)
s
\0\4(

. SUZROSE OR GLUCOSE: . WHICH.SUGAR TO USEIN.ORALR EHXDRATION. .

SOLUTION? A SUMMARY OF FOUR CLINICAL TRIALS

D.A. Sack, S. Istam, M.H. Merson, K.H. Brown, R.L. Black,
M. Rahman, M.A.K.A. Chowdhury, M.A. Ali

The Cholere Research Laboraiory, Dacce,
The Johns Hopking lirernationed Center fur Medical Reseurch, Bedtinwre;
and The Center for Disease Control, Ailania

The uestion of the efficacy of a sucrose
clectrolyie solution in maintaining hydration
in patients with acute diarrheal disease is a
crucial ore for health planners.  Although
sucrose clecirelyie solution has been shown
o be
including u douhle blind study by Palme:
er al(4). there has stll been concern that 2
solution using sncrose is net as efiective as

ene wsing shicose, tha more patienis will

several

affective in

il if sucrose is used. that purging rates will
be increased and patients may drink excess
quantities of the sucrose containing Muid.
Sucrose, however, has the advaniage of heing
cheuper and more availzble in most countries
and these economic and distribuiion con-
siderations are major constraints onihe present
use of oral solution.

A further question concemning oral therapy
has arisen regarding rotavirus diarthea. a
major cause of infantile diarrhea throughout
the world. In this disease, not only ure
intestinal  disaccharidases  decreased.  but
glucose facilitated transport is atso defective
i the involved mucosa(3) so there has been
doubi as to the efficacy of ¢ither oral solusion
in viral diarrhea.

We therefore conducted a series of three
double blind controlled trials of sucrose
with glucose oral solution in patients hospita-
lived with bhacterial and viral dehydrating
diarrhea. and one “belore-after” irial in child-

studies{ 1.2.3).
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e with rolavirus digrrhen attending the
Matlab refiydration center,

Table t shows the fowr groups of palienis
studied at the Chelera Research Laboraion
The first group inclidal
148 adult mates with cholera-hike diarin:
with at least 7.5% debwdrwion. The secon!
araup included i1 children with eheisie
fike dimirhea with o tesst 7.5% dehvdrnve

during the fast yemr.

These first (wo 2roups were studied do
the 1977 fuli cholera epidemic. The -
group incuded 89 children with “rotn .
like™ diarthey with some detectable debis Joa-
tion.  This group was studied during
winter 978 rotavirus epidemic.

The [l group of patients were o
up of 787 children with rotavirus diarzi..
who come to the Matlab rehydration wu
during a time that rotavirus surveillance v

,

stered treatmens.

i will first deseribe the methods &
results of ihe double biind studies.

Patients were selected for these suel.
on clinical grounds of dehydration due i
acute watery diarshea. Patients with s
malnutrition or other systemic diseases woor
excluded. Patients were admitted sires?”
to the clinical research ward where iy v
weighed, examined. placed on choleis -7




" ~Table 1.~ Sucrase vs Glucose Oral Therapy Studies Done at CRL During 1977-1978

i

Double Blind Controlled Studies

1. 148 Adult males with cholera-like diarrhea and >7.5% dehydration.

2. 111 Children, age 5 mths - 4 yrs, with cholera-like diarrivea and >7.5% dehydration,

3. 57 Chiidren, age 5 mths - 2-1/2 yrs, with rotavirus diarrhea and >5.0% dehydration.

“Before-After” Study

D

4. 787IChildren, <5 yrs, with rotavirus diarchea.

|

ani ini[ial;ﬁ)ecimens were obtained, The
sytients were stratified according to degree
of dehydration and then randomized to
ather the glucose or sucrose treatment,
wandomization was accomplished by drawing
..om an envelope. onc of four letters (A.B,
¢.0) which corresponded to one of four
wiutions, twe of which contained glucose
wad twe of which contained sucrose. Four,
:siher than two solutions were used to protect
e double blind nature of the study. All
Swlera patients were teuted with tetra

Moderately severe patients were scheduled
o receive both rehydration and maintenance
therapy by the oral route. Severely dehydrat-
ed patients were scheduled to receive 70%
of their cstimated deficit by the intravenous
route and the remainder of their rehydration
and all maintenance by the oral route.
Failures were defined as those patients requir-
ing any unscheduled intravenous fluid.

