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Abstract
Understanding the pathophysiology of
paediatric head trauma is essential for
rational acute management. It has been
proposed that the response to severe head
injury in children differs from that in
adults, with increased cerebral blood flow
(cerebral hyperaemia) representing the
most common cause of raised intra-
cranial pressure, but this has recently
been disputed. The relation between the
pathophysiological response and time
after injury has not been defined in
children.
This paper describes 151 serial

measurements of cerebral blood flow,
arteriojugular venous oxygen difference
(AJVDo2), and cerebral metabolic rate
for oxygen (CMRo,) that were performed
in 21 children with severe head injury,
mean age 8 (range 2-16) years, Glasgow
coma score < 8.
Absolute cerebral hyperaemia was

uncommon, only 10 (7%) of the 151 cere-
bral blood flow values being at or above
the upper limit of the range published in
normal children. There was an inverse
correlation between cerebral blood flow
and intracranial pressure. (r = - 0-24,
p = 0.009). Contrary to the widespread
assumption that cerebral metabolic rate
in patients with head injury is always low,
CMRo, was initially within the normal
range in 17121 (81%) children. Both
CMRo, and AJVDo, fell significantly
between the first and third days after
injury. There was a non-significant rise
in cerebral blood flow over time.
These data represent the first evidence

that the temporal change in cerebral
metabolic rate reported in experimental
models of traumatic brain injury also
occurs in patients with head injury. The
changes in the pathophysiological
response over time suggest that the
management may need to be modified
accordingly. If cerebral metabolic rate
and cerebral oxygen extraction are maxi-
mal shortly after injury in children with
severe head injury then the children are
most likely to sustain secondary damage
during this period.

(3 Neurol Neurosurg Psychiatry 1995;58: 145-152)

Keywords: head injury; cerebral blood flow; intra-
cranial pressure.

Head injury is the most common cause of
death and long term morbidity in children
over one year of age.' 2 An understanding of
the underlying pathophysiology of traumatic
encephalopathy is fundamental to improving
its acute management. Most clinical studies
have involved mainly adults, however, with
children representing only a small proportion
of the study populations.

It has been proposed that the pathophysiol-
ogy of paediatric head injury differs from that
in adults, with increased cerebral blood flow
(cerebral hyperaemia) occurring more often in
children. This hypothesis was first advanced
by Bruce et al, who suggested that in children
increased cerebral blood flow led to increased
cerebral blood volume and thus to raised
intracranial pressure. These authors recom-
mended that comatose children with head
injury should be electively hyperventilated to
reduce cerebral blood flow35 and that mannitol
should be avoided,5 as this might increase
cerebral blood flow by decreasing blood
ViSCOSity.6
The recommendations advanced by Bruce

et al-5 have been widely published in books
and review articles.5 7-9 A recent study of cere-
bral blood flow in children and young adults
with head injury, however, failed to support
their hypothesis, Muizelaar et al concluding
that absolute cerebral hyperaemia is uncom-
mon in children with severe head injury.'0
The uncertainty concerning the pathophys-

iology of paediatric head injury extends to
cerebral metabolism as well as cerebral blood
flow. Swedlow et al reported increased
cerebral metabolic rate and appropriately
increased cerebral blood in some of the
children they studied."I By contrast,
Muizelaar et al concluded that cerebral meta-
bolic rate was always depressed.'0 No previous
study has investigated in detail the relation
between cerebral blood flow and cerebral
metabolic rate and time after head injury in
children.
The importance of defining the nature of

the changes in cerebral blood flow and metab-
olism that occur after severe head injury in
children is emphasised by the high incidence
of ischaemic brain damage found in neuro-
pathological studies of the brains of children
with fatal head injury.20
The aims of this study were: firstly, to mea-

sure cerebral blood flow and cerebral metabo-
lism serially in children who had a severe head
injury and to define their relation to age,
severity of head injury, time after injury, and
outcome; and secondly, to examine the
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hypothesis that raised intracranial pressure in
children with head injury is the result of
increased cerebral blood flow.

