Fluid therapy for
acute bacterial
meningitis



Background

» Acute bacterial meningitis remains a disease
with high mortality and morbidity rates. Many

survivors sustain neurological deficits

« With prompt and adequate antimicrobial and
supportive treatment, the chances for survival

have improved



Background

« Careful management of fluid and electrolyte
balance is an important supportive therapy

* Both over- and under-hydration are
associated with adverse outcomes.

* There are potential risks from giving too
much fluid (especially brain swelling) as well
as too little fluid (especially shock).



Objectives

To evaluate treatment of acute bacterial
meningitis with differing volumes of initial
fluid administration (up to 72 hours after
first presentation) and the effects on death

and neurological sequelae.



Selection criteria

Randomised controlled trials (RCTs) of
differing volumes of fluid given in the initial
management of bacterial meningitis were

eligible for inclusion.



Data collection and analysis

* Three trials eligible for inclusion (415

children)

o All trials were set in countries where death
rates are high and where patients seek

help late



Trwoc day

» Bién chirng ha Natri mau

 C6 thé do tdng ndng dd hormon chdng bai
niéu — ADH

« CO sv lien quan gilra ha Natri mau va co giat
+ bé&nh tram trong hon + di chirng than kinh

* C6 su lién quan téi ti |é tir vong cao do phu
nao

> Han ché dich dé tranh l1am phu nao va cai
thién di chirng than kinh



Trwoc day

» Tilé t& vong cao con & nhirng TH thiéu nwéc

* TH tré dwoc duy tri lwong dich cung voi
lwong dich mat, néng d cao ADH vé binh
thwong sau 24h

 TH han ché dich 2/3 nhu cau, nong dé ADH
van cao

> ADH tang trong viém mang nao vi khuan do
giam thé tich chi tr& lai binh thwérng khi bu dd
dich va Natri



Methods

Types of participants : All age groups
with a diagnosis of acute bacterial
meningitis (by clinical diagnosis or culture

of cerebrospinal fluid)



Methods

Types of interventions :

Fluid administered in the initial treatment of acute
bacterial meningitis; irrespective of route of

administration, type or volume of fluid.

Comparisons of the initial volume of fluid administered
in the treatment of acute bacterial meningitis,
irrespective of route of administration, or type of fluid

or duration of fluid restriction.



Methods

Types of outcome measures
Primary outcomes
 Death

« Short-term (within the first four weeks of
iliness) and long-term (persisting after the
first four weeks of illness) neurological
sequelae



Methods

Secondary outcomes

« Oedema (including cerebral)

Total body water

Extracellular water

Serum and urinary sodium

Plasma and urinary osmolality



Included studies

a) Volume and constitution of fluid

Duke 2002 compared milk-based fluids delivered at 60% of that

required for maintenance fluids with 100% of normal maintenance
fluids.

Maintenance fluids were defined : 100 mi/kg/day for the first 10 kg of
BW, 50 mi/kg for the second 10 kg, and 20 ml/kg for over 20 kg

The milk-based fluids comprised expressed breast milk or other milk
feed given via a nasogastric tube for at least 48 hours, or longer
with reduced conscious state, convulsions, impaired upper airway
reflexes or persistent respiratory distress.

Normal maintenance fluids of a solution : 0.45% NaCl and 5% dextrose
plus 10 mmol/L of KCI per litre were delivered intravenously for at
least the first 48 hours.




Included studies

Powell 1990 compared two-thirds of required
maintenance fluids with full maintenance

fluids, plus replacement f
estimated deficit over 24

Maintenance fluids : 100 m

uids for any
nours

/kg for the first 10

kg of BW, plus 50 mi/kg for the next 10 kg (10
kg to 20 kg), plus 20 ml/kg for each kilogram

iIn excess of 20 kg").

Rehydration was begun by administering 10 or
15 mi/kg by rapid intravenous infusion.



Included studies

Singhi 1995 compared restricted fluids at 65% of the calculated
maintenance fluid requirement with maintenance fluid
requirements, both given intravenously.

Maintenance fluid : 110 ml/kg for first 10 kg, 50 ml/kg for next 10
kg and 25 ml/kg for subsequent weight

The restricted fluids comprised one-fifth normal saline in 5%
dextrose for 24 hours, followed by "a gradual liberalisation at
a rate of 10 ml/kg over eight hours, if, after 24 hours of
hospital stay, the serum sodium and plasma osmolality had

returned to normal and there were no clinical signs of
dehydration".




