ORAL REHYDRATION THERAPY OF INFANTILE DIARRHEA
A Controlled Study of Well-Nourished Children Hospitalized in the United States and Panama
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Abstract Although oral glucose-electrolyte  solulions
containing 20 mmaol of sodium per tar have bean wide-
Iy used in the treatment of acute diarrhea amaong under-
nourished children  in the developing world, they
have rarely been studied in well-nourished children, We
therefore conducted a contrelled, randomized  stedy
amang  well-nourished children three months be bwo
yvears old who were hospitalized with acule diarrhea
52 in the United States, and 24 in Panamal, 0 compare
the efficacy of this soluticn with that of one containing 50
mmal of sodium per ter and with standard intravenous
therapy.

RAL glucosc-clectrolyvoe solutons have  been

shown during the past 10 years to be highly offee-
tive 1 the treatment of debvd eation secondary woacuie
diarrhea in the developing world. "™ This therapy is
based on the simple phyvsiologic observaion tha ac-
tive glucose absorpton o the small bowel promaotes
the absorption af sodium. ™ Oral rehydration therapy

was first developed specifically for the treatment ol

cholera (in which intestinal gluocose absorpoon was
known o be normal ], becavse of the need for a simpler,
more avalluble, and inexpensive reatment that could
replace intravenous Huicls, '.»'J]Et:_h_ wore alten unavail-
able in cholera-cndemic arcas.™ ™" Since these carly
studics, oral relwdration therapy has been widely used
to treal other tvpes of acute diarrhea, including those

HAE-1

causcd by enterotoxigenic Sicherickia ol andl

rotavirns.

Furthermore, oral cchvdration therapy
emploving a single formula with o sodivm conceatra-
tion of 90 mmaol per liter™ has been used successfully
i patients of all ages, including newborns™ in coun-
tries of the developing world and in American Tndian
populutions.'* The success of this simple form of treat-
ment has been remarkable, and it now forms the back-
bone af the diarcheal-disease control program of the
World Health Organization {WHOG, a global offort 1o
reduce mortalivy and morbidity from diarrheal dis-
cases. " In such an cffort there is obviously a need for
a universal solution that can be given by onrrained
[}I:"'l'.\,"\'l_l[llll.._\.l [ .']l] [)i:”i(_'l‘l]ﬁ ‘-\i!h {li;:l.]'l‘h(‘"i!.

[rnthe United States, oral therapy for diarrhea was
used earlier on an empirical basis’’; at present there
are pharmaceutcal preparatons on the market tor use
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Oral rehydration with both solutions according to proto-
col was successful in 97 of 98 children (one required un-
scheduled intravenous therapy), and in 87 (89 per cent) no
infravenous therapy was required. All of six children ad-
mitted with hypernatremia were successfully treated with
cral therapy alone,

We conclude that glucose-electrolyte oral solutions con-
tzining either 50 or 90 mmaol of sodium per liter are effective
and safe in the treatment of well-nournished children hospi-
talized with acute diarrhea, and that they may completely
replace intravenous fluids in the majority of such children.
(N Engl J Med. 19582; 306:1070-5.)