Patients and methods
PATIENTS
Ethical approval for the study was granted by
the local ethics committee and informed writ-
ten consent was obtained from the parent or

guardian. The study was performed in 21
children (mean age 8 (range 2-16) years) who
had sustained a severe head injury and were

receiving intensive care, including assisted
ventilation (table). The criterion for admis-
sion to the study was a Glasgow coma score'3
.8.14 In children younger than 4 years, the
adaptation of the Glasgow coma score

described by James and Trauner was used."5
The median Glasgow coma score was 6
(range 3-8).

MANAGEMENT
The clinical care of the children remained the
responsibility of the admitting neurosurgical
and anaesthetic teams. All were artificially
ventilated. The aim of ventilation was to
maintain Paco2 between 3 5-4 5 kPa, unless
there was a sustained rise in intracranial pres-
sure when PaCo2 was maintained below
3-5 kPa. Crystalloid fluids were restricted to
50% of normal requirements but colloidal
solutions were given as necessary to maintain
normal blood pressure. Nineteen children
received muscle relaxants (vecuronium
50-100,ug.kg-'.h-') and fentanyl (1.0-2.0
,ug.kg- l.h- 1); these agents were omitted in two
cases (cases 20 and 21) to facilitate neuro-

logical assessment.
Monitoring of intracranial pressure was

performed in 18 patients (86%) (see later).
Rises in intracranial pressure (defined as

intracranial pressure >20 mm Hg for more

than 10 minutes) 16 were treated either by
giving mannitol (0 5 g.kg-') or by increasing
the rate of ventilation. Steroids were not
given. In 17 children (81%), two channels of

an EEG were recorded continuously with a

miniaturised EEG (Oxford Medilog 9000)
and the tape was reviewed at eight-hourly
intervals for evidence of seizure activity. '7
Three children had seizures; two were treated
with thiopentone (cases 1 and 5) and one with
phenytoin (case 7).

Neurological outcome was scored after
discharge with an adaptation of the scales
employed by Berger et al'8 and Tasker et al.'9
The mean time between admission and
assessment was 15 (range 6-24) months.
Outcome was classed as "poor" if the child
died or survived with either a major neuro-

logical handicap (spastic tetraparesis, hemi-
paresis, uncontrolled epilepsy) or a major
cognitive handicap (defined as severe enough
to necessitate attendance at a special school);
as "moderate" if the child survived with a less
severe degree of neurological impairment,
controlled epilepsy, or behaviour disturbance,
and as "good" if the child had resumed pre-

injury activities with no neurological deficit
or apparent change in personality or school
performance.

METHODS
Serial measurements of cerebral blood flow
and the cerebral metabolic rate for oxygen

(CMRo2) were made if possible at least once a

day while the patient was receiving neuro-

intensive care. Each measurement was per-

formed when the patient's condition was

stable.

Measurement of cerebral bloodflow
Global cerebral blood flow was measured by
the Kety Schmidt technique, with 10%
nitrous oxide as the inert tracer.20 A detailed
description of our method has been pub-
lished.2' The estimate of error of the method
was 1-58% with 95% confidence limits of
1-02-2-88%.21 Thus the measured values are

likely to lie within + 3% of the putative true
value.2'
The results for cerebral blood flow are

reported uncorrected for arterial Pco2.

Details of the 21 children with severe head injury

Age Time of 1st Symbol (as CT
Case (y) Sex GCS measurement ICP used in figs) appearance Outcome

