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Lovejoy, F. H., Jr., Bresnan, M. J., Lombroso, C. T., and Smith, A. L.
(1975). Archives of Disease in Childhood, 50, 933. Anticerebral oedema therapy
in Reye's syndrome. Sixteen patients with Reye's syndrome were seen over a 3-year
period and treated with conservative management with an overall mortality of 31 %.
6 of the 16 had illness limited to stages II and III. Intensive therapy of suspected
cerebral oedema, with careful monitoring of serum osmolarity, was associated with
survival in 5 of 10 patients with stage IV disease. The risks of lumbar puncture in
the presence of cerebral oedema (stages III-IV) are emphasized. A change in
clinical status (usually a reversal to a less severe stage and an improved electroence-
phalogram) was seen within hours of starting anticerebral oedema therapy. Neuro-
logical sequelae (memory deficit, hemiparesis, hemiballismic movements, and
delayed motor milestones) that were present in stage IV survivors at discharge were

absent 12 months after discharge. Conservative supportive management emphasizing
treatment of presumed cerebral oedema in severe cases of Reye's syndrome has a

mortality comparable to that occurring in exchange transfusion or peritoneal dialysis.
This form of therapy should be included in controlled trials to determine which form
of therapy is optimal.

Themanagement of Reye's syndrome has included
several therapeutic approaches because of an un-
clear aetiology and pathogenesis. In addition, the
wide spectrum of severity of the illness has made
interpretation of various modes of treatment diffi-
cult. Therapeutic approaches include exchange
transfusion (Huttenlocher, 1972), peritoneal dialysis
(Samaha, Blau, and Berardinelli, 1974), insulin and
glucose (Brown and Madge, 1971), total body
washout (Medical World News, 1972), and treat-
ment as a variant of hepatic encephalopathy
(Cohen and Litt, 1972). Because of our previous
discouraging results with exchange transfusion
(Lovejoy et al., 1974), and because of the brain
oedema evident at death, we started a programme
of conservative supportive therapy with emphasis
on vigorous anticerebral oedema measures. This
report describes results in 16 patients studied
prospectively from 1971 to 1974.

Methods
Our criteria for diagnosis were similar to those found

in published reports (Huttenlocher, 1972; Samaha et al.,
1974; Lovejoy et al., 1974). (1) A mild antecedent
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illness (upper respiratory infection, gastroenteritis,
varicella); (2) objective CNS dysfunction (Lovejoy
et al., 1974); (3) hepatic dysfunction manifested
by venous ammonia >50 ,ug/l00 ml or an increase
in serum liver enzyme activity (serum glutamic-
pyruvic transaminase >35 units, serum glutamic-
oxaloacetic transaminase >36 units) and prolonged
prothrombin time (prolongation >3 s beyond control);
(4) exclusion of other disease processes which have
similar clinical symptoms (salicylism, drug ingestion,
bacterial and viral infections of the central nervous
system) through appropriate historical features and
laboratory examinations.
Although Reye's syndrome was initially described by

its pathological features (fatty infiltration of viscera
and cerebral oedema) (Reye, Morgan, and Baral, 1963),
it was felt that the above criteria obviated the need for
confirmation of the diagnosis by liver biopsy. In-
creased blood ammonia concentration was not con-
sidered to be essential for diagnosis when other indices
of hepatic dysfunction existed in association with other
criteria. All 5 patients who died had necropsy findings
characteristic of Reye's syndrome (Reye et al., 1963).
A system of staging previously described (Lovejoy

et al., 1974) was used prospectively to facilitate more
accurate assessment of the progression of the disease
(Table I). Each patient was given a physical examina-
tion with emphasis on neurological findings by one
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TABLE I

Criteria for degree of clinical abnormality

Stage I-Vomiting, lethargy, extensor plantar response, drowsi-
ness with evidence of liver dysfunction

Stage II-Disorientation, combativeness, semicoma, increased
deep tendon reflexes, hyperventilation, marked increase
in liver dysfunction

Stage III-Coma, hyperventilation, upper midbrain dysfunction
with decortication, continued liver function abnormali-
ties

Stage IV-Deepening coma, lower midbrain dysfunction with
decerebration, continued liver function abnormalities