Included studies

b) Duration of fluid therapy

One study administered fluids for 48 hours (Duke 2002);
one study administered fluids for 24 hours (Powell
1990); and the third study administered fluid for 24

hours with a gradual increase thereafter until children

in both arms received the full normal maintenance

requirement after 48 hours (Singhi 1995).




Included studies

Baseline characteristics of participants
a) Age
Duke 2002 between 1 month and 12 years

Powell 1990 between three months and 16
years

Singhi 1995 between two months and 7
years




Included studies

b) Health status

« Duke 2002 : chidren were from a population in which
25% were undernourished at the time of their
presentation.

In regard to the meningitis symptoms, the mean
duration of symptoms was 6 days, with two-thirds of
children having convulsions, before presentation; 20%
of the children were hypoglycaemic.

« Powell 1990 : previously healthy children

« Singhi 1995 : Malnourished children were excluded
study and children had a duration of symptoms
ranging from one to 10 days on presentation.




Included studies

c) Diagnostic techniques used to establish a diagnosis of
bacterial meningitis

Duke 2002 : clinical signs of meningitis and a cloudy or
turbid cerebrospinal fluid (CSF) with a moderate or
large number of leucocytes and amount of protein,
determined by dipstick testing.

Powell 1990 : clinical examination, CSF cytology and
chemical studies.

Singhi 1995 : suggestive history, physical examination and
CSF findings of hypoglycorrhachia, increased protein
concentration and polymorphonuclear leucocytosis.




Main results

The meta-analysis found no significant
difference between the maintenance-fluid
and restricted-fluid groups in number of
deaths (RR 0.82, 95% confidence interval
(Cl) 0.53 to 1.27; 407 participants)

(moderate trial quality)



Rewiew: Fluid therapy for acute bacterial meningitis
Comparison; 1 Maintenance fluids versus restricted fluids
Outcome: 1 Death

Study or subgroup Maintenance fluids Restricted fluids Risk Ratio Weight Risk Ratin
niN niM M-H,Fixed,35% Cl M-H,Fixed,35% Cl

1 Al participants

Duke 2002 29/181 31176 l ELE 0.91[057,1.44]

Singhi 1393 2122 7128 —i— 164 % 0.36 [0.08,1.56]
Subtotal (95% CI) 203 204 ¢ 100.0 % 0.82 [ 0,53, 127 ]
Total events: 31 iMaintenance fluids), 38 Restricted fluids)
Heterogeneity; Chi* = 1.37, df = 1 (F=0.24); [F =27%
Test for overall effect 2 = 0.89 (P = 0.37)
2 Participants with hyponatraemia

Singhi 1393 011 4413 —I— 100.0% 0.1570.01,2.50]
Subtotal (95% CI) 11 15 —i— 100.0 % 0.15 [ 0.01, 250 ]
Total events: O (Maintenance fluids), 4 (Restricted fluids)
Heterageneity: not applicable
Test for overall effect £ =133 P = 0.19)
3 Participants without hypanatraemia

Singhi 1595 2111 LN { 1000 % 079016, 3.90]
Subtotal (95% Cl) 11 13 - 100.0 % 0.79 [ 0.16, 3.90 ]

Total svents: 2 (Maintenance fluids), 3 Restricted fluids)

Heterageneity: not applicable
Tust for overall effect = 0.29 (P = 0.77

Favours maintenance

0.001 0.01 01

1

10 100 1000
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Main results

The meta-analysis found no significant difference
between the maintenance-fluid and restricted-fluid
groups in acute severe neurological sequelae (RR
0.67, 95% CI 0.41 to 1.08; 407 participants) (very
low trial quality); or in mild to moderate sequelae
(RR 1.24, 95% CI 0.58 to 2.65; 357 participants)

(moderate trial quality)



Feview: Fluid therapy for acute bacterial meningitis
Comparison: 1 Maintenance fluids versus restricted fluids
Outcome: 2 Severe neuralogical sequelae

Study ar subgroup Maintenance fluids Restricted fluids Weight
n/N n/M M-H,Fixed,35% Cl M-H,Fixed,95% Cl
1 Acute (within the first 4 weeks)

Dluke 2002 17181 26176 750% 064 [0.36,1.13]

hinghi 1993 B/22 10728 250 % 076 [0.33,1.78]
Subtotal (95% CI) 203 204 100.0 % 0.67 [ 0.41, 1.0§ |
Total events: 23 (Maintenance fluids), 36 (Restricted fluids)

Heterogeneity; Chit = 0,12, df =1 iP = 0.72); F =0.0%
Tast for overall effect: 2 = 1.66 (P = 0.097)
2 Chronic {after the first 4 weslks)