1 9 M 6 13 5 Y v Diffuse swelling Good
2 16 F 8 10 Y Diffuse swelling Good
3 16 F 7 26 Y 0 Focal contusion/SDH Good
4 2 M 8 20-5 Y * Focal contusion Good
5 3 M 6 8 Y A Focal contusion Good
6 12 M 4 9 Y V Diffuse swelling Good
7 8 F 6 19 Y A Diffuse swelling Moderate
8 2 M 8 16 5 Y in Bifrontal contusions Moderate
9 2 M 8 44 Y C7 LeftEDH Moderate
10 3 M 6 13 Y O DAI Moderate
11 5 F 4 38-5 Y 0 Diffuse swelling/SDH Moderate
12 6 M 8 12 Y O DAI Moderate
13 7 M 6 50 Y ' Normal Moderate
14 10 M 7 57-5 N Right frontal haematoma Moderate
15 4 M 3 7-3 Y Diffuse swelling/DAI Died
16 7 M 8 11 Y * Bifrontal contusions Died
17 8 M 4 15 Y 0 Diffuse swelling Poor
18 9 F 6 8 Y 0 Diffuse swelling/DAI Poor
19 12 M 4 22 N Nornal Poor
20 13 M 4 8 N Diffuse swelling/DAI Poor
21 15 M 3 6 N Multiple contusions Died

GCS = Glasgow coma score; ICP = intracranial pressure; Y = monitored; N = not monitored; SDH = subdural haematoma;
EDH extradural haematoma; DAI = diffuse axonal iniurv.
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Measurement of cerebral metabolic ratefor oxygen
At the end of each measurement of cerebral
blood flow, arterial and superior jugular
venous bulb blood samples (0 5 ml) were
obtained. Blood gas analysis was performed
immediately with a Radiometer analyser
(Corning 1312); the oxygen saturation and
haemoglobin concentration were measured
with a Co-Oximeter (Corning 2500) and oxy-
gen content calculated according to the equa-
tion22

02 content = Hb x 02 sat x 1-39 + (0-023 x Pao2)
where Hb is the haemoglobin concentration,
02 sat is the oxygen saturation and Pao2 is the
arterial partial pressure of oxygen.
The cerebral metabolic rates for oxygen

(CMRo2) were calculated from the equa-
tion20 21

CMRo2 =CBF x (A -V)

where CBF is cerebral blood flow, and A
and V are the arterial and venous oxygen
concentrations.

Figure 1 Mean value
and range of (A) cerebral
bloodflow (CBF); (B)
CMRo2; (C) AJVDo2 for
each of the 21 patients in
relation to age. The shaded
part of each graph
represents the range
reported in normal children
by Settergen, et al.24There
was no correlation between
age and mean CBF
(r = - 018, p = 0O43),
mean CMRo2 (r = 0-24,
p = 0-29), or mean
AJVDo2 (r = 016,
p = 0-48).
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Measurement of intracranial pressure
Intracranial pressure was monitored in 18
patients; in five children via a fluid filled
ventricular catheter connected to an exter-
nally mounted pressure transducer (Viggo-
Spectramed, Swindon, UK) and in 13, by a
subarachnoid catheter with a Camino trans-
ducer on its tip.23 The wave form was dis-
played continuously on a monitor (Simonsen
and Weel Monitor, System 8000, Triscope).
The mean intracranial pressure was recorded
at the commencement of each measurement
of cerebral blood flow and metabolism.

Results
A total of 151 measurements of cerebral
blood flow, arteriojugular venous oxygen con-
tent (AJVDo2), and CMRo0 were performed
in the 21 children. The mean number of cere-
bral blood flow measurements performed in
each patient was seven (range 1-21) and the
mean duration of each study was 69 (range
4-196) hours (table).

In 10 children (48%) the first measurement
was performed within 12 hours after injury
and in 18 (86%) within 24 hours. The median
time between injury and the first measure-
ment in all 21 children was 13-0 (range
5 75-50) hours. In the three children with
intracranial haematomas (cases 3, 9, and 11),
all the measurements of cerebral blood flow
were performed after surgical evacuation of
the haematoma.
One measurement was associated with

EEG evidence of seizure activity and has been
excluded from further analysis.