Stage V-Coma, medullary dysfunction with respiratory arrest,
often despite improving liver abnormalities

investigator by means of a protocol every 3 to 6 hours
throughout the first 7 days in hospital. Electroence-
phalograms (EEG) were performed on a portable ap-

paratus using previously described techniques (Aoki
and Lombroso, 1973) every 8 hours and at the time of
a change of clinical stage. EEGs were graded as

previously described (Aoki and Lombroso, 1973;
Lombroso et al., 1972) and classified into eight groups
including normal, borderline, 5 grades of abnormality,
andelectrocerebral silence. Clinical stagingandammonia
determinations were obtained at the time of EEG re-

cordings.
The following therapy was given. (1) Fluid restric-

tion of 40-70 ml/kg per d, with hourly adjustment of
input and output (j to J normal saline with 5% glucose
given intravenously). Adjustments were made to
maintain the central venous pressure between 2 and 4 cm
H20 while maintaining tissue perfusion as determined
by urinary output and muscle pH (Filler and Das,
1971). Great effort was made to minimize rapid
fluctuations in serum osmolarity (osmolarities in stage
II patients were maintained between 290 and 310
mOsm/l, in stage III patients between 310 and 320,
and in stage IV patients between 320 and 330). Serum
sodium concentrations were maintained between 145
and 155 mEq/l. (2) Neomycin was given when blood
ammonia concentration exceeded 300 ,ug/100 ml
(neomycin by nasogastric tube 50 mg/kg per d and
neomycin enemas). (3) Fluid restriction alone in
clinical stage II and anticerebral oedema therapy
(Shenkin and Bouzarth, 1970) upon entrance into clinical
stage III (intravenous dexamethasone 0 5 mg/kg per d,
glycerol 3-6 g/kg per d (per gavage), and frequent
administration of intravenous mannitol 0 5-1-5 g/kg
per dose up to 6 g/kg per d with evidence of clinical
deterioration). (4) Nasotracheal intubation upon en-

trance into stage III, maintaining arterial Pco2>20
mmHg (by the use of dead space or controlled ventila-
tion) and Po2>80 mmHg. (5) Vitamin K 5 mg intra-
venously daily and transfusion of fresh blood as neces-

sary to maintain the venous haematocrit >35%. (6)
Aluminium and magnesium hydroxide gel (Maalox) by

nasogastric tube (5-10 ml) every 2 hours. (7) Treat-
ment of seizures with phenobarbital and diphenyl-
hydantoin.
The severity of disease determined the intensity of

anticerebral oedema management with most patients in
the same stage receiving identical therapy. Stage IV
patients later in the series were more severely fluid
restricted and were given anticerebral oedema medica-
tions at higher doses more frequently.

Results
Among 16 patients there were 5 deaths (31%)

(Table II). Of the 11 survivors, 4 progressed to
stage II, 2 to stage III, and 5 to stage IV. 2
additional patients had mild disease limited to
stage I and are not detailed further. All 6 patients
with disease limited to stages II and III recovered
without sequelae (Table II). Their average stay
in hospital was 5 days, the clinical course was
uncomplicated, and there was no evidence of
neurological sequelae at discharge. The 5 survi-
vors from stage IV had an average stay in hospital
of 24 days (Table III). Neurological sequelae
were evident in 2 patients (Cases 7 and 10) at
discharge (Table III). 12 months after discharge
these sequelae had cleared except for a mild
memory deficit and a single generalized convulsion in
Case 10 and a mild hemiparesis in Case 7 which
continues to improve. Thus, 9 of 11 patients
surviving from stages II-IV recovered fully and 2
patients have minimal residual deficits which are
still improving.

Neither age nor sex was related to outcome.
The mean duration in each stage for those who lived
was 45 hours in stage I, 19 hours stage II, 18
hours stage III, and 10 hours stage IV. The mean
duration for those who died was 25 hours in stage I,
14 hours stage II, 7 hours stage III, 12 hours
stage IV, and 26 hours stage V. Thus, those
patients who died had a rapidly progressive illness,
and remained in clinical stages I-IV for a shorter
period of time (total of 58 hours) than those who
lived (82 hours).

