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Hypoglycemia 1in asesnciation with diarrhea is a known and
frequently lethal combination amongst people in Bangladesh. Thus
we  propose a study to investigate the prevalence and mechanisms
of this disarder. :

Frevalence® will be established by screening for one week all
patients admitted with acute diarrhea to the Dhaka station
hospital of the International Centre for Diarrbheal Dissase
Fessarch, Bangladesh.

During the course of the study &all patients admitted to
the general ward and the intensive care unit and selsacted
patients (those with severe dehydration and or characteristic
signs and symphoms of hypoglycemia) admitted to the treatment
centre will be screened on admission for blood glucose by finger~
i using dextrostix reagent strips read by a glucomater.
Appropriate patients [ i.e. whose blood sugar on atdmission is
less than 2.7 mmal/litre (40mg/dl} 1 will be entered into the

study & further investiogated. Var ious mechanisms. of
Fiypoolvoemi & will then be svaluated by measuring levels of
plasma glucose and the concomitant levels o various

rormones,circulating  fuels  and substrates involved in  glucose
Momeostasie during an episode of hypoglycemia and the changes in
these levels with time in responss to glucagon and or glucose
infusions.

Each hypoglycemic patient s data will then be compared to
twh sets of controls: i) an age and s2x matched patient with acute
diarrhea who is normoglycemic on admission [ blood sugar araater
than 3.3 mmal/litre (40 mg/dl) and less than 5.8 mmol/litre (105
ma/dl)  and diidan age and sex matched patient with acute diarrhea
who is hyperglycemic on admission [ blood sugar greater than Lo
mmel /1itre (180 mg/dl) ).

For the -ontrols, blood levels for plasma glucose and the
concomitant levels of various hormones,cirulating fuels and
substrates involved in glucose homeostasis will be measured o
ion (during their aplisode of normogl ycemia or
hyperglycemia) and at twenty four hours post admission.

At

The hypoglycemic and the control groups 1n addition to
comparisons of the above blood levels will also be compared to
see if there are any differences on the basis of nutritional
status, etiological agent of diarrhea,etiological agents of
other concomitant infections, duration of fasting, duration of
diarrhea and presence or absence of septicemia.
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gy gain & better understanding of the mechanism and
prevalence of hypoglycemia in association with diarrhea amongst
people  in Bangladesh and thereby learn to manage this frequently
lethal combination more effectively.

BACKBROUND
MHypoglycemia in association with diarrhea as alluded te
above, is a kErnown and freguently lasthal combination amongst
people in Bangladesh. ghe prevalence of this disorder is at least
172 { Molla et al (6Z)1 and may in actuality be much highet.
Analysis of data from the biochemistry laboratory in the month of

January 1985 alone showed that out of approximately 250
admissions to the general ward and thﬁ intensive care unit
during that period there were twenty two separate patients with
hypoglycemia --blood sugars less than 2 mmol/litre.  This Wk ks

out to be a prevalence rate of approximately 9%.

Ferhaps the most striking fact about this "association” is
that the case fatality rate for hypoglycemia and diarrhea i5
significantly higher than the overall case fatality rate for tha
type of diarrhea, irrespective of the etiological nature of Lha
diarrhea. For example [ in the "Mclla” study (63) 1 overall case
fatality in shigella was 8.3% compared to 46.2% in shigells
associated with hypoglycemia. Similarly in cholera overall case
fatality was 0.7% compared to 14.32% in cholera associated with
hypoglycemi a.

In view of the high mortality of ‘diarrhea in association
with. hvpoglycemia it becomes imperative that a) we learm to
bettar identify the particular subset of diarrhea patients who
are prone to hypoglycemia and b)lgarn to manage this tregquently
lethal combination more effectively.

Before we explore hypoglycemia in association with diarrhea
wez feel it is necessary for us to briefly review hypoglycemia in
genaeral , and especially in children as they seem to be more prone
to developing it in the setting of diarrheal diseases (635,64).

Hvpaoglycemia can be viewed as a disruption .of normal glucose
homeostatic mechanisms. In contrast to adults hypoglycemia in
children is most commonly associated with fasting (1). While 1in
adults there i$ no appreciable change in blood glucose levels
even with prolonged fasting, in children and neonates there is a
significant drop in blood glucose levels within 24 hours  of
fasting (2).

In order to have a clearer understanding of the phenomenon
of hypoglycemia we must briefly review glucose homeastatic
processes in  the transition from the fed to the fasted state
{1tayib, 2




Under normal circumstances, in the immediate post prandial
state part of the glucose derived from intestinal absorbtion
urder the action of insulin is oxidized cempletely to carbon
dioxide {(via pyruvate and fcetyl CoA in the kKreb cycle),part is
stored as  glycogen (from Glucose & Fhasphate) and the rest is
stored as fat. (from Acetyl CoA ). Subsequently plasma glucose and
insulin levels decline and hepatic glycogenolysis is activated.
As  glycogen reserves start being depleted plasma glucose and
inswlin devels continue to drop. The drop in dinsulin levels
activates lipolysis releasing circulating glycerol and fres fatty
acids . These free fatty acids are then partially oxidized in the
liver to produce B hydroxy-butyrate and acetoacetate {(the so
called plasma ketones) which then constitute alternatives to
gqlucose as major sources of energy entering the krebs cyclhe via
AcetylCofA. Thus oxidation of fats reduces the need for glucose as
A1 BNErQY SOUrce.

However glucose continues to be needed due to the obligate
Fegquirement  of red blood cells and certain parts of the ocentral
nervous system for a steady supply of glucose as fuel .. Thus
gluconeogenesis (the denovo production of glucose) becomes
moaerhl al in the fasting state despite the use of ketones as
alternative sources of energy. The available substrates for
glqcmﬁemqan@ﬁiﬁ include Daluconeogenic aming acids 2Yunoxidized

pyruvate and Fglycerol (1). Of the three precursors gluconeogenic

amino acids are by far the most important ~providing
approdimately S04  of denovo net glucose production,followed by
unoxidized pyruvate which provids 307 of net glucose production
and lastly glycerol which provides only 10% of net new glucose
production (27.

Thes L e combination 5 T Y TS Frecpu L red 1 o
gluconeogenssis is found in the liver and the energy source for
ie provided by the partial oridation of fres fatty

sgphones

Im order for the above transition (from fed to fasting) Lo

FUrncE Gt smoothly and for the blood glucose level tao be
maintained as far as possible what is needed is : i} an adeguate

supply of endogencous gluconeagenic substrates (l1.e. amino acids ,
glyveerol and pyruvate), 2) functionally intact hepatic
glycogenolytic and gluconeogenic enzyme systems and 3) a narmal
endocrine system for integrating and modulating the above
processes (2).