RELATION OF CEREBRAL BLOOD FLOW, CMRO,
AND AJVDO2 TO AGE, GLASGOW COMA SCORE,
AND OUTCOME
Figure 1 shows the mean value and range of
cerebral blood flow (fig 1A), CMRo2 (fig 1B),
and AJVDo2 (fig 1 C) for each of the 21
patients in relation to age. The values varied
considerably, both within and between
patients. There was no correlation between
the age of the patient and mean cerebral
blood flow (r = - 0 18, p = 0-43), mean
CMRo2 (r= - 0-24, p = 0 29), or mean
AJVDo2 (r = 0-16, p = 0-48).

Figure 2 illustrates the relation between the
admission Glasgow coma scores and the ini-
tial measurement of cerebral blood flow (fig
2A), CMRo2 (fig 2B), and AJVDo2 (fig 2C)
obtained in the 21 children. There was no
correlation between cerebral blood flow and
conscious level (fig 2A) (r = 0 04, p = 0-88)
but there was a significant relation between
Glasgow coma score and CMRo2 (fig 2B) (r =
0-43, p = 0-049) and AJVDo2 (fig 2C) (r =
0-47, p = 003).
The Glasgow coma scores obtained from

the 14 children who had a good or moderate
outcome (mean 6 60) were significantly
higher than those obtained from the seven
children who had a poor outcome (mean 4-6;
Student's t test, p = 0 011). In the first 24
hours, mean cerebral blood flow in patients
who had a good or moderate outcome was
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Figure 2 Relation
between the admission
Glasgow coma scores and
the initial measurement of
(A) cerebral bloodflow
(CBF); (B) CMRo,; (C)
AJYVDo, obtained in the
21 subjects. The shaded
part of each graph
represents the range
reported in normal children
by Settergen et al.24 There
was no correlation between
CBF and conscious level
(r = 0-04, p = 0-88), but
there was a significant
relation between Glasgow
coma score and CMRo,
(r= 0-43,p = 0-04)
and A_VDo, (r = 0-47,
p = 0-03).
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Figure 3 Relation between cerebral bloodflow (CBF)
and intracranial pressure (ICP) for the 122 measurements
for which simultaneous results were available, excluding
the result associated with a seizure. Each patient is
represented by a different symboL. Overall, there was a

signi~ficant inverse relation between GRE and intracranial
pressure (r = - 0-24, p = 0-009). The vertical dotted lines
represent the range of normal values for GRE described by
Settergen et al.24

0.oi (case 21) in whom mean AJVD02 was very
low, brain death tests subsequently proved

3 4 5 6 7 8 9 positive. The EEG recording obtained from
4.0 C this patient was of low amplitude throughout,

0 whereas the EEG recordings obtained from
. the other children at the time of admission to

3.0 the intensive care unit showed high voltage
25 ~~~~~~~~~~slowwave activity.
20~~~~~~~~

.......
H

~. Values for cerebral blood flow tended to be
F

low, 116/150 (77%) being below the mean

1.5 .- . cerebral blood flow value reported in normal
2.-. children212 and only 9/150 (6%) being at or

1.0 ............above the upper limit of the normal range.12
0.5-Despite the low cerebral blood flow results,
0.0 ~~~~~~~~~AJVDo,values also tended to be low, 121/150

(81%) falling below the mean AJVDo2 value
3 ~~~~~~~~reported in normal children and only 29/150

Glasgow coma score (19%) were above the normal mean.2'2 Only
three AJVDo2 values were above the upper
limit of the normal range.2'2

significantly higher than in those who had a
poor outcome (Student's t test, p = 0-015).
Mean CMRo2 in the first 24 hours was also
significantly higher in children who had a
good or moderate outcome compared with
those who had a poor outcome (Student's t
test, p = 0-017). After 24 hours, neither mean
cerebral blood flow nor mean CMRo2 differed
significantly between children who had good
or moderate outcomes and children who had
poor outcomes (Student's t test, cerebral
blood flow; p = 0-94; CMRo2; P = 0-47).