Seizures occurred in 6 of the 16 patients during
stages III and IV. 2 of these 6 patients died,
while 2 others had severe but transient neurological
sequelae. Decerebrate posturing was present in
all 10 patients progressing to stage IV. Decerebra-
tion in response to a painful stimulus (sternal
rubbing) often preceded the appearence of persis-
tent decerebrate posturing and was considered to be
the onset of stage IV. Other midbrain signs
found in stage IV (and not found in stages I
through III) were abnormal doll's head manoeuvre
(ranging from sluggish to absent response) in 9
of 10 patients and an absent ciliospinal reflex in all
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TABLE II
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Selected indices in 16 patients with Reye's syndrome

Furthest NH3 (Gg/100 ml)* BEG grade
Case no. Age Sex stage of oInifd |Outcome(yr) (in) ilns ntt Highestt- Initial Worst

1 9 9 F II 100 (II) 100 (11) 3 3 Lived
2 6 2 F II 74 (II) 74 (II) 2 2 Lived
3 7 2 F II 18 (II) 18 (11) 3 3 Lived
4 6 6 F II 45 (II) 67 (11) 3 3 Lived
5 12 2 F III 61 (11) 61 (11) 3 3 Lived
6 10 8 F III 98 (III) 234 (III) 2 3 Lived
7 5 6 F IV 114 (III) 114 (III) 3/4* 3/4* Lived
8 8 M IV 108 (III) 183 (III) 3 3 Lived
9 11 7 M IV 81 (II) 148 (III) 3/4* 3/4* Lived
10 14 7 F IV 172 (III) 211 (IV) 4 4 Lived
11 13 1 M IV 16 (II)§ 16 (11) 3 3 Lived
12 6 1 M V 245 (II) 401 (II) 3 4 Died
13 5 2 F V 1221 (IV) 1221 (IV) 5 5 Died
14 6 6 M V 145 (11) 1762 (V) 2 5 Died
15 4 10 F V 285 (III) 285 (III) 3 5 Died
16 6 0 M V 600 (II) 1390 (III) 4 5 Died

* Normal, <50 u&g/100 ml (venous blood); t stage at determination in parentheses; t EEGs were mainly grade 3 with elements of grade 4;
§ transferred 72 hours after onset of coma.
Note: All patients had raised liver enzyme (serum glutamic-pyruvic transaminase, serum glutamic-oxaloacetic transaminase).

TABLE III
Morbidity in 5 stage IV survivors

Case no. Days of Complications Sequelae at discharge | uae atsc2rghospitalization Cae ats12rm

7 29 Internal bleeding, drug Bilateral paresis with right- MiniMal hemiparesis on
rash sided hemiballismic left; mentally normal

movements responsive to
haloperidol

8 14 Right upper lobe atelectasis Motor milestones delayed Normal by 2 w after
after ventilatory support at discharge discharge

9 9 Right lower lobe Mild amnesia for events Normal by 2 w after
pneumonia, pulmonary preceding illness discharge
oedema

10 54 Massive internal bleeding Marked left hemiparesis, Minimal short-term
with subtotal gastrectomy, transient hemiparesis on memory deficit without
pneumonia with right; severe short- and evidence of hemiparesis;
empyenia, subphrenic long-term memory deficit one generalized seizure
abscess 5 m after discharge

11 15 Subglottic stenosis None None
(secondary to intubation)
requiring tracheotomy

9 patients tested in stage IV. In all but one patient
the pupillary reflex was present until the onset of
stage V. The pupils were maximally dilated in
stages II through IV. In stage V they were small
and fixed and then later became dilated and fixed.
EEGs reflected the severity of a patient's illness

and a change in EEG often preceded a change in
clinical stage. 10 of 13 patients with an EEG of
grade 3 or better on admission survived, while 2
of the 3 with grade 4 or worse died. The one

survivor with a grade 4 EEG on admission lived
but had neurological sequelae (case 10). Of the 10

survivors with a grade 3 EEG or better on admis-
sion, one had neurological sequelae (Case 7).
Cases 9 and 11 had elements of grade 4 in their
admitting EEGs but rapidly reverted to grade 3
within 12 to 18 hours of admission. The EEG was
of prognostic significance in one patient (Case 16)
who presented in clinical stage II with EEG grade 4
(also blood ammonia of600 ,ug/100 ml on admission)
and eventually died.
When the 10 patients who reached stage IV are

considered, those receiving more intensive therapy
to combat cerebral oedema (mannitol in doses up