We have already alluded to the role of insulin in the
transition +4rom the +ed to the fasted state. It remains the
predominant hormone regulating blood glucose levels as it is the
anly hormone whose direct action decreasas the influx of
glucose and accelerates the efflux of glucose from the wvascular
bed. 1t stimulates muscle glycogen synthesis, the incorporation
of amino acids into protein and the conversion of glucose into

triglycerides. In addition it stimulates hepatic 0l yoogen
synthesis, impairs glycogenolysis and markedly depresses

gluconengenesis, Thus' in the fasting state a drop in insulin




levels is crucial to maintaining plasma glucose levael s. In ;11 -
species thus far examined, plasma insulin falls to very low =he

levels during caleric restriction: values below S5-10 micro units
per milliliter are routinely noted in the human being under these
circumstances (3). Consequently insulin levels greater than iS5 o )
10 micro units per milliliter in association with blood glucose
levels below S50 mg/dl (2.77 mmol/litre)” are distinctly abnarmal

foa) &

Opposed to the hypoglycemic effects of . ipsulin are the
actions of adrenccorticotropic hormons (ACTH) , cortiscl,glucagon,
epinephrine, and growth hormone. The net effect of these hormones
i to increase the ambient blood glucose level b, (1) inhibiting
glucose uptake by muscle (i.e., epinephrine, cortisol, and growtin
homone) (2) increasing rcoadogenous gluconeogenic amino acid
supply by mobilization from muscle ( i.e., cortisone J, L)
activating lipolysis and praviding increased fatty acids as a
SOuUrGe of energy and glycerol {for gluconeogenesis (laSuiy
epinephrine, glucagon, growth hormone, ACTH, and cortisol), 4
inhibiting insulin secretion from the pancreas (i.e. epinephrine
) £ acute activation of glvcogenolyvtic and gluconeogenic
srzymes  { i1.e., epinephrine and glucagon), and (&) chrosic
induction of gluconeogenic enzyms synthesis (@.g., glucagon and
cortisgad (2

sting non-hypoglycemic
follwing time courss of
nd hormones (4,5.,6,7)%

8l rLamb e of Fecent studiles [Tl +a
infants and children have illustrated the
changes of circulating fuels,substrates, a

(Iiplasma glucose declines more rapidly and to lowsr levels than
in adults, reaching an average concentration between 40-350 mg/dl
(2277 mmnl sl ites) within 24 hoursg i

2iplasma free fatty acids and BEohydroxy-butyrate increase
rapidiy, replacing glucose on an eguivalent basis (i.e. ketosis is
to be expected in fasting children );

insulin declines te extremely low levelsy

1) significant increases of glucagon, epinephrine, and cortisol,
hut not growth hormone, occur as fasting progresses.

Recent data suggest that of all the counterregulatory
Fuea mert epinephrine and glucagon have cardinal roles in  acute
gluc counterregulation (ib 8, 2,110,133 ,12,15,14,) whereas -growth
hormane  and cortisal are of minor impertance and have only
permissive roles i+ any (1b,10,13.14,158,16). The relative importance
of the wvarious counter—regulatory hormones howaver remains
controversial especially in the case of epinephrine. In contrast
to  the data cited above (about the cardinal role of epinephrine
in countering an acute decline in plasma glucose ) other studies 15

{17 LB ey seem to indicate that in adults epinephrine is not e
needed {for toleration of fasting or recovery from insulin- s
induced COma . Despite the controversy about the role of aegs

epinephrine in adult hypoglycemia, there seems to be agreement



that epinephrine plays & more important role during fagting in
children (5. '

The changes in circulating fuels, substrates and hormones
described above are all quantitatively greater and more rapid in
children than in adults due to earlier depletion of glycogen

reserves and greater decline in plasma glucose (1). This
relatively more repid decline in plasma glucose level in children
is probably secondary to the wmuch higher rate of energy
ubildzation relative to surface area and or to the smaller size
of the protein mass of a child relative to the total body mass
compared to adualts €.

Maving briefly reviewed plucose homsostasis in noemal  non-
hypoglvecemic children let wus now address the issues of 1)
recogrling the signs and symptoms  and M diagnosing and
investigating the mechaniszms of hypoglycemia in  infants and
children.

nition of Hypoglycemia:

Reo

The Sions anc  symptoms  of  hypoglycemia in infants
and children ars notoriously non gpecific., The following is &
list of signs and symptoms commonly associated with hypoglycemia
9 1 Bl )

Table 1

Newliorm s

ty
Lethargy,poor fesding
Hypotharmi s

Bpnea, Selzurss

Trempreas, irritabili

Older Child

Shakiness,nervousness(early insulin reaction)
Acute hunger  (2arly insulin reaction)
Sweating,pallor {(late insulin reaction)
Maussa, vomiting

Lethargy .. drowsiness

Acute unexplained irritability

Confusion, uNresponsiveness
Seizures

Noter:  Suspicion of hypodalycemia should be incressed i+ above
occur while fasting and improve with sating.




The sine qua non of hypoglycemia is evidence of a bload
glucose level that is abnormally low. fs alluded to above
interpretation of a particular blood glucose level has to be done
in context of the duration o%\fasting of the child and the
appropriate blood glucose level for that duration of fasting Afor

that reference population. d
L]

There is little disagreement that blood glucose values less
than 20 mg/dl (1.1 mmol/litre) in the newborn, less than 350 mg/dl
(1.66 mmol/litre) in the older infants and children, and less
than 40 mg/dl (2.2 mmol/litre) in the adolescent or adult are
indicative of the need for immediate intervention (1) Whether
these wvalues represent disrupted homeostatic mechanisms {as
cpposed  to well documented decreases in blood glucose with
fasting in normal children ) once again depends on the duration
of fasting.

Thgr e does not seem Lo be a perfect correlation between
the absolute blood glucose level and the manifestion of

symptoms. Somse children exhibit symptoms  at . levels of blood
glucose not commonly associated with symptomology while others
are relatively asvoptomatic even in the face of distinctly low
blood glucose values (1). Symptoms seem to be associated with the
level of B-hydroxy butyrate in the blood. I B-hydroxybutyrate is
high lower glucose appears to be tolerated while if both are low
. symptoms are mores likely to ocour (8).

Hyvpoglycemic symptoms depend also on the rate at which blood
glucose falls (200, In acute hypoglycemia (typically the result of
gxcess  insulin administration or secretion) the initial symptoms

A dus to excessive adrenergic activity-the patient is
tremulous, anxious, sweats profusely, and has palpitations.
Cerebral dystunction follows, with alteations in
behaviour, especially slowness ard irritability, precesding
clouwding of consciousness and coma. Selzures occur in 10=2074 of
adults and are more comman in children e T Therse may be
features of tecortication or decerebration {22 and not

infraguently, focal abnormalities, particularly hemiplegia (23).

\
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There have besn, many attemps to classify neonatal, dinfant and
childhood hypoglycemia.The following is & conposite of several

schemes (1,20 .