i mnld diarrhea, '™ Ttwas not previously appreciated,
however, that oral relvdration therapy could correct
both initial water and clectrolvie deficits in patients
witly mild to moderate dehvdration, as well as compen-
sute for losses due o contnuing diarrhea, Further-
mere, yvpernatremia had been reported e occur with
carly oral relyvdration solutons containing 30 mmaol of
sodium per liter and 8 per cent glucose™™: ar that time
the hypeenatremia was thooghi 1o be seccondary 1o the
sodiom concentration of the solution rather than te the
high carbobydrute load, which now scems the more
likely cause.' Thus, there has been considerable reluc-
tance 1o adopt oral vehydeation therapy in the “devel-
oped” countries, except lor mild diarchea in patients
whao are not clintcally dehvedrated. The reasons usually
given in the United States for avodding use of the aral
rehvdration lormula ol the WHO inelade che following
ohservations: fecal sodium concentraton 15 generally
lesg thon 90 mmaol per licer in patients with infantile
diarrhica not doe te cholera, and thus theee has been
COnCrrn i':l.l_.ll:,.llﬂ 1hl.' ]Il’l.ﬁ!"iill'll'i:\I {]{"‘n'{'ll}i}”]L"!ll I'}::. ]l':l..[}[:'].]]il.'
tremia, partcularly in well-nourished childeen'™#;
the vomitng that frequently accompanies sastroonier-
itis is thonght we contraindicare oral rehydeation ther-
apyvy and intravenous theeapy s readily available in
the United Staes. Unfortunately, the reluctance ol
pediatricians i developed countries o accept oral re-
hwdration therapy as standard practice has been re-
flected in the recommendadions given by wexthooks of
pediatrics, which are often recognized as anthoritative
by phvsicians in the developing world,

In an attempr to resolve these issues, we underteck a
controlled eial of oral rebvdration therapy inowell-
nourished  American children admitted 1o United
States hospitals who had dehvdration secondary 10
acute diarthea, Two oral soluvons, differing only o
sodiurm chloride content (90 mmol and 30 mmoel of
sodium per hiter), were compared with intravenous
recimens emploved as standard pracuce i Unied
States hospirals. Beeause of the low number of admis-
stons for diarrhea in most Uniced States hospitals,
the study was expanded 1o Panama Ciry, Panama,
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where the same promwcol was used in well-nourished
children.

MrTHoDs
Patients

The stuely prpulstion consisted of 14 well-eourished children of
bath sexes whose lengrh and weight for age were above the thir
percentile (according w standards published By the Unined Staes
Natonal Cenrer for Health Statisties, |£|.'|'{'|'“_:| and who were three
moteths 1o two vears old, They had been hospiialized with the disg-
nosis of delydration sconndary 0 seute dianrchea of less than five
dava’ duration, Filtv-two of the children were sindizd over o four-
vear period | Jaly 1977 10 March 1981) in four hospitals in che
Usirerd Srares (Charity Hospatal, New Orleans, 27 patiens; Balt-
more Gity Hospizals, Baltimare, 21 pacients; S0 Agnes Hespical,
Balvimare, theee patients: and the Universing of Marland Hospital,
Haltimare, one patiene). The ather 32 childeen were hespinbzed @
the Socal .lil."l.'.lll'i:!:.' E'|-:.l£_:|i|u| in Marama ('.i_u_l' n:n:'ring a hive-maeath
previd [Decemiber 1979 o MMarch THE11 The swme protecol was
used o oall hosparals, wirke the fow excepuoens listed below, Prom
agpeoal ol the study protocal waz obirained Ty the appropriate
institutional comminees o volunieeres

Al patienrs were mitzally examined by
hospital (independencly of the investgators). and the decision s
hospitalize was based on cheir clinical assessmenn than debdrstion
ol 3 poer cent or more was present. A admission, informed consene
was chrained from the parents or guardians, and the children were
randomized to one of three reanmens groups (AL B oor O Paticins
were admirred to the stiody regandless of cheir stace ol outrition:
Bowrver, only those determined 10 be well nourshed (% al 102 0
Fanama, and all 32 childvenin the Unived States ) were considesed in
the analvsis presented helow.

:I'II' I'I(.lll!il\.' !I”-Il:'l':‘i 'i1'| ‘_hl.'

