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SUMMARY The pressure of cerebrospinal fluid taken at lumbar puncture was recorded
objectively by strain gauge pressure measurement in 35 infants and children with pyogenic
meningitis. Raised pressures were found in 33 children. The median pressure was 15 mm Hg
(range 4-70 mm Hg) in all age groups. The pressure level varied throughout the infection, but a
higher median pressure (19 mm Hg) was found when this was measured on the day of admission.
The clinical features of the meningitis in these patients suggest that many of the presenting
symptoms and signs are those of pressure. These results show that high pressure is frequently
present in childhood meningitis, not just in those who die from cones or who have radiological
evidence of hydrocephalus. We conclude that raised cerebrospinal fluid pressure is a frequent
accompaniment of childhood meningitis and may need treatment in its own right and is therefore
one further important factor influencing the course and outcome of childhood meningitis.

The outcome from bacterial meningitis in infancy
and childhood has not significantly improved over
the last 15 years. In a series from Boston there was a
mortality of 6*4% for all types of meningitis in
infancy and childhood.1 A recent report from the
United Kingdom found an 8-6% mortality from
bacterial meningitis in the first year of life.2
One possible cause for therapeutic failure and this
morbidity and mortality may be the failure to
recognise and treat accompanying raised intracranial pressure with its effect of impairing cerebral
blood flow with subsequent ischaemia. Brain swelling has been recognised as an important contributing factor to the mortality and morbidity in some
cases of pyogenic meningitis.3 It has been suggested
that monitoring cerebrospinal fluid pressure and
aggressive treatment could be crucial to survival in
selected cases of meningitis which had clinical
features of raised intracranial pressure.4 Evidence,
however, for raised pressure in pyogenic meningitis
has relied largely upon necropsy reports of brain
swelling and cones. In a review of the literature
Addy deduced that coning may contribute to the
outcome in perhaps 30% or more deaths from

were normal on long term follow up and the author
considered a cerebral perfusion pressure greater
than 30 mm Hg a significant pointer to survival.
This paper is a descriptive account of the intracranial pressure (and the cerebral perfusion pressure) from direct lumbar puncture recordings, with a
non-fluid displacement method, in 35 infants and
children with different types of pyogenic meningitis.

meningitis.5

Direct measurement has been undertaken in

severely ill ventilated children with infections of the
central nervous system, 11 of whom had meningitis.
For these 11 comatose patients the maximum
intracranial pressure was 47 mm Hg and the minimum
cerebral perfusion pressure 30 mm Hg. Only four
814

Patients and methods
The patients were all treated at the Royal Hospital
for Sick Children, Edinburgh, in the neurology unit.
There were 35 children who had pressure in the
lumbar cerebrospinal fluid measured in the course
of pyogenic meningitis. Their median age was 10
months ranging from 1 month to 13 years; 18 were
infants. There were 23 boys and 12 girls. The
patients included in this study were both selected
and unselected: they were selected in that the
neurology unit at this hospital does not see all
admitted patients with pyogenic meningitis, and
frequently only sees pyogenic meningitis with neurological complications. Eight of these patients had
already commenced antibiotic treatment when
transferred from another hospital or unit. They were
unselected in that all available pressure recordings
of lumbar cerebrospinal fluid obtained in patients
with pyogenic meningitis over the last eight years
were included in this study.
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between admission to hospital and this pressure
recording ranged from 0-13 days. Twenty two of the
35 patients' recordings were from lumbar puncture
on the day of admission.
TECHNIQUE

