) | 1107 | 004
AVLT motal 362299425 4725 (42-2-52 3) 9-13 | 0-008
AVLT delayed 720 (5490, 1000 (711 538 [00M
AVLT recognigon| 7-2) (25118 1262 1 10-6-14-7) 481 1 0443
Tral A 525 (38-5-66'5; 435 (297573, | 107 (0316
Trail B 168-4 1 [13-0-223-8)| B0-13 /1852-7-976) 9-73 10007
Digit symbol 700 (5-9-81; 1538 /96-132) | 2526 | 00D

Results given as maan (35% C7). Overall MANOVA F=412 p=002 AVLT.
auditory verbal baarnirg test.

with a predetermined standard template derived from a
neurcanatomicat atlas.™® The uptake of radiotracer was expressed
per region of interest as a density function (counts per pixed).
SPECT data were normalised by calculation of each regional value
relative to the whole slice uptake for each individual. Muluvariate
analysis of variance was applied 10 compare regions of interest.
Attempts to idenitify a simple group effect are meaningless because
of the normakisation of tracer uptake. The appropriate omnibus test
o define an overall effect must be able to measure an interaction
between groups both by right/kefi hemisphere and by region of
interest. Between-group comparisons of individual regions of
interest were made with univariate ANOVA. Neuropsychological
indices were also subjected to multivariate analysis of vanance
followed by upjvariate ANOVA. The rclaton between SPECT
scan data and cognitive measures was tested by Pearson's
correlation coefficent.
Results

Cirthotic patients were significantly impaired in all
cognitive measures with the exception of the trail making
test part A (tzble 1). An overall MANOVA (patients vs
controls) revealed that significant differences in regional
cerebral blood flow existed between the groups (p=0-002).
A characteristic pattern of ®=T¢-Exametazime uptake was
identfied (table 11); chronic liver disease patients showed
increased uptake in the right and left posterior parts of the
basal ganghia (putamen and pallidum), and in the right
inferior occipital lobe. A statistically significant decrease in
tracer uptake was observed in the tight anterior cingulate.
Other areas showed no differences between patients and
controls. For example, the uptake to a reference sensory area
{calcarine cortex) was equal, as was uptake in high frontal
and posterior temporal areas, which are abnormal in organic
conditons such as Alzheimer’s disease and Korsakoff's
psychosis.'! Representative SPECT scans of a patientand a
control subject are shown in the figure to illustrate the
pattern of differential uptake in the region of the putamen/
pallidum. Slight intersubject variation is a common feature
of SPECT scans.

SPECT scan of ¥ Tg-Exametazime uptake.

Upper, patient with haemochromatosis, lower, control subject.
Exametazime uptake is indicated by bright areas. In the patient, these
bilateral brighter regions either side of the lateral ventricles represant the
putamen,

To suppert the pathophysiological significance of
abnormal uptake of tracer in individual regions of interest,
s limited correlational analysis was completed between
each statistically abnormal area of tracer uptake and
neuropsychological measures of impairment. Within the
patient group, the degree of cognitive impairment was
correlated with uptake of radiotracer to the left putamen/
pallidum. Statistical significance was reached for digit
symbol (r= —0-76, p<0-05) and trail making test part B
(r =074, p<005). Trail making test part A correlated
positively with uptake to the right putamen/pallidum

TABLE I-REGIQNAL CERESRAL BLOOD FLOW IN STUDY GROUPS

Left Right

Region of interest Cirhotic patients Controls p Cirrhotic patients Controls e
Frontal {inferior) 099 fO-95-1-04) 099 (093105} 0-98 100 F0-95-1405) 099 (0-96-1-03) 083
Fronml {siperior) 1407 (103-1-12) 100 (T-06-1-11} 065 106 ( 1-01-1-10) 107 ( J-046-1-09) 068
Anterior cingutate (inferior) 1407 (1-00-1-14) 109 (1-03-1-15} @71 101 (0-95~1-06) 112 { 1-08-1-15) 0002
Anterior cngulate {superior) 104 (0-95-1-12) 107 (102-113} o4 104 {0-99-1-09) 1-10 ¢ 1-03-1-17) o1
Posterior tamporal 107 ¢ 105-1-10) 108 (1-05-1-10) 076 109 ( 1-05-1-13) 108 {1-05-1-11) D73
Putamen,/paltidum 126 (1-20-X-31) 119 ([-15-1-23) 005 1-26 (1-20-1-31) 1:20 ¢ J-18-§-22} D04
Calearine (inferior) 121 (1-21-1-31) 1-23 (-4 7-1-38) 068 125 (1-45-1-35) 124 1 1-§9-7-30} o078
Calcarine {superior) 1-30 f1-25-1-36) 132 (1 27-1-37) o073 128 (1-24-1-33) V27 ¢4-21-1-33} D71
Occipital (inferior} 108 ¢ 1-01-1-15) 104 (0-98-1-10) o35 1-15 (1-10-1-20) 17 (1-01-1-13} o0
Ocripital (mperior) 1-06 ¢ §-03-1-10) 1906 f1-07-109) 095 108 (1-04-1-13) 108 r 04112} 093