Laboratory Studies

Lataranary studics perfarmed onadmizsswn inclodee] Blocd siom-
pling G serum levels of sndium, pocassion, chiloride, and bcarbon-
are, lar hlongd wreea miteagen, for hematcerin, and foe etal serum
sulicdst stowl sampling {rectal caliczer] B electrolyie coment {per-
Fermeel in Panzmanian children ondvl: perasiiologic ceaminsGen
detection of the motavirus antigern by the soevme-linked immone-
sarbent 1

als exeepe Tulane Universite, where
electron mivrescopy wis wsed®' ) wnd bacteriolsic sxaminazion G
CTILCEI |‘.-:LI|lr:;.“_:|'r'|.ﬁ._ including enteratoxigenie ook, sali. Fullovw-up
Tk tory studies weere performed vight, 24, wand 38 hours altes
admassion (serom sxlinm, potassium, chleride, Bicarlmte, Hood
wres sateesen, andl ol serum salids ) Comcaleseont Bloge amples
for determuming clectralvre Tevels were obtned wothe Fanamanian

o™ {an all Busp

chaldren tww wecks alter discharge.

In the United States the stuey protecol was olliwed by che hoose
offtcers in each hospital, ander our supervision. Lo Pansoa the
stuedy was conducted under e diveen sepeevision ol twoof us (S,
and L.[31.

Treatment Groups

Paticnes in Crroup A orecenved Soluren A, the standard WIHO
glucose-clecrmoly e frmeta containing 90 mmel ol sodinm per Hier.
with a strawherey flavoring: paticnes in Group B received Solution
B which was wdemnical to Solution A excepl it the sodice ehloride
cantent was roduccl e produce @ sediom concenragion of 50 mmal
jrer lieer (Tihle 1h and the Bavoring was cmitted, Paticnns in Lrroup
L fthe conteel groupd received what wis considered standard e
apy in the hospitals in the spady™ they were given 0083 per eont
intravenons saline with 3 per cene glucese and 20 memel ol pocassinm
chlomide per liver for rehvdraion and maintenance, which was ol
lwerd By sl Pediabvie {Ross Laborawories, Columbos, Chiod
(Table L) as described below, XNarses precpEed Solutions A aad B Eaw
imising e apprn prepackaged mgrediens (provided by Penn-
walt Lahorateries] to i wtal velume of 1 liter with jap warer.

]-I'I'l.":\.']:lt'titi'.'l." -:.ll.u:s:si;_':rll'ﬂ Ircialamend gronE, pancnis wlies wirre o
sicdered to by severely delrvedrared on admission {estimaned dArhvde

Table 1. Composition of Scluticns Used for Oral Therapy of
Acute Diarrnea.

ISR EIIENT

OO ENTRATION
SAALUTIGS A sOLuTIoK BT Pemacrae
svnanl it
Sodinn Gip A0 w0
Patassium n 20 iy}
Chlarade Kl a0 £l
BicarkomaLe i a0 -
Cilucose 11 111 anm
Cilrate —_ 1
Clsenalaeiny Ai 250 LT

faedBn fiirer)

"Wl by oadding the fillowing e | Dier ol
carhanzie, 24 g patassiomn chloride, 1.5 g;

Ler: sidiun: chlorids, 3.5 g sodime Bi-
Eluwosg, 10 ¢

Ml by adding the fellowang to | Tieer ol water: siediom chleride, 1T g sodimn bis
carhonaie, 23 po potassium chloside, 1.5 g; e, 10 g.

AT wanlains inapnessumn (2 menol per By and calcum (1 mmol per lizer),

1an uf:t]:]:mxil||:m-l§.' L pot cont, $ij;_r:5 afshock, or borh were Ve
s lacrane (200ml per kilogram of body weight per Booel until
1k Bl peessure ad pulse returned o normal. Sobseguently,
thsse assigned o Group A ve I eompleed relydration and mainre-
maree thevapy with the respective eral solutions. Those asstgoed 1o
Giroup Ccombnued o receive inrmavenous rebedration therapy as
proeviously desevibed for this groupe Pacients who were mildly e
motherately delnvdraced (esomareed &1 3 w8 per conn on admizsion
were both nbally reboceleened seed mainiined ool with Solucion A
e Boor with intravencus fluids {Group Cl. Lo all groups Uhe anitial
caleulivted dleleir was :'-:'j'l].ll":'d e Lhe first Tocunrs any the
el the clinieal assessiment of dehvdrarion cn admission. Oral soly-
toms were admimsiered inoa supervised wd libioom Tshion, Stonl
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losmses were replaced oo LD approximanon with either aral or
iravenous Huids, according e ireaument sroup.,
[rothe Unigedd Staves hospitals no adediiomal Tree water was given
tev oty grang dor che livst 24 heaes unless Ghe diarrhea swopped within
haurs. Alter the diarrhea stopped, patients in Geoops A and B