The cerebrospinal fluid pressure recordings were
obtained at the time of lumbar puncture. We used a
non-displacement method of measuring the cerebrospinal fluid pressure by connecting a strain gauge
pressure transducer (attached to a three way tap) to
the end of the spinal needle when the stilette had
been removed and the cerebrospinal fluid had
reached the mouth of the needle.7 The presence of a
pulse wave verified the position of the spinal needle
and showed the respiratory and cardiac component
of the pressure wave.
The strain gauge transducer was calibrated before
procedure with a sphygmomanometer over a range
of 0-50 mm Hg. The transducer was then sterilised
in a 2% solution of glutaraldehyde (Cidex). The
signal from the transducer was written out as a
permanent record on a physiological pen recorder.
A minute or more of recording was obtained while
the patient was permitted to relax a little with
slightly reduced flexion, with the head and neck in a
neutral position and no undue abdominal compression. After a few minutes, the patient relaxed and
the pressure dropped to its true height. At this level
with free communication in the cerebrospinal fluid
spaces, the pressure of the lumbar cerebrospinal
fluid reflected the intracranial pressure.
These pressure recordings of lumbar cerebrospinal fluid were only obtained in situations where a
lumbar puncture was indicated and clearly would
not be obtained where there were absolute contraindications to doing a lumbar puncture in the first
place (such as a coma, decerebration, papilloedema,
retinal haemorrhages, evidence of space occupation,
etc) without first scanning the patient. This method
of lumbar pressure recording was both more accurate
and potentially safer than the older open ended
manometric methods. It was more accurate in that
cerebrospinal fluid was not displaced from a closed
craniovertebral axis into a capillary column in order
to measure the pressure. It was potentially safer in
that if high pressure was found, then without
removing cerebrospinal fluid, mannitol (7 ml/kg of
20% solution) and frusemide (1 mg/kg) could be

unequivocal, therefore if coma was present (to the
extent of failure to localise pain) a computed
tomogram was performed to determine if the basal
cisterns were open and there was no space occupation. Should a subsequent lumbar puncture be
necessary in the course of treatment of meningitis,
or if intrathecal antibiotics were being used, then
lumbar puncture pressures were recorded on each
occasion.

Before lumbar puncture a blood pressure
measurement was obtained by conventional
sphygmomanometer cuff on the upper limb. This
allowed calculation of a single cerebral perfusion
pressure value using the classical method-that is,
by subtraction of the mean cerebrospinal fluid
pressure from the mean systemic blood pressure.
Results
A positive bacteriological identification of the infecting organism was made in 26 cases: seven were
due to meningococcal meningitis, 11 to Haemophilus
influenzae, four to pneumococcus, one to tuberculous meningitis, one patient had two organisms
(meningococcus and haemophilus), one a pasteurella organism, and one a coliform. Four further
cases were partially treated on admission and no
organism cultured. Five further cases were clinically
recognised as meningococcal without bacteriological
confirmation.

The clinical presentation of the symptoms and
signs that were apparent at any stage during the
course of the pyogenic meningitis are shown in
table 1.
Brain imaging by either ultrasound scanning or
computed tomography was not available on all
patients at a consistent time in the course of the
meningitis but on 10 occasions there were abnormal
imaging results in the form of oedema, dilatation of
the lateral and third ventricles, subdural effusions or
collections and tight ventricles from oedema. An
increase in the size of the subarachnoid space
together with an increased echogenicity of the
interhemispheric convolutions, and increased parenchymal echogenicity as previously described, was a
not infrequent appearance.
Fifteen of these 35 patients had the pressure of
their lumbar cerebrospinal fluid measured while
having mannitol or immediately after the adminis-
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From the onset of symptoms until pressure given with an immediate effect on the cerebrospinal
recording of lumbar cerebrospinal fluid, there was a fluid pressure.
The signs and symptoms of raised intracranial
median of three days (range of 0-5 days to 21 days).
This pressure recording was the first lumbar pressure are known to be unreliable, variable,
puncture (that is, in which the diagnosis of meningitis unusual, and even absent.8 A tense anterior fonwas made) in 28 cases and was a subsequent lumbar tanelle does not show the extent to which the
puncture recording in seven patients. The time pressure is raised,9 whereas direct measurement is

Table 1 Frequency of symptoms and sig)ns in 35
pyogenic meningitis

of tration of mannitol. Twenty did not have mannitol
at the time of this lumbar puncture recording. Only
two of these 35 children had an intracranial pressure
No of children
measurement that could be considered in the normal
range for age (as defined in table 2). The normal
31
range of pressure was calculated by an extensive
29
literature search and the upper limit defined for

Symptoms:
Fever
Headache/irritability
Vomiting
Anorexia
Seizure
Lethargy
Diarrhoea
Photophobia
Stridor

cases

22

14
10

9

S

Signs:
Neck stiffness
Drowsiness
Respiratory dysfunction
Abnormal tone
Pallor
Tense anterior fontanelle
Rash
Opisthotonos

infants, children (up

to

14 years), and

obtained.