Table 11

Meornatal hypoglyoemla

1) Small Ffor gestational age intant
[ defective oxidation of F.F.A. and inability to utilaize
glucoheogenic substrates (24) 1]
11y Transient Hyperinsulinism of the newborn infant
1) Infant of the Diabetic Mother (24)
) Infant with Erythroblastosis

Intant and Childhood Hypoglycemia
T. Funtctional Hypoglycemia of Fasting (25

IT1.Hormonal Gbnormalities
AY Hyperinsulinemia (1,3)
NE~Cell hyperplasia
2)B~call tumors
ZINesidioblastosis
4)Functional B cell secretary deftects

BE) Counter—-regul atory hormorne deficiencys: (1,2,17)
1Y Epinephring
2 Cortisol 5
A Growth Hormone
4) Blucagon

II11:Inherited Metabolic Defects:  (1,2,17)
1y Glycogenolysis
=) Bluconecgenesis
3) Lipolysis .
4) Metabolism of other sugaers and amino
acids.
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I1V. Reaction to Drugs of Toxins

1) Ethanol (inhibits gluconeogenesis)

2) Propranolol (blocks catecholamine responses
and inhibits lipolysis)

%) Oral hypoglycemic agents (increases insulin
secretion)

4) Matuwral toxins: hypoglycins
[ e.g. unripe ackee fruwit causes hypoglycemia
by inhibiting fatty acid oxidation (Eé) 1

-

=y Buinine L increadsss dnsulin secretion el d

W avrmmdary to Other Systemic Dissase.

1) Cyanotic heart disease [ depletion of glycogen

stores (28) 1
2) Tumors [ production of insulin like substances
29 )

2y Liver dysfunction [probably due to disrupted

gluconeogenesis and/glycogenolysis (Z0,31)1

43 CNS disorders [disruption of neuro endocrineg

pathways (&) ]

9) sepsis [ inhibition of glucoreogenesis, accelerated
depletion of glvocogen recerves,increased peripheral
utilization of glucose,endotoxin mediated increased
inswlin secretion—--- (32,53 34) 1

&)Reves Syndrome [ defects in hepatic gluconsogenasis

GG -1

7 Malnutrition [ probably a subset of fasting
functional hypoglyoceamia due to decreased protein
mass —— (363 1

=T Undetermined causes.

It is beyond the scope of this protocol to discuss in depth
all the causes of hypoglycemia listed above. I shall deal with
certain selected issues. The reader is referred to the above
references for a more extensive discussion of the various causes
listed above.

This idis perhaps the most common form of hypoglycemia in
children.0ther synonyns are "Ketotic Hypoglycemia®, "Bubstrate
limited hypoglycemia” and "Hypoalaninenemia". The typical patient
usually a male between the ages of 2 and 7 years is underweight
ard hyparactive,has a decreased intake of food, becomes drowsy ,
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has disconjugate eye movements, vomits and may have a Seizure.
Often there is a preceeding minor infection or a period of
intense physical activity. Characteristically ketanemiﬁ and
ketonuria accompany a low blood sugar (37). Freviously this
condition was considered to be a distinct entity and was thought
to be related to a lack of gluconeogenic amino-acid substrate,

specifically alanine (i.e. hypoalaninemia ) (2). The debate hinged

ar ourd the issue of whether the carbon skeleton used to
synthesize alanine was derived from the piidative deamination of
other amino acids in muscle (thereby implying that alanine was
indeed a major element in the synthesis of glucose from protein )

o 1fF it was derived from gl e itselfd (implying that rather
than being a substrate for gluconesogenesis alanine would be one
conpenent of a recycling process, glucese-——pyruvate-—al aning--~
glucose. ) The bullk of evidence now sesns to favor the latter

hypothesis (285). Thus hypnoalaninenemia is not a specific cause

of hypoglycemia rather it is & cmﬂﬁaquﬁncg et g FKetotic
hypoglycemia is now viewed not as a pathological entity but
merely represents one  tail of the distribution curve of the
normal response of young children to fasting (29,38).

Hyperinsul ine

P Characteristically seen in newborn infants with prolonged
intractable hypoglycemia reguiring continued intravenous glucose
o an older infant under a year of age with recurrent
hypoglveemia.

2) Sine gua non is demonstrating inappropriately elevated insulin
levels during hypoglycemia . Az fasting insulin levels tend to
be very low in normal children and absolute levels of insulin may
not be very much higher in children with hyperinsulinism one
needs a very sensitive assay to detect all children with +this
abnormality.

Z)Indirect evidence of this abnormality may be obtained by
demonstrating  inappropriately low B-hydroxybutyrate and F.F.A in
relation to decreased glucose levels. Fasting EBE-hydroxybutyrate

levels less  than 1.1 mmol per litre are considered by some
authors to be diagnostic of inappropriate insulin secretion, sven
if  the mpasured insulin concentration is low a7 However
other authors feel that the low level of B-hydroxybutyrate in the
face af low plasma glucose is not totally specitic far

hyperinsulinism (17).

4) A insulin suppresses glycogenolysis there should be aprompt
glycemic response to glucagon (40).This is in contrast to other
fasting hypoglycemias where glycogen reserves are already
depleted by the time blood glucose levels fall significantly.

-4
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i It is important to measure simultaneous C-peptide levels in
order to demonstrate the pancreatic origin of the increased
insulin  secretion. If insulin is high and C-peptide is low it
suggests an extra pancreatic source for the inrease in insulin
£ 2.g. & tumors K29

Epinephrine Deficiency (1)

1) The importance of this disorder in producing hypoglycemia (as
mentioned above) remains controversial in adults but seems to  be
fairly well established in children (3).

216 freguent ahnmrmali{y found among children ages | 2-
recurrent hypogl ycemia.

with

m
|88

MAffected children characteristically have a history of
heing small for gestational age or having had asphyxia or other
perinatal problems.

4)These children form part of a broader non—-specific syndrome of
what used to be called "ketotic hypoglycemia or hypoalaninenimia®
and is now referred as fasting functional hypoglycemia with many
of the same historical and physical characteristics.

) The definitive test is the demonstration of inappropriately low
epinephrine levels in the face of low blood glucose.dNormal
epinephrineg responses for plasma glucose levels of 2.2 mmol/litre
(40mg/dl) range from F50 to over Z000pg per milliliter (8).

&)Y The cause of epinephrine deficiency while not definitively
gstablished is probably a result of irreversible injuwry to the
developing adrenal medulla with usually intact adrenal cortical
TEE DO SHE S,

7iThe condition is generally mild in childhood and in most cases
can be managed simply by providing a substantial snack at bedtime
and extra sugar containing fluids during times of acute illness.
Children usually tend to grow out of their symptoms before 10
yvears of age.
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I)Relatively rare but important as severe hypoglycemia may be
first manifestation of adrenal cortical insufficiency.