dileatdd i wath water. A regular dies i resceemredl within the
nest & bours. Patents i Coroup Cowere Tnst gieen Pedialvee olalble
Pt 12 houres alicr the diarrhea stwopped and chen ditoed {1
Izomil anad the regular dier as i Ceoronps A and B

I the Pamamanian hospitals the proweol was idesical cxcepe
that eight fours alter admission, mods frice cereal wich warer, as
well s Bonsnas and applesaoce mixed wich warer i pueccl ferem )
wery allowed noeddinen woche rearment sl stivms, whether ar
ot Che dlizcrhes contioued, breaose this was the standad Bospicad

privciice,

E yied the valume of fud admiesicred were
recarded cvery Four hours, Sools s werre measured cvery
fianr beons by dereeaninig the dillerenee tooweight beoween drev amd
wer or seiled diapers and linen, Urine curpon was measured sep-
eare by Troom stael vonpun in the boys arine bags were usedaned inothe
girls urine was olten mixed with stocls and scasured along wich
thm {wieks
cuanition wiss alse reprated eache houres altes admission 1o assess
the stare of hvileation.

Driaerhea was considered w be presenc 8 the stools ook the shape
ir contakmes) it was considered o have stopped when che las
rhveal stoul was pagsed, The treatment ol [rRACients receiving oril
rehvdraion solusions was deiioed as o Eailure 3 the pratients wotild
it ek veal Moids i marked signs of inival delsedration persisiced
fevand vight hours, or af evidence ol debedraion returned doging
|||;'|,'-|z1ll'r|.::|'||\<' :I‘II,T:!'):\.'

The two-tailed r-rear was nsed 1o analvee diferences ol means
L tweeen the Groaaps,

I pa

'I'.J Wi

ght dillevenee betwern weet and dev dinpersi. Phvsical

Resuvrs

All but one of the 146 children were suceessiully
treated according o the prowcaol of the reatmen



group into which they were randomized. One child in
Group A in the United States (described below) re-
quired additional unscheduled intravenous fluids, and
therefore treatment was considered 1o have failed in
this patient. All paticnts who had abonormal sedium or
potassium levels on admission (g, 1) were successTul-
Iy treated, with return of electrolyte levels 1o normeal;
furthermore, neither hypernatremia nor hyponateemia
developed during therapy in any patient,

Clinical Comparlson on Admission (Table 2)

Avadmission there were ne sigoiboant differences in
clinical characterisiics within the populagon groups n
the United States or Panama. An ctiolegie agent was
iemificd in 34 of the Pavamanian childven (37 per
cent] and in 11 of the United Staes children (21 per
cent), There were no differences between the treat-
ment groups. Only threee children {those with con-
lrmed shigella infecuons] were trested with antibiot-
ics. Hyvdration was completed by the tme antilnotics
wWere given,

Clinical Course of lliness (Tables 3 and 4)

Comyparisons of intake, output, duraton of diar-
thea, and percentage of weight gain were made De-
teeeenn the three treatment groups in the two couniries,
Eleven children in Groups A and B recedved mirave-
nouws Huids on admission (mean length of administra-
toen, 4,82 1.2 hours |5 1210 because they were judged
to be severely debhydrated. [n both the United Siates
and Panama, children in Group A ook in significantly
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Figure 1. Serum Sodium Concentralions during Therapy in Fa-
tients Who Had Abnormal Values on Admission, Plofted Accord-
ing 1o Treatment Group.