22

was

21

The median and range of lumbar cerebrospinal
fluid pressure measurements are shown in table 3.
These values are higher than the expected mean
cerebrospinal fluid pressure values in normal individuals. The 35 cerebrospinal fluid pressure values
from 35 children with pyogenic meningitis are
contrasted with normal intracranial pressure upper
limits extracted from the literature and shown in fig
1. Blood pressure measurement before lumbar

18
18
13
12

Squint
Positive Kernig's sign
Papilloedema

neonates,

adults. On this basis, only two children had intracranial pressure measurements in the normal range
and one of these was on the 17th day of the child's
illness, three days after admission to hospital. The
other was in the intensive care unit and it was seven
days after admission when this pressure recording

8

8
8

Table 2 Mean upper limit of normal intracranial pressure derived from studies where intracranial pressure was objectively
measured
Normal pressure
(mm Hg)

Method

Neonates:
Welch 198011
Welch 197812
Kaiser and Whitelaw 198613
Gerlach et al 196714

0-29-4-41
<2-94
2-8 (1-4) (SD)
0-74-1-03

Fontanometry
Fontanometry
Lumbar puncture
Lumbar puncture

Infants:
Welch 1980"
Gaab et al 1980's
von Wild and Porksen 198016
Sidbury 1920''
Levinson 192818
Munro 1928'9

1-84-12-15
5 (2) (SD)
-2-5
2-21-5-15
1-47-5-15
2-12-5-88

Fontanometry
Fontanometry
Fontanometry

2-94-4-41
3-31-6-99
2-94-5-88
2-94-7-35
2-94-7-35

Lumbar
Lumbar
Lumbar
Lumbar
Lumbar

Mean upper normal limit
(mm Hg)

Lumbar puncture
Lumbar puncture
Lumbar puncture

<3 5

<5 8

Children:

Quincke 189120
Levinson 192321
Levinson 192818

Lups and Haan 195422
Gerlach et al 196714
Adults:
Merritt and Fremont-Smith
Masserman 193424
Masserman 193525

Spina-Franca 196326
Tourtellotte et al 196427
Gilland et al 197428
Ekstedt 197829
Ferris 19413(

193723

<13-24
10-9 (2-5) (SD)
11-1 (2-1) (SD)
3-14-5
11 (2-4) (SD)
11-5 (2-6) (SD)
10-3 (1-5) (SD)
<17-6

puncture
puncture
puncture
puncture
puncture

Lumbar puncture
Lumbar puncture
Lumbar puncture
Cisternal puncture
Lumbar puncture
Lumbar puncture
Lumbar puncture
Lumbar puncture

<6-4

<15-3
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No
of patients

Median (range)
cerebrospinal

fluid pressure
(mm Hg)
All patients
At diagnostic lumbar puncture
Aged<1 year
Aged>1 year
Aged>1 year and at
diagnostic lumbar puncture
Aged>1 year with lumbar
puncture on day of
admission

35
28
18
17

15
15
15
15

15

15 (8-70)

10

19 (8-70)

(4-70)
(8-70)
(4-28)
(5-70)

0

70-

60c

50'

IO

t

00

40

L30-

O0

00
20-

20

!O

00

Discussion

00

0

0
0

100

moderate handicap, grade 4 was profound handicap,
and grade 5 was death.
There were no deaths in this series. Twenty four
of these children with pyogenic meningitis were
neurodevelopmentally normal at the time of follow
up, and eight had a minimal handicap (one was
delayed slightly in development, one had mild
hypotonia, three had squints, two had mild deafness, and one had controlled seizures). Three
children suffered severe handicap (one was deaf,
blind and mentally handicapped with hydrocephalus, a second was hydrocephalic, deaf, blind, had
seizures and cerebral palsy, and the third had severe
cerebral palsy, epilepsy, and choreoathetosis). The
period of follow up was from one month to six years
10 months, a median follow up of one year and one
month. As might be expected there was no correlation between mean intracranial pressure or cerebral
perfusion pressure measurements and outcome, nor
between the cells or protein in the cerebrospinal
fluid and outcome. In particular, there was no
correlation of age with outcome.
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Fig 1 Cerebrospinal fluid pressure measurements from
35 children with pyogenic meningitis compared with the
normal upper limits as previously defined.
(0) =pressure level without mannitol. (@)=pressure level
after mannitol plus frusemide.
puncture was available on 33 children. The

mean

(SD) systemic blood pressure was 80 5 (11.9)
mm Hg. The cerebral perfusion pressure was
calculated individually on 33 children and the median
pressure was 65 mm Hg (range 8-88 mm Hg) when a
raised cerebrospinal fluid pressure was present.
There was no correlation between the levels of
pressure and the cell counts, or cerebrospinal fluid
protein concentrations.
The outcome categories are those suggested by
Seshia et al with five grades of outcome: 1, normal;
2, mild handicap as suggested by minimal alterations
of tone, reflexes, an isolated cranial nerve palsy,
mild weakness or ataxia, moderate handicap; 3,
moderate weakness or ataxia, behaviour disturbance, cranial nerve involvement; 4, severe handicap,
severe weakness or ataxia, tetraplegia; and 5,