The oral sclutions used contained the WHO
formula (6} of salts plus cither glucose 20
arams oer hter or sucrose 40 grams per liter
plus orange Havoring und coloring.

=oline.
Table 2. Admission Characteristics of Adult Cholera-like Patients
Sucrose Group Glucose Group
“.amber 75 73
“'ean Age (yrs) 31y 301
suration of diarrhea prior to admission {hes) 1241 1221
~0. with 10% dehydration 51 (B8%) 45 (62%)
“Yoan serum specific gravity 1.035 1.035
"“~an serum bicarbonate 17.0 16.7
Yneric pathogens isolated :
V. cholerae 36 {48%) 43 (59%)
Enterotox. E. coli 27 {36%) 24 (33%)
(without V. cholerae)
No pathogen 8 (11%!} 5 { 7%}

iean * Standard Error.

wn

w



Laboratory specimens were obtained for
serum chemistries, stoo! clectrolytes and
stool reducing substances belore and after
acid hydrolysis (7} A stool specimen was
cultured for pathogenic bacteria including
enterotoxigenic £. coli.  The Y, adrenal
cell assay(8) and suckling mousc assay were
used for enterotoxin testing. Rotavirus anti-
gen in the stool wis detected using an ELISA
assay(10}).

Table 3.

Clinical and labeoratory follow-up was
maintained throughout the patinet’s hospitaki-
zation . at regular intervals. Paticnts were
discharged 24 hours after diarrhea stopped.

Table 2 shows the characteristics of the
adult patients receiving either sucrose or
glucose solution. The groups were compa-
rable. About half of the adults had bacterio-
logically confirmed cholera.

Success Rates of Adult Cholera-like Patients

Overall success rate

Success in petients with 10% dehydration
Success in patients with 7.5% dahydration
Sueccess 1 satienis with V. cholerae

Success in patients vaih Snierotox, £ colf

Sucrose Group Giuecose Group

2675 {(79%) G1/73  (&4%)
BB (79%) 36/45  {80%;
18/24  {75%) 25125 189%
22136 (B1%) 343y
24027 (B9%) 2424 (100

200

150

ML/KG

100 rh

50
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Figure 1, Oral Fluid intake Rates in Adult Pateints with Cholera-like Diarrives
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.Jable 3 shows the success rates for the two

glucose groups (p<0.03).

aps of “adult patients. The overall SUCCess
. was 75% for sucrose and 84% for glucose.
‘ Jifference is not statistically significant.
_.. ccess rates for those patients with
- Jehydration and with 7.5% dehydration
_ are not significantly different.  The
s rate for patients with £, coii infec-
‘::.wns. however, significantly better than
‘r;lwolera patients for both sucrose and

Figute ™1 'shows™ thal " the "mean (¥ SIE) ™
orat fluid intake rates were similar for the
two groups during their illness. There did not
seem to be any tendency for patients receiving
sucrose to drink excess quanlities of solution.
Likewise the purging and vomiting rates were
similar for the two groups as shown on
Figure 2. Most of the purging in both groups
occurred in the first 24 hours.

PURGING RATES VOMITING RATES @ Sucrose
:I Glucose
150+
g
£ 100 %r{- §
50— X
b s s
NN
AN N
MAXINUN FIRST 24 TOTAL MAXIMUL SIRST 24
g8 HOURS HOURS PURGING BHOURS HOUKS
Figure 2  Fiuid Losses in Adjults with Cholera-like Diarrhea Receiving Either
Sucrose or Glucose Oral Solution
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g ] S' “:..20 D Glucose
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:5 jz = \ Q \ n=8
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—Z 25:0" \ \ \\
&° N N [N n=7
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Figure 3. Association of Purging Rate with Oral Solution Success in Adults

with Cholera-like Diarrhea
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Figure 3 shows that the primary defer-
minant of success of oral therapy was the
purging rate in that the success rate decreased
with increasing purging rate.  While none
of the differcnces between sucrose and
glucose are significant, all groups show a

better success rate for glucose.