REL-ATION OF CEREBRAL BLOOD FLOW_, CMRO2,
AND AJVD02 TO RESULTS REPORTED IN
NORMAL CHILDREN
The shaded portions of each graph in fig 1
represent the ranges obtained in normal chil-
dren by Settergren et al1.2' 24 For 17 of the
study patients (81 %), mean cerebral blood
flow and mean CMRo2 fell within the normal
range; the mean AJVD02 fell within the nor-
mal range in 20 patients (95%). In the child

REL-ATION OF CEREBRAL BLOOD FLOW TO
INTRACRANIAL PRESSURE
Figure 3 illustrates the relation between
cerebral blood flow and intracranial pressure
for the 122 measurements for which simulta-
neous results were available, excluding the
result associated with a seizure. Overall, there
was a significant inverse relation between
cerebral blood flow and intracranial pressure
(r =-0-24, p = 0-009). In only three results
(2%), obtained from two children, were
increased intracranial pressures (>20 mm Hg)
associated with cerebral blood flow above the
upper limit of the normal range.'0O 1 6

To investigate further the nature of the
relation between cerebral blood flow and
intracranial pressure, the 122 cerebral blood
flow measurements were divided into two
groups, according to whether or not intracra-
nial pressure at the time of the measurement
was significantly increased (>20 mm Hg) .0
Values for cerebral blood flow associated with
significantly raised intracranial pressure

148

A

2-5 1 B



Cerebral bloodflow and metabolism in children with severe head injury. Part 1

1.6 -A

1-4

1.2-

0.8 N-#"?0.6

0-4 *4-w
02

to
0

1.6

1.4

1.2

E 1.0

IC 0.8
E 06

u 0.4

0.2
4 I 6 1 1 1 1 1

24 48 72 96 120 144 168 192 216

3-0 - B

2-5-

20
-

i'a

2-0 - ,...,

150-5-
105

0 24 48 72 96 120 144 168 192 216

E

_
-

E0)

Eg.
0

0 24 48 72 96 120 144 168 192 216

Time after injury (h)

(>20 mm Hg; n = 56, mean cerebral blood
flow 0A47 (range 0-18-1-56) ml.g-'.min-'),
were significantly lower than those associated
with lower values for intracranial pressure
(<20 mm Hg; n = 66, mean cerebral blood
flow 0 57 (range 0O26-1-33) ml.g-'.min-';
Student's t test, p = 0O037).

RELATION OF CEREBRAL BLOOD FLOW, CMRO,
AND AJVDO2 TO TIME AFTER INJURY
Figure 4 shows the relations between time
after injury and cerebral blood flow, CMRo2,
and AJVDo2. Fourteen patients had measure-

ments performed on the first, second, and
third days after injury. The cerebral blood
flow increased slightly between the first and
third days after injury in these patients, but
the difference in the results did not achieve
statistical significance (fig 4A); (paired t test,
p = 0 06). By contrast, CMRo2 and AJVDo2
fell significantly between the first and third
days after injury (fig 4B and C; paired t test,
CMRo2; p = 0-001; AJVDo2; p = 00003). In a

number of the children who survived, CMRo2
and AJVDo2 tended to rise again towards the
end of the period of intensive care (fig 4B and
C).

c

E

0

:-

0

A

1 2 3

Time after injury (days)

2-5k B

2.0 F-

1.51-

1*0 [-

0s F-

0 1 2 3

Time after injury (days)

I_

E

0)

0

4.0

3.5

3.0

2.5

2.0

1.5-

1*0

0.5

0

C

0 1 2 3

Time after injury (days)

Figure 5 Relation between time after injury and (A)
cerebral bloodflow (CBF); (B) CMRo,; (C) AJVDo2
according to admission Glasgow coma score. The means of
the results obtainedfrom patients with an admission
Glasgow coma score of3 or 4 are represented by closed
diamonds (n = 7); the mean of the results obtainedfrom
patients with an admission Glasgow coma score of 5 or 6
by open squares (n = 6); and the mean of the results
obtainedffrom patients with admission Glasgow coma
scores of 7 or 8 by closed circles (n = 8). CMRo0 and
AJ7VDo fell over time in patients with Glasgow coma
scores 5-8, but remained low throughout in patients with
admission Glasgow coma scores of3 or 4. Error bars are
SEM.