Each symbol danctes one patient. Groups A and B received oral
fluid containing 20 mmel of sodivm per liter and 50 mmeal per liter,
respeclively; Group G received primarily intravenous fluids (see
text for details), Only ore patientin the oral therapy groups (Group
B, LLS. [hyponatremiz]) received initizl infravenous theragy.

The shaded area represents an expandad normal range that is
considered clinically safe.

more sodinm than children in Group B fabouat 50w 75
poer cent mare) both during the livst eight hours and
for the entice hospitalization. Furthermaore, n baoth
oral-therapy groups the United States children took
sodinm  than the Panamanian  children
(P=0.017, which perhaps rellects the eagerness of the
siafls in the United States hospitals 1o have the chil-

m more

Table 2. Features of the Treatment Groups on Admission.

Pamib»Ts i Paratts ™

FraTune Pariesos i iHe UsiTen STaTES *
LRCHLP A CROLFE B RGP L LiRgaLe A GRGLE R cerunie
Taatal i granp il 1% L3 an A} i
Mg ) 1142 10he2 9+ M+1 £l 1n+i
Al e le 128 W 70 1614 1714 2011
By wenght gt discharge (kg bR R BA4=006 B240.5 B.1+0.3 LRV ES v #7004
Mo with history of vonnting 14170 LR 21400 28 (35} Ll
Days of diarchea belore admission . B! + 2404 3704 3003 12E0A
TAL0D 17,3402 To£x? Ex05 TEELE Mk
0 1{h 104} 100303 12038} 11 (35)
Seru soddiom (o per ter} IR 13942 L 3=2 13741 135£1
Serum potassiim {mamal per Eer) &4=in] 42402 ERIESH 30=01
Serum bicarbonate [mmol per lier) 14=1 1501 1541 b
Hemastosris 351 31 e ok |
Taatal seram wolids (/A1) T bk 0.2 20l T2
Wl glueoae {neg fdl) + EEE T 125618 111£7 mi+e
o] wnea giveogen (ma fdl) 2 BT 2ixh 14£1 20+d
Stond sodium (rmmuol per kler] & — — ~ 4217 4524 A0t E
Sroa] potassium (mmal per lier) § — — RIE Jpk b 3T£3
Estimated depres of kydration
hild § 3=t 16 (5] 10ERT) {50 17 (37) 13{Tn 14645
Moderate [T-8%) 015 32 T{dl) 0 A 2D 14 (45)
Severs [FEG) | (5) n I {6 LR B 310
Fatlogens identified in s1o0ls
Bonavirus 2 4 Z 16 14 15
Salmonclla 2 | 1 | 0 |
Shigella 0 Q 1} 1 | |
Enterotaxigenic Ssofi oalf [ a 0 n % 1l

*Values deate means +5 F. Fiperes in parentfeses denate peroentages. Nane of the differences Belween the grasps seie sigrifican’

+Ta comeert to millimales p

Iner, maltiply oy 055,

£lztermingd anly in Pamamanian patients (20 o Greap Ao 22 09 Giroup B oaed 19 e Groop C).

NPeaduged noan Beas-labile and heat-stanle toxin.,

T canvert 1o millinales per Giter, muinply by

R

* Produced heat-labile Lasin



dren drink large amounis of fluid, In spite of this, the
children in the United States gained significandy luss
welght — a fnling that s consistent with the fact thar
they were less debvdrated on admission bur exereted
more urine {e.g., urine excreted by bovs in Groups A
and B [10 United States patients va. 13 Panamanian
paticnes| during the period of diarrhea, 80218 va.
1925 ml per kilogram; P<(.03),