A single pressure recording of lumbar cerebrospinal
fluid was made in each of the 35 children with
pyogenic meningitis. These values were raised in 33
of the 35 cases when compared with normal pressures
ascertained by an exhaustive literature search of
papers where the cerebrospinal fluid pressure was
directly measured.
This rise in lumbar cerebrospinal fluid pressure
was despite the fact that some of these lumbar
pressure recordings were measured at diagnostic
lumbar puncture, after mannitol administration, or
after commencement of treatment. The median
pressure of lumbar cerebrospinal fluid was 15 mm
Hg (4-70 mm Hg) with a slightly higher value for
meningitis after 12 months of age when children had
a pressure recording early in the course of their
meningitis of 19 mm Hg (8-70 mm Hg). The range
of this pressure rise was up to 70 mm Hg in one case
(patient not given mannitol). It could reasonably be
assumed that the 15 patients who had their cerebrospinal fluid pressures measured immediately after
mannitol would have had considerably higher cerebrospinal fluid pressures had mannitol not been
given. Daily or sequential pressure measurements
were obtained in only a few children and apart from
the frequent finding of raised pressure early in
meningitis, raised pressures were frequently found
at other times and could vary significantly from day
to day.
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Table 3 Median and range of cerebrospinal fluid pressures death.3' In terms of development state, grade 1 was
in patients with pyogenic meningitis
normal, grade 2 was mild handicap, grade 3 was

recordings is consistent with there being a high
cerebral perfusion pressure.
THEORETICAL REASONS FOR RAISED PRESSURE

These results suggest that a raised cerebrospinal
fluid pressure is much more common than has been
suggested by the number of meningitic deaths from
pressure coning. There are several possible theoretical reasons to explain rises of the cerebrospinal
fluid pressure: (a) arachnoid granulations become
occluded; (b) constriction and strangulation of
cerebral veins; (c) cerebritis; and (d) a generalised
inflammatory brain oedema; (e) adhesive formation
at the base of the brain; (f) inappropriate secretion
of antidiuretic hormone; (g) subdural effusions or
haematoma or abscesses; (h) major seizures or
status epilepticus33; and (i) an increase in cerebrospinal fluid production.
We have observed that the response to mannitol
varies. In some patients the raised pressure may
take 25 minutes to return to normal values, while in
other cases (fig 3) the response is more dramatic,
suggesting that different pathological mechanisms
are responsible for the oedema or hydrocephalus in
different patients. It is possible that more than one
of the above mechanisms may be operative in any
one patient. As there were only 15 patients who
received mannitol, the precise intracranial pressure
response in patients with pyogenic meningitis would
require investigation in a larger series. No one type
of organism resulted in pressure significantly different from another, that is, haemophilus, meningococcus, or pneumococcus were not more prone to
higher pressures in this series.
CLINICAL FEATURES OF MENINGITIS AND PRESSURE

Many of the clinical features in this series (tense
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Fig 2 A 12 month old boy with Haemophilus influenzae
infection who was given mannitol during recording of
cerebrospinalfluid pressure at lumbar puncture, with a slow
return of the pressure from 30 mm Hg to normal, and who
required intravenous frusemide. The recording
shows typical 'C waves' with a ramped appearance.

. ......r

, s

^

..;..1.^¢..: .!.