The fall in CMRo2 and AJVDo2 occurred
in patients with primary injuries of varying
severity, as evidenced by admission Glasgow
coma scores that ranged from 3-8. The fall
was much less pronounced in the most
severely injured children (Glasgow coma

scores 3 or 4), in whom both CMRo, and
AJVDo, were often very depressed from the
time of the first measurement (fig 5B and
C).

Figure 4 Relation
between time after injury
and (A) cerebral blood
flow (CBF); (B) CMRo2; 'C
(C) AJVDQ2 for all 21
subjects. The shaded part
of each graph represents the
range reported in normal
children by Settergen et E
al. 24 LLm
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Discussion
The results of this study do not support the
proposal that children have raised cerebral
blood flow after severe head injury. Instead,
they confirm the findings of Muizelaar et al,'0
who concluded that absolute cerebral hyper-
aemia is an uncommon finding in such
patients. Only one child in the present study
had cerebral blood flow values consistently
above or in the upper part of the range
reported in normal children.2124 These find-
ings are similar in nature to those previously
reported in adults with severe head injury, 25-28
and together with the lack of any relation
between cerebral blood flow and age, suggest
that there is no fundamental difference
between adults and children in the patho-
physiological response of cerebral blood flow
to severe head injury.

In this study, raised intracranial pressure
was associated with low, rather than
increased, cerebral blood flow and thus does
not support the hypothesis that raised
intracranial pressure occurs as a result of
excessive cerebral blood flow in children with
head injury.3-5 The data support the conclu-
sions of Muizelaar et al'° and suggest that it is
unnecessary to avoid the use of mannitol in
children with head injury.

Cerebral blood flow and AJVDo0 values in
this study have been reported uncorrected for
Paco2, despite the fact that the study children
were electively hyperventilated (mean PaCo2
3-96 (range 2-1-5.5) kPa. This was done
because of the clinical and experimental evi-
dence to show that if hyperventilation is pro-
longed beyond six hours, cerebral blood flow
returns to normal despite persisting low
Paco2.29<'4 Correction for Paco2 will therefore
produce misleading results. Even if our cere-
bral blood flow results are corrected to a stan-
dard normal Paco2 (39 mm Hg), however,
there is still an inverse correlation between
intracranial pressure and cerebral blood flow
(r = - 0 19, p = 0037).
The study by Graham et al has shown that

generalised ischaemic damage is an almost
universal finding in children with fatal head
injury.'2 It is a paradox, therefore, that the
children in this study who died had very low
cerebral metabolic rates and very low cerebral
oxygen extraction, as indicated by the
AJVDo0 values.

There are various possible explanations for
the apparent discrepancy between the findings
of this study and those of Graham et al.'2 It is
possible that as the measurements were inter-
mittent, episodes of cerebral ischaemia may
have occurred between measurements.35 The
Kety Schmidt technique measures global
cerebral blood flow and would not detect
focal areas of ischaemia. Regional differences
in cerebral blood flow in patients with head
injury are usually minor, however, and super-
imposed on global changes in flow.25 36-38
Neither of these explanations consider the
issue of the change in the pathophysiological
response to injury over time, which was the
most striking finding of the study.
The decrease in CMRo2 and AJVDo2 with

time after injury raises the possibility that
cerebral metabolic rate might have been high-
est in these subjects immediately after the
head injury. If cerebral blood flow is at its
lowest at this time,39 then cerebral oxygen
delivery might be insufficient for cerebral
metabolic needs, resulting in secondary
ischaemic brain damage. This study is the first
to describe a fall in CMRo2 with time in
patients with head injury although a recent
paper by Bouma et al has described a pro-
nounced fall in AJVDo2 over time in adults
with head injury.'9 There have been experi-
mental studies in rats and cats, however,
which have indicated that traumatic brain
injury initially produces an increase in cere-
bral metabolic rate, which later gives way to a
state of cerebral hypometabolism.4"4
The changes in CMRo2 and AJVDo2 with

increasing time after injury cannot simply be
attributed to sedative agents, because fen-
tanyl, when given alone, has no appreciable
effect on CMRo2.45 Neither can they be attrib-
uted to changes in Paco2 concentration, as
even if AJVDo2 values are corrected to a stan-
dard Paco2, a significant fall in AJVDo2 is still
seen between the first and third days after
injury (paired t test, AJVDo,, p = 0001).
Correction for Paco2 would not affect CMRo2
results.