. The results of the children’s cholera study
are similar to the adult study. Table 4 shows
that the cluldren’s groups were also com-
parable. '

Table 4. Admission Characteristics of Child Cholera-like Patients

Ninmber

Age {mths)

Sex (M F)

Duraticn of diarrhea prior to admission (hrs)
No, with 10% debydration

Mean serum speciiic gravity

Maan serum bicarbonata {mey/l)
Eoteric pathogens isolated

V. cholerae

Enterotox, £ coli
{without V. cholerae)

No pathogen

Sucrose Group Glucose Group

b5 56

357" 401

3222 350

13t 2 1141

A (7Y 18 (85%)

1.034 1.032
127205 120204

03 9556} A4 thia
1 i 4% 3 {57
1 { 2% a {7

* Mean t Siandar¢ Error.

In contrast to the adulis neady all of
these patients had bacteriologically confirmed
cholera and were in general more severely
dehydrated. The success rates for children,
shown in Table 5, are somewhat lower than

Tabie 5.

for the adults though again the difierzacss
between the sucrose and gluceose groups uie
not significant. For children with cheo-o
the success rates were nearly identical.

Success Rates of Child Chofera-dike Patients

Sucrose Group Giucose Gron

Qveral! success rate
Success rate in patients with 10% dehydration
Success rate in patients with 7 5% dehydration

Success rate in patients with V. choferae

40/85  (73%) 43/66 {77
28/41  (68%) 35/48 073
12/14  (B6%) 8/ 8 W
30/53  {74%) 3o 17




v FigUTE 4, shows that the intake rates were ___shows..that. the. purging and.vomiting .rates. ..
the same for the two groups and Figure 5 are also the same in the two groups.
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Figure 4. Oral Fluid Intake Rates in Children with Cholera-like Diarrhea
Receiving Either Sucrose or Glucese Oral Solution
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Figure 5. Fluid Losses in Children with Cholera-like Diarrhea Receiving
Either Sucrose or Gtocose Oral Solution
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Figure 6 shows that failures were generally
found in patients with heavy purging. As with
the adults, the differences between the

sucrose and glucose groups are not significant '

though the trend suggests a slight advantage
for glucese, especially in patients with higher
purging rates. ’

Table 6.

The groups of patients included in the
sutdy of rotavirus diarrhea is shown on Table
6. The double blind rotavirus study included
89 children; 37 of these had rotavirus antigen
in their stool. Because of the specific ques
ticns concerning oral therapy in rotavirous
diarthea, these 57 patients were analyzed

Admission Characteristics of Children with Rotavirus Diarrhea

Sucrose Glucose |.V.
Nuraber 28 29 44
Age {mths) IE3 1241 1347
Duration of diarrhea prior to adim {hrs) s 505 4814
History of vomiting 27128 20/29 42/44
Serum specific gravity 1.02730.007% v 1.02710.001 1.027*0.001
Serum bicarhonate 14.72+0.6G 14.040.4 14.24086
Stooi sodium 2313 1744 32+3
* Mean * Standard Error
n=10
100": — n =19
n=9
NN N

> i § § nzlé ]E S i Sucrose Group

o 75—

> % J \ \ ! I Glucose Group

o 1N \ n=19
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Figure 6. Association of Purging Rate with Oral Solution Suceess Rate in Children

with Chiera-like Diarrhea
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separately. These children were younger
and  less  severely dehydrated than the
cholera patients. In addition to the patients
in the oral therapy groups, this table also
shows a comparison with a group ol rotavirus
patients treated only with intravenous fluid.
The LV. comparison group consisted of
children admitted to another study and were
not part of the controlled trial, but were
comparable.

Al patients with rotavirus succeeded.

300

200~

ML/ G

100—

N

Figure 7 shows the purging rates in the
three groups. The purging rates for the
sucrose group were somewhat higher, espe-
cially during the second 24 hours, but again
these differences were not significant. The
intravenously lreated group purged similar
quantities as the sucrose group. The intake
rates and the rate of rehydration, as measur-
ed by weight gain, time until first urination,
and change in serum specific gravity were not
different between the two oral solution