P Buggestive evidence includes a history of recent therapsutic
use of steroid, hyperpigmentation or aother signs of Addison’s
disease and associated hypotension of hyponatremia.

%) Definitive test is low cortisal in the face of hypoglycemia.

4ryMot  important for rapid counter regulation as glycemic eftects
take hours to be activated. i

irowth Hormone Deficiency (1)
I Mechaniems leading to hypoglyoemia are not clear and it is  not
krnown why only a small proportion of growth hormone deficient
childrern become hypoglvycecemic. Other evidence cited above (8)
seems  to  suggest that growth hormone is not  needed for acute
nlucose counter regul ation.

D) Diagnosis  should be sugoested by patients exhibiting decreassed
rate of growth. .

A)Not  important for rapid counterregulation as glycemic effects
take hours to be activated.

Glucagon Reficiency (1)

DWhile theoretically an important consideration (it is the most
important hormoneg in rapid glucose counterregulation), glucagon
detficiency as a cause of hypoglycemia is guite rare (41).

5220

iMost common is Glucose &-phospatase deficiency (Von Gierke’'s
disease). This is a defect of both gluconeogenessis and glyoogen
lysis resulting is savere hypoglvcemia atter very:shrieft periods
of fasting. '

M Characteristic {findings include enlargement of the liver and
kidneys which are anagorged with glycogen and fat, lactic acidosis
growth failure, hyperlipidemia, hyperuricemia and a bleeding
tendency (42).

I Frequent daytime feedings and nocturnal intragastric glucose
infusions seem to prevent recurrent hypoglyveemia [ as quoted in
(1} 3%

4) I will not discuss in depth any other of the gluconeogenic and
glycogenelytic enzvme defects. However I would like to point out
that measurement of blood lactate during hypoglycemia is very
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important because elevation of lactate in the face of a low blood
glucose is indiciative of problems in gluconeogenesis.

s Carnitine deficiency is the only well described fatty acid
axidation defect. I+ seems to be associated with fasting
hypoglycemia without ketosis (43). Usually in thess cases ong Can
show elevated Free fatty acids,but very low ketones in the
presence of low blood glucose.

&) The definitive diagnosis of the various hepatic BN Y M
deficiencies ie made by determining specific enzyme activities,
glycogen content, and structure in liver bilopsy specimens. Upen
liver biopsies are preferable to needle biopsies, in order to
obtain adeguate ti ssue for  the appropriate biochemical

stidies. (2)

Reaction to drugs and Toxins: (1)

in medications; mouthwashes, or testhing remedies contain
significant amon bos o+ alcohol and can be VBT Y potent

hypoglycemic stimuli in infant. The mechanism as mentionad above

i due to an inhabition of gluconeogenesls.

Y1 will notrdiscuss this category in depth except to note that
Al

Hypoalycemia secondary to gther systemic disease:s

1)I will only discuss the role of sepsis in depth. The reader 1s
referred  to the references cited above for a more detailed
discussion of the cother items in this categorv.

yHypool vevemi a Fras vocasionally been observed in septic
patients.Most cammonly 1t hasg been observed in the setting of
fulminating pneumocccal infection in hyposplenic patients (32D
In  this subset of patients the mostprobable mechanism is &
adrenocorticael insufficiency due to the Water-house-Friderichsen
syndrome (440,

bl S has been shown that injection of gram negative bacteria or
endotoxin regularly results in hypoglycemia (G2 . The
mechanisms  that have been implicated to sxplain hypoglycemia in
animals with sepsis are inhibition of gluconsogenesis (47,4%9,52

ar or direct depletion of hepatic glycogen By

g

endaotaxin (53 ,54) .

($rEndotoxin has also been shown to stimul ate

insulin secretion from the pancreas(33) and activated macrophages
appear Lo release insulin like substances after stimulation by
salmonella endotoxin (34a)
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NS There is well documented evidence that Gastrointestinal
Peptide (6.I1.F.) and other intestinal hormones stimulate insulin
release (34b) and it would not be unreasonable to postulate that
patients suffering from diarrhea may have altered insulin output
in responss to increassad release of enteric hormones from damaged
bowel mucosa. Morishita and colleagues (34c) have shown increased
blood levels of gastrin, sscretin, V.IuP. and glucagon in
patients with cholera.

S)yGram positive infections seem to inhibit gluconeogenesis +rom

alanine and lactate. but not pyruvate (55,56,57).
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(61 0ther factors may also contribute to the hypoglycemia seen  1in
assDClation with sepsis. Hypotension and decreased tissua
perfusion cause a shift to anaerobic glycolysis which' requires e
times more glucose toprovide the same enerqgy (58) Thus peripheral
utilization of glucose is sharply increased. This seems to be the
primary mechanism for hypoglycemia in neonates with bacteremnia
(9. G890

(73Metabplic acidosis has been shown to impair gluconeogenesl s
(61) and clinical hypoglycemia has been observed 10 three
patients with proved lactic acidosis, two of whom had sepsis (&2).

Gengral i

(1) The issus of hypoglycemia resulting from an impalirment of
géneral hepatic function is still unclear. Hypoglycemia has

heen described in patients with hepatocellular carcinoma and in
aloghollics: (R0, 1t A& an unconmon complication in  girrhosis
probably due to the fact that the amount of functioning liver
reguicred  to produce swfficient glucose appears to be relatively
small (1) . For cirrhgtice who are not alcoholics or do not have
hepatocellular * carcinoma it seems to be almost always associated
with sepsis and particularly in patients with circulatory failure
T i

Now that we have reviewed glucose homeos angd - the
various mechanisms of hypoglycemia let us dire

act owr attention
back to the issue of hypoglveoemia in association with diarrhea
amongst people in Bangladesh.

fis mentioned above a certain number of Bangladeshi patients
wWith diarrhea develop hypoglycemia and appear to have é,
significantly higher mortality than those diarrhea -patients
without hypadlycemia (43). Molia et al examined the case’
records  of 26,521 patients less than 10 years of age who
presented  to the Dhaka hoaspital of the International Centre for
Diarrheal Disease Research,Bangladesh, over a period of four
vears with acute diarrhea of various etidlogies. The important
conclusions derived from this study are as follows:

3 The authors noted that on admission (according. to a
retrospective chart review) approximately 1% (231/26,321)0f the
children admitted to the Dhaka hospital were hypoglycemic (blood

sugar less than Z2.2mmol /litre). This figure of 1% has to be
viewed in the context of the way it was arrived at. ALl
admissions were not screened. Only children who exhibited certain
characteristic signs and symptoms of hypoglycemni a

(lethargy,vomiting,convulsions etc) were tested. Given the fact




that signs and symptoms of hypoolycemia are fairly non-specific
(1) it is quite possible that a certain proportion of children
who were relatively asymptomatic were missed. Thus the actual
prevalence of hypoglycemia in association with diarrhea may well
be higher.