Results pivert a8 mean (95% C1J. Overatt MANOVA [grouped by right/left hemisphere and by region of interast), F = 45336, p=0-002.
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{r=071, p<0-05) and negatively with the right anterior
cingulate (r= — 070, p <0-05). Although the trait making
test part A does not discriminate patients from controls
(table 1), within the patient group its score was highly
correlated with chat of the other timed visuospatial tests
that did differentiate the two groups (trail making test
part B, r=0-79; digit symbol, r= —0-75; both p<0-05).
There was no association between tracer uptake to the
right inferior occipital lobe and neuropsychological
MKEASUTES.

Discussion

The patients studied in this investigation did not have
hepatic encephalopathy that was apparent by bedside
clinical assessment. However, detailed neuropsychological
examination revealed significant cognitive impairment. The
only cognitive measure that failed to differentiate the groups
was the trail making test part A, which is essentally the same
as the number-connection test.’? The number-connection
test is widely applied as a screening instrument in
hepatology clinics, and in a recent review of hepatic
encephalopathy, the number-connection test was
recornmended for routine clinical use.?? Qur results show
that patients with liver disease can present with 2 normal
performance on this test but have gross impairment in other
cogmitive areas, which is in agreement with other reports.*
The characteristic cognitive deficits appear to be in memory
and tme-dependent visuospatial tasks. The relation
between visuospatial tasks and everyday activities such as
driving are obvious. Schomerus et al* have estimated that
60% of their patients with “latent” hepatic encephalopathy
were unfit 1o drive, and a further 25% were of dubious
driving ability. We agree with Dunk and Moore! who
suggest that patients with “latent” hepatic encephalopathy
who drive or operate heavy machinery may put themselves
and others at risk. Such patients are unlikely to be identfied
by routine clinical application of the number-connection
test,

We have identified a relative increase in basal gangiia
blood flow, and a dectease in limbic cortex flow, in patients
with both alcohelic and non-aleoholic chronic liver disease.
Abnormalities of basal ganglia function in patients with liver
disease might have been anticipated given the prominent
and persistent motor sequelae that can occur in hepatic
encephalopathy, such as wemor, nigidity, slurred speech,
orofacial dyskinesia, choreoathetosis, and ataxia. Positron
emission tomography has revealed increased blood flow in
the basal ganglia of patients with liver disease and “minimal
encephalopathy”.'* Some evidence of structural change in
the caudate nucleus of patients with chronic liver disease has
also been provided by both computed tomography and
magnetic resonance imaging in aleoholic and non-alcoholic
cirrhotics;* in one study, reduced caudate scan dimensions
cotrelated significandy with neuropsychological measures.?
Increased GABAergic output from the pallidum, equivalent
here to an increase in the uptake of ®™T¢-Fxametazime in
the posterior portion of the basal ganglia, may feed forward
to reduce function in anterior cingulate areas. Involvement
of the anterior cingulate cortex in the pattern of dysfunction
seen in the brains of patients with liver disease is especially
interesting given the current hypothesis that the loop
between basal ganglia and anterior cingulate areas subserves
attentional mechanisms.'®4* The neuropsychological
impairment in our patients was correlated directly with the
abnormality of function in both of these areas.

The differences observed in basal ganglia blood flow are
unlikely to represent an “aloohol effect”™ independent of liver
disease. In alcoholic Korsakoff’s syndrome we found no
differences in basal ganglia or limbic uptake of radiotracer
compared with controls.! However, one magnetic
resonance imaging study suggested changes in cerebral
structure, which were largely confined to alcoholic
cirthotics.* Alcoholic cirrhotics are likelv to have the
combined cerebral sequelae of chronic liver disease and
direct neurotoxic e¢ffects of aleohol,” bur even in non-
alcohelic cirrhotics there is cognitive impairment of the
degree found here with computed tomographic evidence of
reduced bicaudate diameter.?

Our results suggest an abnormality of regional brain
function in patients with hepatic cirrhosis, which is both
striking and neuropsychologically meaningful. None of the
patients studied were recovering from an acute illness or
from coma, and it is unlikely that changes in cerebral blood
flow represent resolving localised cerebral oedema. The
existence of neuropsychological deficits in patients who
were not frankly encephalopathic by the usual clinical
criteria has important implications for their identification
and management. SPECT imaging offers a new method for
investigating the underlying mechanisms of hepatic
encephalopathy.

We thank the Welicome Trust for inancial support, and Norma Brearley
for her careful preparation on the manuscript.
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