Serum Electrolytes

On admission six patients were hypernatremic
(sevum sodium =130 mmol per liter} and three were
hyponatremic {serum sodium <123 mmeol per liter)
{Fig. 1). In addition, three United States children fone
in Group B and two in Group C) were hvperkalemic on
admission (serum potassiom 5.5 mmol per licerd; one
Panamanian child (Group B was hvperkalemic, and
two children (Groups A and C} were hypokalemic
{serum potassium <2.5 mmol per liter). All did well
with. therapy, and their serum levels returned o
nermal,

The mean serum electrolvie levels e three trea-
ment groups were normal (data not showa! a eighit,
24, and 48 hours. However, two Panamanian patients
in Group C were normokalemic an admission but be-
came hypokalemic 24 hours after adnission (serom
potassium <Z2.4 mmol per liter in boh), These levels
returned o normal and were not associated with
5¥ NPLEITS.

Table 3. Featuras of tha Treatment Groups during Theragy —
United States Study.

Feaiunt

IREATMENT LiRcrLp *
A [ C
In= 2 [l ] | n=17
o ol patienls receving miri- 1 {5y dpam 17 (10D,
veneus Muids [per cent)
Intake of treatment salieton Mi=|2 RHE b =Gt
during Zirs1 # b grel Jkyd
Intake of sedinn: durmng first k1 d0=006 ¢ 32x013
B ler {remsod; kg
Tetal imnaky of treatment DN T =343 LBIE 18
solution during illness R

(ol g

Totalwtake of sodium duering 1948 laklEd LAEIRIE
allgss gmmol, k)

Lntake other than 2reat ment 107+£36 13038 1714233
solutign (mi kg **

Steol ouzpur durine Grst 8 hr SRR 4,24 1.0 23105
[mg/ kgiha

Total stoal sutge dering illness 1814313 193425 #F 112213+
[l kg

Crurativn of diarchea afier hos- 1145 it Mo s
petithizatien (hrl

EREIE

Per cent weight gaon at dischurge

LE=00T RV

*NValnes denore means 5.6,
FEipfican
iSignilicantly differzm from value Tor Group A (P,

¢ dilferent from value Gy Gragp A (P02

FRignificently delTersnt rom valees far Grap O (P00,
sus fLuids

U¥alie foroall i
I'Value for Pedizlyi

**Similag. [yomil, and waler.

PSignificantly diflfzrem Trom value for Group © (2007

Follow-up Studies at Two Weeks

Serum electrolyie levels were normal inall 41 Pana-

manian patients examined {17 in Group A, 12 in
Group B, and 12 in Group C).

Treatment Failure

Creal rehvdration therapy was considered to have
fatled in ane patient (United Staces population, Group
Ay, This patient, admitted with clinically severe
byponatremic dehydration, was treated according 1o
proteol and did well while receiving oral therapy for
the first 20 hours, At the time the stool outpul had
mereased 10 [l ml per kilogram per hour during the
cight-hour period and signs of delivdration had re-
trned; intravenows therapy was therefore reinstitut-
el The child did well, and the diarrhea stopped 24
hours after admission. Testing of stools for reducing
substances was negative throughout the hospitaliza-
tion. No cticlogic agent was identified in this patient's
stols,

Complications

In Group A periorbital cdema developed after 48
hours of oral therapy in two United States children
wha were mildly dehvdrated on admission. Both had
received Solution A in considerable excess of their di-
arrheal output. The first patent had a total stool out-
put of 187 ml per kilogram, and diarrhea stopped 16
hours afier admission; however, the paticnt had re-

Table 4. Features of the Treatmant Groups during Tharapy —
Fanamanian Study.