2  The hypoglycemia seemed limited to children below the age of
W and was evenly distributed among that group.Once again given
the selection process it is possible that some older children
and adults were missed.

‘%) The authors graded the severity of the hypoglycemia into three
categories: mild=2,0%2.2 mmol/litre, moderatess 12 2 mmel Ll ke
anc severe=less | Tthan Lyvimol /litee, The severity of the
hvpoglycemia seeemed unrelated teo the duration af diarrbhea.
Unfortunately however no data on the duration of fasting was
recorded in the clinical charts.

4) The authors found no relation between the etiological agent of
diarrhea  and the incidence of hypoglycemia. Shigella , Vibrio
cholerae and mixed infections were all implicated. However there
is.rno guantitative data of the relative proportions.

wY) Ferhaps  the most significant finding of the "Molla" study (as
outlined above ) was that the case fatality rate for “children
with hypoglycemia and diarrhea was significantly higher than the
overall case fatality rate for that particular type of diarrhea
irrespective of etiology of diarrhea or age of the patients (
all patients however were below the age of ten ). Thus in Shigella
overall  case fatality was 8.34 against 446.2%4 in shigella
siated with hypoglycemias Similarly in cholera overall case
= vy was 0.7% compared to 14.3% in cholera with hypoglycemia,
nnd in mixed infections overall case fatality was 4.8% compare to
40% in diarrbea with hypoglycemia. In addition it is important to
note. that the overall case fatality figures included the high
mortality of children with hypoglycemia o Thus it is reasonable
to assume that the contrast betwesn the mortality of diarrhea
patients with hypoglycemia and those without hypoglycemia would
e much more stark.

The only study which has looked into the mechanisms of
profound: hypoglvecemia in patients with acute diarrhea was dorie
by Hirschorn et al (&44). They were also the first to report such
3 Their study was conducted in the period 19631965 Onh
children with acute diarrhea presenting to the Cholera Research
Laboratory (now known as the International Centre for Diarrheal
Dispase ,Research, Bangladesh) treatment centre at Dhaka Bangladesh. The
maior conclusions of this study were as follows:

A B E

13 The authors documented thirteen non  kwashiokor,non marasmic
children with diarrhea who had profound hypoglycemia out of a
total number of 693 admissions over a period of two years. Thus a
low Figure Ffor the prevalence of hypoglycemia in asssociation
with diarrhea is 137692 (app. 2%4).

Irn certain special sub—populations (2.9. children with marasmus
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or kwashiokor) it may actually be much more common. Wharton
reporting Fr om Uganda. in 1970 {3&) noted- that moderate
hypoglycemia [ blood sugar between 20-40 mg/dl (1.1-2.2 mmol/litre)d
1 was a common feature 25/76 in kwashiorkor but seemed to be of
little clinical significance (prognostically) if  -the blood
‘glucose level remained above 20 ma/dl (1.1 mmol/litre). Frofound
hypoglycemia [ blood sugar less than 20 mg/dl (1.1 mmol/litre) ]
o the other hand with symptoms was rare (2/76), was LN formly
fatal and seemed ta occuw as part of a clinical tetrad ot
hypoglycemia, hypothermia,coma,and severe bacterial and parasitic

intection. i i '

W e gocumentead 10 association with
cholerday shigeliosis, typhoid, non-choleravibrios and acute
diarrhes oft UnkRgwn s oprigins Thus no specitfic st inloagiocal

predominance could be demonstrated.

Zyin bthis non marasmic,non hwashiorkor group there appeared to be
fe  comsistent relationship between degree of malnutrition—(as
measured by convalescent blood protein,weight/age) and incidence
ot hypoglycaml &

43 The authors considered a number of different mechanisms Of
hypoglvoemia - as possible explanations and we will briefly rEview
their findings in termse of these mechanisms:

G¥Girculatory i-f ire/ Lk __adlng to hypoxia: Hypoglycemia has
been reported i ' shock (48) . Al though several of

the childran 1n thu tudy were in circulatory collapse at  the
time of their hypoglycemia others developed hypoglycemia in  the
absence of hypotension or many hours atter acute dehydration had
heen corrected.

iidHyperinsulinism: Levels of circulating insulin were low

both .during hypoglycemia and after the administration of glucose

and glucagon,adrenaline. As mentioned above insulin assays nead

to be very sensitive to detect the emall rise in insulin

concentration felt to be diagnostic of this disorder. Thus

methodological constraints (in 1964) may have prevented detection

of hyper insulind sm. Increased insulin secretidn is h©howaver
unlikely given that B-hydrxzy butyrate levels measwred in the

blood during hypoglycemia were considerably higher than those

consistent with hyperinsulinism.

iii)Fasting functional hypoglycemia: The authors carried out a
number of mini studies to establish baseline norms for glucose
values in Hangladeshi children. They found that : i)the mean
fasting blood glucose after an overnight fast of Zloconval escent
or well children was 63.3 mg/dl (s.d.+- 11.8) [ 3.31 mmol/litre (
S.d.+= 0.66) 1 with a range of 36~81 mg/dl (2-4.5 mmol/litre).
iidwhen 17 children with acute diarrhea who were initially
normoglycemic were fasted 8 developed hypoglycemia €2 with only
mild symptoms) atter a mean fast of 30 houwrs during which time
they received lactate infusions but no glucose.
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Thus it is possible that fasting contributed to the
hypoglycemia in some of the children but it cannot be implicated.
in &/1% who were without food for only a short time,equivalent to
an overnight fast. The crucial factor here is the validity of the
historical data. 1+ is difficult to get a very accurate feeding
history from most patients.

4) Hepatic dysfunction was considered as a possible mechanism of
hypoglycemia as there was a notable plevation of serum-glutamic-
pyruyic-transaminase ,suggesting hepatic necrosis in one case and

there were scabttered areas of hepatic pecrgeis dn C & O%  the
patients. This is however an unlikely possibility as very little

tunctioning liver is required to support gluconeogenesis.

=) The major category of mechanisms which was not fully wamined
(probably due to methodological constraints 1 was the status of
counter regulatory hormones. There is some indirect evidence that
inadeguate couﬂtmrmr&guiatmry mechanisms may have played a role
in some of the cases. In one patient on autopsy hemorrhage intoc
the adrenal corter and medulla were noted. In another patient the
increas  in blood glucose after exogenous adrenaline and glucogon
(in the face of low insulin levels) raises the issue of
inadegquate endogenous hormone secretion. This again may be dus to
inadeguate production of endogenous hormone or as has been ghiown
in some cases due to an inability of low blood glucose to
stimulate counter-regulatory hormone release as & result of
dvsfunctional neuwro-endocrine pathways (8).