T§

Sucrose

N
:] Glucose
B v

YT II NI s inm

1ST 4 HRS

1ST 24 HRS 2ND 24 HRS TOTAL PURGING

Figure 7. Purging Rates in Rotavirus Patients Receiving Oral Therapy of

|ntravenous Therapy

ine mean (£ Standard Error) stool reduc-
« sanstance concentration for the rotavirus
s is shown on Figure 8. Unlike patients
-y enterotoxigenic diarrthea, patients with
surss had large amounts of reducing
dzwe in their stool demonstrated after
::olysis, but this was found in both oral
-uzv groups suggesting a defect in carbohy-
x digestion in rotavirus infection related
« intake rather than a specific sucrase
2y, Further work on the nature of
.zohydrate  maldigestion is planned.
w2 of the finding thal sucrose

is effective, especially in patients
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with lower purging rates, a Sucrose based
solution is now being used in the oral
nehydration centers at Dacca and Matlab.
At the time of its introduction at Matlab,
the change was not announced to the
staff. At the time of the switch, rotavirus
surveillance was ongoing.  Subsequently,
a retrospective analysis of the success of the
oral therapy sclutions was made in patients
with confirmed rotavirus diarrhea. In this
analysis, wrailure” was defined again as the
need for unscheduled intravenous therapy;
however, the determination of the need for
intravenous therapy was made by the atten-
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Figure 8. Stool Reducing Substances Before and After Hydrolysis in Rotavirus
Patients Receiving Sucrose or Glucase Qral Solution

dant who was not aware of the study,

The success rates for the two oral solutions
is shown on Table 7. The success rates were
88.53% and 93.5% for the two groups in
patients with no or mild dehydration initially
and 84.3% and B88.1% for patients with
moderate  to severe dehydration who
were  inttially  rehydrated  intravenously
before being switched to oral maintenance
therapy. In addition to these patients who

Table 7:

continued to purge while ai the treatment
center, an additional 296 patients with no
dehydration, but with rotavirus  antigen
and a history of diarthea. were discharged
after a four hour observation period.  The
differences between the sucrose and glucose
groups again show a trend in favor of glucose.
but even with these large numbers, are not
significant.

Success Rates of Children with Rotovirus Dizrrhea at Matlab

Documented Purging Patients:

Patients with no or initd dehydration

Patients with moderate to severe dehydration

initially given intravenous fluid

Total

History of Diarrhea but No Observed Purging

During 4 Hours of Observation -

Sucrose Giucose
178/201 202/216
(88.5% ) (93.5%

27/32 37/42
{84.3%) {88.1%)
205/233 239/258
(88.0%) {92 6%)
170 125




Complications of oral thesapy should be
mentioned. The most serious complication
we observed was vomiting and aspiration.
This occurred in two patients; one of whom,
a child with cholera, died. The complication
in this patient developed secondary to hypo-
glycemia and a convulsion with subsequent
vomiting and aspiration.

Secondly, sugar intolerance may occur
occasionally. We observed sucrose intolerance
in one child and one adult both of whom
had diarthea of unknown etiology. The
sucrose intolerance was responsible for oral
fluid failure in the child but not the adult.
e did not observe glucose intolerance.

Third, hypoglycemia may be a compli-
cation of cholera in children. The sugar in
the oral solution may not necessarily be
sufficient to prevent this as demonstrated
in the fatal case.

Finally vomiting was very common in the
cholera patients, especially in those patients
who were rehydrated with oral therapy. While
we learned that rehydration is possible in
most patients not in shock with moderate to
severe dehydration, it requires persistence..
Whenever available, complete intravenous
rehydration is preferable for patients with
this degree of dehydration.

In summary, sucrose and giucose oral
solutions have been compared in four clinical
settings in Bangladesh. These studies which

s7show a trend toward a higher success rate

for glucose are consistent with other studies
by Palmer et al{(4) and Nalin et al (11).
The combined results of all these studies
taken together supgest that this trend is real
but small. The difference, however, apparent-
ly increases with increesing purging rates.
For mild non-cholera diarrhea both solutions
are nearly always effective. The slight advan-
wge for glucose would suggest that glucose
thould  continue to be used in such prepack-
wed materials as “Oralyte,””  Local and
azltonal health planners will have to decide
which  sugar to use depending on 2 local
1sessment of availability, cost and distn-
hution of ingredients. They can be assured,
swwever, that sucrose is an effective alteran-

tive to glucose.
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