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.50.12.933 on 1 D
ecem

ber 1975. D
ow

nloaded from
 

http://adc.bmj.com/


Lovejoy, Bresnan, Lombroso, and Smith
to 6 g/kg per d, glycerol up to 6 g/kg per d, dexa-
methasone at 0 5 mg/kg per d, and fluid restric-
tion to 40 ml/kg per d) had a higher survival rate,
4 of 6, in contrast to death occurring in 3 of 4 who
were treated with conventional anticerebral oedema
therapy (fluid restriction to approximately 60
ml/kg per d, dexamethasone at 0 5 mg/kg per d,
and either sporadic use of or no glycerol and
mannitol). Clinical findings (usually a reversal
to an improved stage and EEG grade) improved
within hours of vigorous therapy.

Discussion
A previously described system of staging (Love-

joy et al., 1974; Aoki and Lombroso, 1973) proved
valuable in grading the severity of disease, in
following the rate of its progression, and in assess-
ing the effect of a particular form of therapy. It
has also allowed comparison among different series
of patients as to relative severity of illness and
efficacy of different types of therapy. Improve-
ment in clinical stage was seen with vigorous anti-
cerebral oedema measures started in response to
neurological deterioration.

Cerebral oedema seemed important as an aetio-
logical factor in causing neurological deterioration
because of previous observations of increased CSF
pressure in stages III and IV with poor prognosis
(Lovejoy et al., 1974), the presence of cerebral
oedema at necropsy, and the rapid reversal of
neurological deterioration with vigorous anti-
cerebral oedema therapy. These findings, coupled
with our impression of clinical worsening after
lumbar puncture and warnings as to the dangers of
lumbar puncture in the face of diffusely increased
intracranial pressure (Byers, 1973) led us to attempt
to diagnose Reye's syndrome by clinical and labora-
tory data and to avoid lumbar puncture if possible.

Maintenance of a low central venous pressure
(2-4 mm H20) and prevention of rapid fluctua-
tions in raised osmolarities (stage III and stage IV
ranging from 310 to 330) (Lovejoy et al., 1974) while
maintaining adequate renal and tissue perfusion
(maintenance of muscle pH>7 4 and assurance of
adequate urinary output) appeared to be critical in
preventing cerebral oedema. Maintenance of the
arterial Po2 between 80-120 mmHg and correction
of the metabolic acidosis by adjustment of arterial
pH to normal range are part of sound supportive
management.
The magnitude of the rise in ammonia level,

the rate of its progression through the stages, and a
worsening of the EEG grade continue to suggest a
poor outcome (Lovejoy et al., 1974; Aoki and
Lombroso, 1973; Lombroso et al., 1972; Hutten-

locher, Schwartz, and Klatskin, 1969). Hypo-
glycaemia (blood glucose <50 mg/100 ml) occurred
in 2 patients, both of whom were under 5 years of
age. Blood ammonia, as noted previously, cor-
related with eventual outcome (Table II) (Lovejoy
et al., 1974). Except for Case 14, the highest
venous blood ammonia concentration occurred on
the first or second day in hospital. The mean maxi-
mum blood ammonia concentration observed during
the patient's course was 111 jig/100 ml (n= 1) in
the surviving group compared to 1012 ,ug/100 ml
(n-5) in the group not surviving (P<0 01).
There were no survivors with an initial blood am-
monia concentration >300 ,ug/100 ml, while of 14
patients with an initial blood ammonia concentra-
tion <300 ,ug/100 ml 11 survived (80%). When
blood ammonia concentrations are considered at
any time during stay in hospital, all 4 patients with
concentrations above 300 Vg/100 ml died, while 11
of 12 with a concentration below 300 ,ug lived
(P<0 01). Case 3 had a normal blood ammonia
concentration but had clear evidence of stage II
disease. Case 11 was transferred from another
hospital after 72 hours of coma with no prior deter-
mination of blood ammonia concentration. Ex-
perience has suggested that the increased blood
ammonia concentration often returns to normal by
72 hours (Huttenlocher, 1972; Lovejoy et al., 1974).
Serum aspartate and serum alanine aminotrans-
ferase, and lactic dehydrogenase values, and pro-
thrombin time determinations were not predictive
for outcome and correlated poorly with severity
of illness. A rapid rate of progression through
stages (especially stages I-III) suggested a poor
outcome. Seizures occurred in the more severely
ill patients (usually those in stages III and IV) but
were not of prognostic significance. A worsening
in EEG grade often preceded a worsening in clinical
stage. An EEG at any time in the illness worse
than grade 3 indicated a poor prognosis, there being
only one such survivor.