S Enzymatic defects in the metabolic pathways are also another
prosesd bl 1ty which were not fually examined. | The lack ot
yepatamegaly  in 9/13 cases make glycogen storage diseases an
unlikely etiology. o However in 4/13 there was clinical
hepatomegaly and acidosis (measured by decreased levels of HooZ—-
(ino lactate levels were measured) ) and Blycocogen & phosphatase
deficiency cannot be totally ruled out.

7YThe comnon finding of acidosis among these children seems to
point towards problems in gluconsogenasis. The acidosis could b
511l t o+ impaired gluconecgenesis (inherited enzymatic
afects,endotorin  inhibition,?insufficient adrenal hormones) or
could be secondary to increased anaerobic glycolysis due to
decre: 4 tissue perfusion from circulatory collapse as a result
of septicemia and may have caused impaired gluconeogenesis

g

P

) Another possibility is hypoglycemia secondary to some natural
towin | or hypoglycin, as the use of herbal or homeopathic
medicines is very common. No such history was elicited in  most
casps. Here once again the validity of historucal data is
debatable,
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In summary while the authors of the above study investigated
& number of mechanisms they were not able to come up with any
definitive meEchanistic axplanation fr the hypoal yoeml &
associated with diarrhea. There infact may not be one unitying
mechanism  to  explain the hypoglycemia of all the patients with
diarrhea. They may well be a heterogenous group from the point of
view of their disruptions in glucose homeostasis.

Given that hypoglycemia is a frequently fatal complication in a
certain number of diarrhea patients in Bangladesh we proposse &
stucy to investigate the prevalence and the mechanisms of this
disorder . While at this point it would be premature to pastulate
any  of the above mentioned mechanisms of hypoglycemia to be more
or less likely as an explanation, wWe hope to particularly tocus
orn the role of sepsis in hypoglyocemia and hormonal dysfunctions
a5 these are the two major categories not well dinvestigated in
wrevious studies.

An understanding of the mechanism of hypoglyvcemia may have
important implications il managemant., For example 2
hryperinsulinism is an important cause then glucose intusions may
not only be inadeguate but may infact promote a rebound increase
in  dnsulin  secretion further worsening the hypoglyvocemia (27).
Thie ie particularly important in view of the common practice of
giving & child with "suspicious" signs of potential hypoglycemia
(i.@.lethargy?) a ane time bolus of 2U% dextrose with no follow up
continuous infusion of intravenous sdextrose.In this case adeguate
treatment may reguire in the short term the use of a continuous
intravernous drip of dextrose at a rate and concentration enough
to Flood the system and compensate for any rebound increase of
insulin. In the long term managemsnt of hyperinsulinism diazowide
{an inhibitor of insulin release) or even sub-total pancreactomy
may he ng gy ifF medical treatment is unsuccessful (1,2). 1+
countar  regulatory hormone deficiencies are important in  this
disorder then one might consider supplementation with these
agents. EBEven in  the case where glucose infusions remain the
modality of choice prospective studies are needed to document the
appropriate  rate and concentration of glucose infusions to
maintain  adeguate plasma glucose levels. Although there exist
theorstical calcul ations of glucose metabolic rates in children
and intfants, and by inference optimal glucose infusion rates to
maintain adeguate plasma glucose levels (63) they have for the
most part been derived from data on well npourished western
children and and the dynamics of glucose metabolism may be
significantly different in a Bangladeshi population with a much
higher rate of malnutrition and a consequently lower protein mass
relative to body weight.

—
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To document the prevalence and investigate the mechanisms of
hypoglvoeml & in association with diarrhea in patients -1 g}
Bangl adesh.

Frevalence will be documented by measuring for. the period of
one  waek  the admission bloed glucose values of all patients
admitted to the Dhaka hospital of ICDDR'E by means ot finger
prick using dextrostix reagent strips. By screening all
admissions (including ‘the treatment centre, the general ward and
the intensive care unit ) we hope to get a representative
population of people with diarrhea in Eangladesh. We realize
nowaver that due to possible seasanal variations in disease
prevalence our statistics will not be totally representative of
the true prevalence of this condition. As a follow up  to. this
present atudy we hope to institute Ffingerprick daxtrose
measurements in the year round hospital swveillance system which
currently +fallows up a random 4% samples of all hospital

admissions. . '

The mechanisms of hypoglycemia will be investigated by
measuring in appropriately selected subiscts the levels of plasma
glucoses and the concomitant levels of various hormones |
circulating fuels and substrates invalved in gluconengenesis
(insulin, C-Feptide,growth hormones, cortisal glucanon,
epinephrine, alanine, lactatae, B-hydrosybutyrate, Freée Fatty
Acids) during the episode of hypoglycemia and their changes over
time i0 response to glucagon and or glucose infusions.

9 L o H%pmglymemim patient will then be compared to two sets
of controls: &) an age matched normoglycemic(on admission) patient
with acute diarrhea and b)) an age matched hyperglycemic (on
admission) patient with acute diarrhea. For the controls plasma
glucose ariit the concomitant levels of  various hormones,
circulating fuels and substrates involved in glucose homeostasis
will be measured on admisssion (duripg their episode o
normoglycenia  or hyperglycemia ) and at twenty fouwr hours past
admi ssion

Apart {4rom comparing the levels of plasma glucose and the
concomitant  levels of various hormones,circulating fuels and
substrates on admission and at 24 hours post admission the three
groups will ‘also be compared on the basis of 1) nutritional
status -{arm circumference,weight/age,wsight/height ,conval escent
blood protein), iidduration of fasting, iii)duration of diarvhea,
ivietiology of diarrhea, v)etiology of any concomitant infection
apart from diarrhea and vi)presence or absence of septicemia.

L
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Statistical Analvsis: : A

Frevalence of hypoglycemia in association with diarrhea in
Bangladeshi children will be established by measuring +for the
pariod of one wesk the admission blood glucose values (by means of
a Finger prick using dextrostix reagent sastrips read by a
glucometer (68) of all patients admitted either to the treatment
centre, the general ward or the intensive care unit of the Dhaka
station bhospital of -the International Centre #for Diarrheal
Diseases Research,Bangladesh. By screening all the admissions for
2 week we hope to get a representative population of -people with
diarrhea in Bangladesh. Thig is of course not taking into account
Lhe  weasonal wvardiation in dias 2 prevelence and the fact that
the patients coming to the hospital are somswhat s2lf selected.
the ideal methodology would be te do a year round survey in  the
community and the hospital settings.

In  addition to screening blood glucose values we will  also
asueess the nutritional status of zach admission for that one week
by  measuring arm clrcumference, wﬁiqht.¥mr age and weioht for
hedght . By collecting this data we hope to be able to establish
baseling norms for  blood gliucoes Salues atcording Lo nutritional
status  for patients with acute diarrbea in Hangladesh. In
particular we would like to document the norms for children
suffering from marasmus and kwashiorkor as there seems o b somne
controversy {56) about the prevalence of hypoglycemia in this
0T . '

I o cler to validate the apcuracy of Jhe
destrostix/alucometer we will compare simultaneous plasma glucose
e (done at the laboratory by the glutoxe oxidase
methed ) o all patiemts in the study.