Duke 2002 9/177 21174 100.0% 042 [0.20, 0.89]
Subtotal {95?’-:. CI] 177 174 100.0 % 0.42 [ 0.20, 0.89 |
Total events: 9 (Maintenance fluids), 21 (Restricted fluids)

Heterogeneity: not applicable
Test for overall effect 2 = 2.25 (P = 0.024)
3 Participants without hyponatraemia

Singhi 1355 2/11 4113 —.— 100.0% 0590013, 264
Subtotal (95% CI) 11 13 —l— 100.0 % 0.59 [ 0.13, 2.64 |
Total ewents: 2 iMaintenance fluids), 4 (Restricted fluids)

Heterageneity: naot applicable
Test for overall effect; 2 = 0.69 iF = 0.49)
4 Participants with hyponatraemia

binghi 1993 411 B/15 —.— 100.0% Q.91 [0.34, 247
Subtotal (95% CI) 11 15 - 100.0 % 0.91[0.34, 2.47 |
Total events: 4 (Maintenance fluids), & (Restricted fluids)

Heterogeneity: not applicable
Tast for overall effect: 2 = 0.19 (P = 0.85)
200

Favours maintenance

Favours restricted



Main results

When neurological sequelae were defined further,
there was a statistically significant difference in
favour of the maintenance-fluid group for spasticity
(RR 0.50, 95% CI 0.27 to 0.93; 357 participants);
seizures at both 72 hours (RR 0.59, 95% CI 0.42
to 0.83; 357 participants) and 14 days (RR 0.19,
95% CI 0.04 to 0.88; 357 participants)



Review. Fluid therapy far acute bacterial meningitis
Comparisan: 1 Maintenance fluids versus restricted fluids
Outcome: 3 Spasticity

Study or subgroup Maintenance fluids Restricted fluids

Risk Ratio

Risk Ratio

niN niN M-H,Fixed,35% C| M-H,Fixed,35% Cl
1 At 14 days
Duke 2002 14/181 271176 — 0.50[0.27,093]
1 | 1 | 1
01 02 03 2 51
Favours maintenance Favours restricted
Review: Fluid therapy for acute bacterial meningitis
Comparisan: 1 Maintenance fluids versus restricted fluids
Outcome: & Seizures
Study or subgroup Maintenance fluids Restricted fluids Risk Ratio Risk Ratio
nin niM M-H,Fixed,35% Cl M-H,Fixed,95% CI
1 Within the first 72 hours
Ouke 2002 38/181 631176 — 0.59 (042, 0.83]
2 A 14 days
Ouke 2002 2181 10/17e + ’ 0.19[0.04, 0.88]
005 02 5 20

Favaours maintenance

Favours restricted



Review: Fluid therapy for acute bacterial meningitis
Comparison: 1 Maintenance fluids versus restricted fluids
Outcome; 4 Hemiparesis/hemiplegia

Study or subgroup Maintenance fluids Restrictive fluids Risk Ratio Risk Ratio
niN niN M-H,Fixed,33% I M -H,Fized, 35% (|
LA 14 days
Duke 2002 18/181 18/176 i 0.97[0.52, 1.81]
03 0.7 1 15 12
Favaurs maintenance Favaurs restricted
Review. Fluid therapy for acute bacterial meningitis
Comparisan: 1 Maintenance fluids versus restricted fluids
Outcome: 7 Visual impairment
Study or subgroup Maintenance fluids Restricted fluids Risk Ratio Risk Ratio
N niN M-H,Fixed,35% I M -H,Fixed, 5% |
LA 14 days
Duke 2002 19/181 2176 —tT 0.77[044,135]

0l 02 05 1 2 510
Favours maintenance Favours restricted



Main results

There was a statistically significant
difference in favour of the maintenance-
fluid group for chronic severe neurological
sequelae at three months follow-up (RR
0.42, 95% CI 0.20 to 0.89; 351 participant



Main results

An adverse effect in children with restricted fluid intake was that they
were less likely to have low levels of sodium in their blood and

therefore they would experience greater reductions in body fluids.

An adverse effect of unrestricted fluid administration was reported in
one study as short-term swelling of the face and low blood sodium
levels one to two days after fluids were started, although the largest

study found no difference in blood sodium levels



Authors' conclusions

« Some evidence supports maintaining intravenous
fluids rather than restricting them in the first 48
hours in settings with high mortality rates and

where children present late.

* Where children present early and mortality rates
are lower, there is insufficient evidence to guide

practice
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