Mortality figures for this disease in 1968 were
as high as 83% (Randolph and Gelfman, 1968).
Our previous experience between 1968 and 1971
showed a wide spectrum of disease ranging from a
mild asymptomatic sib of the index cases with
minimal liver function abnormalities, to rapidly
progressive fulminant disease unresponsive to any
form of therapy (Lovejoy et al., 1974). At that
time there was 27% mortality with supportive
therapy alone, while a more severely ill group of
patients treated with exchange transfusion had a
mortality of 70% (Lovejoy et al., 1974). The
overall mortality was 47% and there were only 2
survivors from clinical stage IV, both of whom

936

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.50.12.933 on 1 D
ecem

ber 1975. D
ow

nloaded from
 

http://adc.bmj.com/


Anticerebral oedema therapy in Reye's syndrome 937
TABLE IV

Outcome related to therapy and stage in which therapy was given

Overall SurvivalInstitution/therapy mortality

Stage II Stage III Stage IV Stage V

Boston (conservative anticerebral oedema) 5/16 (31 %) 4/4 2/2 5/10 0/5
Yale (exchange transfusion)

(Huttenlocher, 1972)* 2/7 (29%) 0 2/2 3/3 0/2
Boston (exchange transfusion)

(Lovejoy et al., 1974) 10/14 (71%) 1/4 3/3t 0/5 0/2
Pittsburgh (dialysis) (Samaha et al.. 1974)t 2/11 (18%) 1/1 5/5 3/3 0/2

* Includes 4 patients with no exchange transfusion; t one patient progressed to stage IV and survived with permanent severe CNS sequelae
saubsequently 9 of 11 dialysed patients died (80% mortality) (Medical World News, 1972; JAMA, 1974).

were nonfunctioning individuals. In 1972, Hutten-
locher reported a mortality rate of 28 5% (5 of
7 surviving with exchange transfusion). Recently
Samaha et al. (1974) reported a mortality of 18%
with peritoneal dialysis. Both forms of therapy
appeared to contribute to survival from clinical
stage IV.
The present series, using conservative manage-

ment combined with vigorous anticerebral oedema
therapy, gave an overall mortality rate of 31% with
recovery from stage IV in 5 of 10 patients. Further,
the series showed the high likelihood of full re-
covery from neurological sequelae with 3 of 5
stage IV survivors being neurologically normal at
discharge and 2 showing minimal impairment
(Cases 7 and 10). The deficits in Cases 7 and 10
(Table III) have been interpreted as vascular
accidents. It is not known whether these were
related to cerebral oedema with uncal herniation
or a consequence of extreme therapeutic dehydra-
tion.

Survival now occurs from stage IV disease with
three forms of therapy: conservative management
with vigorous anticerebral oedema therapy, ex-
change transfusion, and peritoneal dialysis. Overall
mortality of 31% (5 of 16), 29% (2 of 7), and 18%
(2 of 11) have been reported (Table IV). More
recent figures concerning peritoneal dialysis are
discouraging (9 of 11 died, 80% mortality) (Medical
World News, 1972; JAMA, 1974). Because num-
bers of patients undergoing each type of therapy
remain small and because survival from stage IV is
critical, a controlled co-operative multicentre
study seems to be necessary to determine which
form of therapy is optimal (Redeker and Yamahiro,
1973; Nadler, 1974).
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