Fig 3 A 2½/2 year old boy with meningococcal meningitis
and septicaemia whose cerebrospinal fluid pressure at
lumbar puncture decreased from 43 mm Hg to normal
values in approximately 12 minutes with mannitol infusion.
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Although the normal values are quoted in the
literature, most clinicians use as a rule of thumb a
normal intracranial pressure of adults and older
children as being less than 10 mm Hg with values of
10-20 mm Hg thought to be raised but not requiring
any treatment and those values above 20 mm Hg as
being unequivocally raised. In this whole series 13
cases had intracranial pressure levels of 20 mm Hg
or more and in children over the age of 12 months,
all but two had values in excess of 10 mm Hg.
Simultaneous blood pressure measurements
allowed a cerebral perfusion pressure to be calculated but despite the high cerebrospinal fluid pressure, the cerebral perfusion pressure values in only
two children were below acceptable levels of 30 mm
Hg. It is suggested that cerebral autoregulatory
mechanisms are non-functioning in severe infections
of the central nervous system in which case the
cerebral blood flow is passively dependent on the
systemic blood pressure maintaining a cerebral
perfusion pressure. The high cerebral perfusion
pressures (despite the fact that they are single
measurements) in this study reflect a Cushing effect
of an increase in systemic blood pressure secondary
to raised intracranial pressure, which is a compensatory mechanism which maintains an adequate perfusion pressure despite a raised intracranial pressure.
'C waves' were originally described as spontaneous
fluctuations in the intracranial pressure signal occurring at 6/minute (range 4-8).3 'C waves' have not
previously been reported in meningitis but occurred
in eight patients in our series (fig 2). It has been
postulated that they reflect Traube-Hering-Mayer
vasomotor waves that occur in the systemic blood
pressure. They are part of the Cushing phenomena
and occur with raised intracranial pressure. An
intact Cushing response is a protective mechanism
to maintain cerebral perfusion pressure and the
frequent observation of these 'C waves' in our

fontanelle, squint, neck stiffness, posturing, vital
sign abnormalities, opisthotonos, and papilloedema)
are in fact signs of raised intracranial pressure,
although they are traditionally thought of as signs
of meningeal infection. Our observation of frequent
raised pressure would confirm some of the clinical features as pressure signs more than infection
signs.
IMPORTANCE OF RAISED PRESSURE (IMMEDIATE AND
LONG TERM)

The question of the importance of raised cerebrospinal fluid pressure is more difficult to prove. In the
short term these children on presentation are frequently irritable, resent handling, have vital sign
abnormalities, pupillary abnormalities, etc, and
after the administration of mannitol there is almost
always an improvement in these signs and the
patients' general responsiveness, confirming that it
is often the pressure which is responsible for the
clinical picture. Observations similar to these were
made by Williams et al who used hypertonic intravenous urea and found a dramatic improvement in
respiration, conscious state, pupillary signs, and
cessation of fits.3 There were no children who
developed subdural effusions in this series as a result
of a rapid diminution of brain volume from mannitol
and frusemide.
In the long term all that can be said is that
treatment of raised intracranial pressure may lessen
the neurological complications of meningitis. It
would not be possible having measured a raised
cerebrospinal fluid pressure, not to do anything
about it in an individual child, and yet there seems
little hope of proving its importance without a
controlled trial of treatment for raised pressure.
As there are multiple factors likely to influence
outcome, one would not expect with 35 patients to
see a statistical association between the level of
intracranial pressure (or cerebral perfusion pressure) and outcome. What is important, however, is
that there was no mortality in this group and the
overall morbidity and mortality for meningitis was
less than expected from the current literature.
Eleven children (31%) in this series had some
sequelae, eight of these were minimal (four with
squints, two with mild hearing impairments, one
mildly clumsy, one with two fits within one month of
completing treatment), and three children had
severe neurological deficits (8.6%). The period to
follow up, however, in some cases was quite short
and ranged from one month to six years and
10 months with a median of one year one month.
Therefore, mild neurological sequelae may not yet
be apparent in some of these younger children (for
example, clumsiness).

The effect of raised intracranial pressure is to
reduce cerebral perfusion pressure and produce
ischaemia as well as produce brain shifts and cones.
It may be that management of raised pressure in
meningitis will have a more dramatic effect on
mortality than morbidity as the cerebral perfusion
pressure was largely preserved in these patients.
Postmortem examinations of children who had
meningitis have shown evidence of pressure (with
brain stem compression, swollen oedematous brain,
diminished ventricular size, bilateral grooving of the
uncal gyri, and rostrocaudal brain stem compression)
and scanning has shown hydrocephalus or oedema.
Our results show the very frequent accompaniment
of raised cerebrospinal fluid pressure with pyogenic
meningitis, but our hypothesis remains, that raised
pressure is but one important factor influencing the
outcome of childhood meningitis.
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