Fratige TRIATSEENT GRGLE
X ] [
n =10} n= 33 o= i)
Mo, of paticnts receiving inira- TR 1w J101060

wenous s (per cent)

[atake of treatment solution R, SR LU
cluwrieg: lirst 5 Ariml kg

Intake of sodiom during 35405 Frendy sn=i4nm
first & kr fmmal kg

Taowal intake of treatment hiE ol 105410 191415 ¢
solution dusing iliness
(ml/ k)

Tetalintake of sudium Suz- RRE I 5907 63LE0
g khress fmmol ke

Lntake other than treatment 10312 Bl 10 EIESE]
solution (ml kgy t+

Stonl sutput Suring first & 435408 d3E08 M08
hr inl kg fhr)

Totsk stoel outpel during ORI 11543 LEH L9 **
llress (ml kgl

Drurznon of diarrhea afier hos- REEw TR KL
pitalizares (hry

Per cent weight pain afler 67203 8.3+£03  BT205

kydration

*Values denote eans L5 E.

tRiglicantly dilferent from viles for Group & CF = Q000

{&ipnifizantly dilforenl Trom value for Growp B (P = 000105,
fEunilicantly differema Trem walue for Group O (P<{007)

fignificanily dilfferent from valee for Graup B (PC000LY

IS eni from values Tor Group O (P = 0000
= Significantly differen lrom value For Group B (F<0005),

tilicanily i

Pesimilae, Isarmi, bananas. rice cerenl, applesause, and wazer.



ceived 342 ml of salution per kilogram over a 48-hour

period. The second patient had a total stool output of

212 ml per Kilogram, and diarrhea stopped aliee 43
hours: this patient reccived 475 mil of the oral soluoon
por kilogram during this period. Neither child had
received additional free water or food during this peri-
ad, and both remained asvmplomanc and normona-
tremic during therapy, (The second child hod been
admitted with a serum sodiom level of 135 mmal per
liter.) The perorbital edema resolved within cight o
24 howrs alier discontinuation ol the oral rehvdraon
solution,

There were no complications in Group B

There were three patienis with complications
Grroup G One maldly debydrated United States pa-
vent bad transient unexplained local scizores of the
left arm and mouth 16 hours after intravenous hydra-
tion was bepun. The serum glucose level and eleciro-
encephalogram were normal at this tme; the serum
bicarbonate level was 7.4 mumol per lier, but the ather
clectralvies were normal. She was treated with addi-
tional glucose and bicarbonate and recovered com-
pletely, withour residiea, Tnoone Panamarian patient
an attempt at catheterization ol the subclavian vein
resutted 1 bydrothorax, This padent was hvdrated
suceessiully with inravenous fluids; however, he re-
guired drainage of pleural Juid and placement of a
chest tube. Tn another Panamanian patient phlebios
developed at the intravencus sice and required antibi-
otic therapy.

Imscussion

This study demonstrated that 99 per cont (97 of 98)
of the children receiving arval therapy solutions were
treated adeqguarely according 1o the protocol of the
study, and that vominng did not prevent adequate
theripy in any patient; that no serious complication
developed in any child receiving cither of the oral-
therapy solutions; and that the vast majoricy (89 per
coent |87 of 98]0 of the well-nounshed children ad-
mitted Because of aeute diarrhea were successfully
treated entirely with oral rehvdravon sclutions and
without intravenous fluids. Alchough similar fingdings
have been documented by other studies using the
WHO salution [Solution A in our study) in thousands
of undernourished children, this controlled sody was
conducted exclusively in well-nourished children in a
non-Indian United Stares population and in a devel-
DpRINE Country,

Both solutions were effective m treating the six pa-
ticnts admitted with hyvpernatremia (four given Solu-
tion A and two given Solution B, Although Solution A
has hoeen used sately in undernourished childeen with
hypernatremic dch}-drmiun.i we used it in well-noar-
ished childeen with hvpernatremia who were treated
with oral rehvdration solutions. 11 has been suggresied
that the WHO salution may aggravaie hvpernairemia
if 3 1s given 1o patients preseoting with hvpernacore-
mia. ' ® ! However, recent reviews of cases of hyperna-
tremia suggest that either normal saline (134 mmol of

sodivm per liter) or Ringere’s lactare (130 mmol per
liter) should be given for smital hydraton and be fol-
lweed with a fluid containing 30 to 75 mmol of sodium
per liter after the initial period of hvdration.** This
is approximately the same amount of sodium that is
provided o the WHO solution.