In anvestigating the mechanisms of bypoglycemia we have
decided to study twenty hypoglycemic patients divided into the
tollowing age categories: 1)0-0.99, Pl =299, 1i4)6-14.2%9 . and
iv) 13 and above. For each hypoglycemic patient we have decided to
study two controls ,i) an age ang sex matched patient with acute
diarrhea who is normeglyeemic on admission -0 blood sugar greater
than 2.3 mmol/litre (60 mg/dl) and less than $.8 mmol/litre (105
mg/dl) 1 and ii) an age.and sex matcMed patient with acute diarrhea
who is hyperglyecemic on admission--—-L blood sugar orsater than 10
mmoal /litre (Y80 -mg/sdl) .l Fhps im total we wilt be studying sixty
children.

We plan to compare the three groups on the basis of the
following: i mean plasma glucose level (by the nature of the
selection process of the three groups they will be significantly
different) ii'mean plasma levels of insulin, C-peptide, cortisol,
growth hormon=, glucagon, alanine, lactate, B-hydroxybutyrate,
free fatty acide, SG60T,8G6FT, serum electrolytes, urea nitrogen,
creatinine, and total white cell count iii) nutriticnal status
ivietiolegy of diarrhea v) etiology of any concomitant infection

7
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Inclusion Criteria

finy patient whose screening admission blood glucose by dextrostiy
is less than 2.2 mmol/litre (40 mg/dl) will be classified as
hypoalycemic and will be entered into the study i1Ff legal consent
is obtained from the legasl guardian.

Normoglycemic Control Group:

The first age and sex matched patient with acute diarrhea whose
admission blood glucose level by dextrostix is greater than 3.3
mmol Alitre (&60g/dl) and less than %.8 (105 mo/dl) will be
entered into the study as a normoglycemic contraol if consent is
obtained from the legal guardian.

Hyperglycemic

The +irest age and sex matched patient with acute diarrhea whose
admission blood glucose level by dextrostis ise greater than 10,0
mmol Alitre (180 mg/dl) will be entered into the study as a
hypergl yeemic control 16 legal consent is obtained from the legal
guardian.

Exclusion Criteria:

The only edclusion criteria is one that applies to the controls:

Any  patient having a history of diabetes or diagnosed as having

diabetes will be excluded Ffrom the control groups.
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The methods For establishing the prevalence of hypoglycemia in
associacion with acute diarrhea in Bangladeshi children have
already been described in the previous section. :

Thi  mechanism  of wpoglycemia will he investigated as
follows: .

(1) During the couwrse of the study all admissions to the general
ward and the intensive care unit will have their admission blood
glucose . levels scriencd by ifnder Mol Wsing ot rastlH e adent
strips read by a glucometsr (65).

L2 I+ the glucometer réading is less  than 2. 2mmol73itre (40
mg/dl)  the patient will be classified as hypoglyoemic and will
immediately be tramsferred to the intensive care unit.Once legal
consant iz  obtained from ths legal guardian the patient will be
entered into the study.

(3 Immediately an angio-catheter will be inserted into one of the
ante-cubital veins by the investigator and blood will be
collected fors !

Routinie Blood Testis

Complete Blood Count and Differential

Hematoor it

Blood culture—-inpcluding Shiga todin detection.

Flasma glucose (blood to be collected in fluoride oxalate tubes
ard  to be separated immediately and Afrozen.
Maasurements to he done by the hedokinase
mthod) :

SGerum urea,craatinine,electrolytes,total protein.

Blood Tests for Research
Flasma Insulin (46)
Flasma C-peptide (47)
Glucagon (&8)
Catecholamines —({Epinephrine,Norepinephrine ) (49 )
Cortisel. (12

Growth Hormone (70)

Flasma FKetones (71)

Flasma free fatty acids {(72)

Flasma Alaning (73)

Flasma Lactate (74)

SEPT

Endotoxin ~limulus lysate test

Detection of macrophage insulin like activity
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4)In the case of all hypoglycemic children [with dextrostix values
lees tharn 2.2 mmol/litre (40mg/dl) ] once the initial blonds are
drawn a bolus of 2mls/kg of a ?s0gms/litre  (25%) dextrose

solution Will be immediately infused by rapid intravenous
injection in  the arm not contalning the angio—-catheter.

s o

Immediately thereafter a solution of half strength acetate and
sogms/litre (5%4) dextrose will be infused. Initially the infusion
will be wide open ,then subseguently the rate will be readiusted
according to repeat dextrostisx measwrements  at  185min, 3O0min,

&Omin., 120min. 240min and 24hrs.

7) 14 at any time a dextrose stix reading shows hlood glucose {0
he less than 2.2 mmol/litre (40mg/dl) an immediate bolus Of

2B0gms/litre 2Eyy daxtrose solution will be given and a repeat
destrostix will be checked fifteen minutes later.

g)yafter the initial blood draw at Ohrs, blood will be collected

for dextrostis measurements and plasma glucose at 1%9min, 30,min,
HOmin, 120min, 240min and 24 hours. Blood will aleco be collected
for plasma insulin, Cpeptide, epinephrine and glucagon at FOmin,
bOmin, Z40min and 24 hrs. Cortisonl ,Growth Hormone, G.I1.F., Flasma
alanine, lactate and plasma ketone levels will be checked at
240min  and 24 hrs. In addition to blood collected for routine
hospital management of the patient a total of 8. @l in. =i
diftferent collections over a period of 24 hours will be drawn
for research purposes.

|
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1A full history and physical examination will be recorded using
the standard hospital {forms. In addition specific data of
interest will be coded on the data sheets enclosed.

10)Y0Other admission investigations will include stool culture ( for
salmonellar, shigellae, vibrio cholerae, E-Coli LT/ST and Rota
Virus), stool microscopy and urine analysis.

11)All the patients will remain in the study wuntil discharged
freom  the  hospital. Their clinical couwrse wWill be closely
followed and all treatments including timing and dose of drug
therapy and +luids will be recorded for the first twentyfour

Pt s,

i Fatients who die (if consent is obtained) will have a +ine
nesdle percutaneous biopsy of the liver immediately post mortem.
smible during full untop LYy samplés of liver will be taken
5 staining before and after diastase digestion o)
dmttrlJOH of glyocogen depletion.