If children with head injury are most at risk
of sustaining ischaemic brain damage in the
first few hours after injury then optimal man-
agement at this time may be of critical impor-
tance in determining eventual outcome. In
particular, early hyperventilation to prevent
raised intracranial pressure46 may run the risk
of producing or exacerbating ischaemic dam-
age in some patients.'9

There is an alternative hypothesis that
might explain the apparent discrepancy
between the low incidence of metabolic evi-
dence for cerebral ischaemia noted in clinical
studies and the high incidence of ischaemic
injury found on neuropathological examina-
tion in patients with fatal head injuries and
that would also account for the finding that
children who died or survived with significant
handicap had the lowest cerebral metabolic
rates. This hypothesis has been propounded
by Yang et al47 and Vink et al,48 who proposed
that cerebral trauma results in an impairment
of brain mitochondrial respiratory chain func-
tion, thus preventing oxygen being utilised for
aerobic metabolism. If this hypothesis is cor-
rect, then cerebral oxygen extraction and
CMRo2 do not accurately reflect neural meta-
bolic demands and cerebral ischaemic damage
could occur despite a superabundant supply
of oxygen to the brain.'949

Disturbances of mitochondrial respiratory
function have been extensively reported in
animal models of cerebral ischaemia.5052 In
some cases the dysfunction has been noted to
worsen over time.5' 5 If a similar disturbance
of mitochondrial function occurs after severe
head injury, this could explain the low values
for CMRo, and AJVDo,, which were
obtained in the most severely injured children
in this study and might account in part for the
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fall in CMRo2 and AJVDo2 over time. A
reversible inhibition of mitochondrial function
might produce a fall in CMRo2 followed by a
rise in CMRo2 concomitant with clinical
improvement; irreversible inhibition might be
associated with a persistently low CMRo2 and
noticeable brain damage. In some experi-
mental studies of hypoxic-ischaemic brain
damage, poor neurological outcome has been
directly correlated with persisting abnormali-
ties of mitochondrial function.53-55 If mito-
chondrial dysfunction occurs after head injury
then it would explain the finding of Robertson
et al, who have reported cerebral lactate pro-
duction, indicating anaerobic glycolysis, in
association with cerebral metabolic rate and
low oxygen extraction in patients with severe
head injury.4956 Identification of the under-
lying processes might potentially lead to the
eventual introduction of treatments to prevent
or reverse such dysfunction5758 and might
improve outcome.
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NEUROLOGICAL STAMP

Humulus lupulus (hop)

The hop plant (Humulus lupulus) is a climbing vine of the
hemp family of which cannabis is also a well known
member. It has grown wild since ancient times in
Europe, Asia, and America. From early antiquity its
young shoots were eaten as a vegetable and its dried cone

was used for its slightly narcotic effect to produce a seda-
tion against mania, toothache, earache, and neuralgia.
Hops were not commonly employed in beer making until
the 14th century when they were used by the Dutch. In

England the plant was looked on as an unwholesome
weed that promoted melancholy and Henry VI and Henry
VIII prohibited its use during their reigns in the 15th and
16th centuries. It was not until the 17th century that hops
gained acceptance in England, both as an ingredient of
beer and as a medicinal herb. A writer noted that the herb

"preserves the drink, indeed, but replays the pleasure in
tormenting diseases and a shorter life". In the late 19th
century, hops were being recommended as a diuretic, a

tonic, and a sedative.
The hop, along with other medicinal flowers, is shown

on a stamp of Yugoslavia issued in 1955 (Stanley
Gibbons 792, Scott 424).
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