Likewise, all patients with hvponatremia, hvperka-
lemia, or hypaokalemia on admission were also sucoess-
fally hvdrated with both oral solutions; none had clee-
vrolyie abnormalives during therapy, and none had
hypokalemia at discharge or two weeks laer,

Although the Unied States children were consid-
ered to be less dehvdrated on admission that the Pana-
tnantan children, they drank more of the oral sahations
than the Panamanian children. This difference was ay
least pardy due o the faco that feedings (unmeasured
tor electrolvie content) other than treaoment solutions
were intradoced carlier in the Panamanian paticnts.
The childven in the United States did not have hyper-
natremia or chinical evidence ol saline overload (except
for the two patients with perorbital edema) cven
though those in Group A received three times the
measurced sodivm load given o the Panamanian chil-
dren and those i Group B oreceived over twice the
sodiwm load, The larger sodiom Joads were exereted m
the urine (as measured nothe bovs),

Az abserved by other investigators, the duration of
ciarrhea was not longer in paticnts receiving aral ther-
apy than in those receiving intravenous therapy, ' The
duration of diarrhea was smilar in both Panamanian
and United Staces children in spite of the differences in
feeding schedules,

The url]}.' [);:1iq_'r'|l whi r‘l_‘l_'lui:'{:(':’ unscheduled mirave-
nous therapy in addition w aral therapy was in Grouap
A and had a high stool output, Previous studies have
dermonsirated that therapy with the WHO formula
may {ail i more than 30 per cent of cases when ol
ourput exceeds L ml per kilogram per hour, " This
patient’s case thus demonsteates the mportance of
momitoring stocl cutput in children with diarrhea se-
vere cnough to require hospitalization.

The single complication that we observed i chal-
deen receiving oral therapy was the perorbital edema
e the two patients who were glven excessive quantitics
of Solution A, This complicauon has been observed by
others in paticnts given cxcessive volumes of the WHO
solution.! The edema was easily reversed by discon-
tnuing the oral soluton and was not associated with
hvpernatremia,

Pediatercians in the Unied States currently recom-
mend intravenoos fluids for infants hospitalized with
diarrhea, and the possible need for intravenous ther-
apv 15 sometimes used o justife admitting w hospi-
tals patients with mild diarchea, The standards for
management ol hospitalized patients with diarchea,
developed Jointly by the American Medical Associ-
ation and the American Academy of Pediaries, indi-
cate that all such paticnts should he treated inioally
with intravenous therapy.™ Our study clearly suggests
that this is not necessary, Frequentdy, a history o vom-



iting is cited as an indicaton for intravenous therapy,
Vomiting was oot g limivng factor in the suecessiul use
of oral therapy inany of our patients, although over 70
per cent of themn presented with a history of vomiling,

Orr data supporl previous abseevations made in the
developing world that orul solutions with a sodivm
content of 90 mmol per liter are cffective and sale in
well-nourished children, and thus support the coneepl
of & single formuola, as promoted by the WHO, O che
other hand, ourdata also suggest tha an oral rehvdra-
vion solutdon containing 50 mmol of sodium 1= also
cifective and safe in areas where cholera (with s ag-
tendant high fecal cxcrevon of sodiamy s rare, The
lateer solution has the disadvaniage of not heing uni
versally applicable, however, becanse s relativels
low sodium content would make treanng diverhes
withe a high stool cutpuat [as o chaoleral even more
difficult.”

In general, oral rebvdreation therapy has considoer-
able advantages over intravenous therapy for dehvd ra-
tion and diarchea, even in the developed world ™ The
cost of the therapy s lower, much ol the treatment
can be given by the mother withowt interrapting feed-
ing, and the discomfort of inravenous therapy s
avoided,
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