13 Controls:

For each hypoglycemnic patient there will be two sets of
conterols:

idan age and sex matched patient with acute diarrhea who is
normoglycemic on admission —-L blood sugar greater “than 35,35
mmol /litre (60 mg/dl) and less than 5.8 mmol /litre (105 mg/dly 1

o AN age and sex matched patient with acute diarrhea who is
hyperglyvcemic on admission ——— [ blood sugar greater than 10
mmal /litre (180 mg/dl 1. ; °

The process of selection of controls will be as +ollows:
Dnce a hypoglycemic patient has been identified, starting the
‘nedt day all admissions (to the general ward and the intensive

cars  unit) in the same age and sex category will be screengd

by dF‘trDﬁt1“ for their admission blood glucose values. The first
é matched patient with acute diarrhaa having a normal screening
blood glucose wvalue will be entered into the study as
.urmmmlyc5m1r contraol provided consent is gotten from the legal
guardian., Similarly the first age matched patient with acute
diarrhea having an elevated screening admission glucose value by
dextrostix will be sntered as the hyperglycemic control. The
screasning for controls will continue until a normo and hyper
glycemic pair are found. As regards age cateqories of
hypeglycemic patients, they will be classified into the following
categories: i)0-0.99, 11)1-8.99, 111¥6-14.99 and iv) 15 and above..
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14YIn the case of controls the initial blood collection will be
exactly the same as the hypoglycemic patients. Subsequently
however they will not have any 15min, Z0min, 60min,, 120min,
240min  blood drawings but will have a 24 hr blood drawing ,once
again sthe same as the bhypoglvecemic patients.

15 The controls will continue to recsive the standard hospital
treatment  +for their condition. They too will continue to be in
the study until discharged from the hospital and their clinical
course will be closely followed with all freatpent incluading
Liming and dose of drug therapy and fluids for the first 24 hrs
duly recorded. i :

We have decided to provide some type of positivé incentive
to the participants in the study. Thus all patients enrolled in
the study will be screened 24hrs post admission for  anemia by
means of a "spun hematocrit"  and any patient found to  bhe
signiticantly anemic will be appropritely treated with idron
supplaments.
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| SUMMARY OF DATA COLLECTION

CHypoglycemic Group only (#x)3 all other tests will be done on
all three groups.] . .

Ohrs:

idhistory and physical £ am.

iilRoutine Hlood JTests: Serum  electrolybes, urea  nitrogen,
creatinine, total protein, complete blood count and differential,
Drood el ture Cinwldading shioga towing . dettrostic s and plasma

alucose.

iiidResearch Blood Tests: plasma insulin, C-peptide, cortisol,
glucagon, catecholamines, growth hormone, G.I.F..plasma ketones,
tree fatty acids, alanine, lactate, albumin, SGFT and endotoxin

and macrophage stimulalon assay
¥*1Omin——— Routine tests: dextrostix, plasmas glucose.

#%30mi ne—<Routing: Lok
Fesearch tests:

plasma insulin, C peptide, catecholamines and glucagon

dextrostix, plasma glucose.

¥x#OHOMINn-—-Routine tests: dextrostix, plasma glucose.
Research tests: plasma insulin, C peptide,
catecholamines and gluycagon

*#1 20min~Routine te: i dextrostid,plasma glucose
Research tests: Glucagon, catecholamines, insulin
and Cpeptide.

*¥¥240min~Routine tests: dextrostix, plasma glucose.

Ressarch testa: plasma insalin, {5 peptide,
catecholamines, cortisol, growth hormone, glucagon,

alanine, lactate, plasma ketones and free fatty acids
amgd G L. R,

Z4hrs—-——=Routine tests : dextrostix, plasma glucose.
Res@arch tests: plasma insulin, Cpeptide,
catecholTamines, cortisol, glucagon, alanine, lactate,
plasma ketones, free fatty acids, total protein and
i A

Misc.-——Routine tests :i)stool (one sample ) for bacteriological
cultures/Elisa test and microscopy.
- Research tests @ urine analysis.

Positive incentive-——— Blood for "spun hematocrit™ 24 hrs post
* admission '
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ARSTRACT SUMMARY

1) As mertioned above we  have decided to study twenty
hypoglycemic patients and forty controls ( half of whom will be
normoglycemic and the other half hyperglycemic ). As each of the
groups will be preselected according to  an  admission  blood

alucose value ,their mean plasma glucose values will be
significantly different by virtue of the selection process —-L
hypogl yoemi a beding detinesd as blood glucose<d, @mmol /litre

(40mo/dl) , normoglycemia being defined as hlood glucose greater
than 2.2 mnol/Zlitre (60mg/dl) and less than 5.8 mmol/litre (105
m/il)  and hyperglycemia being detined as Hlood glucose groater
than 10 mmol/litre ¢ 180 mg/dl). ]

All the studies cited in the literature have had twenty
hypmg}ycemic patients or less so we should not have any problem
with statistical significance of our results,. In any case a lot
of our analysis will ‘deal with interpreting the levels of various
Py mone , cireulatisng fusls ariel substrates inviol vid in
gluconeogenesis concomitant to a particular glucose value, As the
glucose values will not be similar in the three groups we will
+er the most part be cpmparing our results in the hypoglyvocemic

patients = with controls in  the literature derived from
provocative testing. For example if we need to interpret the

measured level of plasma insulin concomitant with a blood glucos
value of 1.1 mmol/litre in our hypoglycemic group we need to
LMD A e it to data derived +From normal (non  hypoglycemic)
children who have undergone provocative testing to reduce  their
Blood glucose levels to 1.1 mmol /litre.

MY Our  prevalence statistics will ( as mentioned previously) not
he totally representative due to the possible effect of seasonal
variation LT dliseass preval Bnoese on the prevalence of

hypoglycemia. We hope that Ffollow up data collected via the
surveillance system ( which currently samples a randomized
systomatic 4% samole of all hospital admissions throughout the
year ¥ may be more helpful in this regard. In addition we
recagnize the fact that patients coming to the hospital are a
seld selected groupfand do not completely represent the community
at larage. ' &
IrWe would like to emphasize that adequate attention will be
giwven to ensuring “nat glucagon assays reflect pancreatic
glucogon” and not enter ¢ glucagon which has no documented counter
raegulatory role.

4) We have no explicit sxclusion criteria for our hypoglycemic
patients and we have vory broad inclusion ‘ecriteria. The only
absolute requirement i that these children have an associated
episode of diarrhea oo comission. The diarrhea does not have to be
their only disorder or _ven their primary disorder. The presence
or abtsence of other oo comitent infections (e.g. pneunonia ) is
nat & reason  for s
camparing the freques v of concomitant infections in the . three

ot Wl s STt O In fact we will be specifically,




36

groups.

I)The only invasive procedure that we will do during the study is
blood drawing. The amount of blood drawn for research purposes (a
total of 9mls in siy different collections over a' period of
24hr) will pose no risk to the patients.

43 In order to safeguard confidentiality and protect anonymity all
patients enrolled in the study will be assigned a study number
and that number  will be used throughout when analysing
information collected from such patients.

2rInformed consent will be obtained from the leagal guardian of
the patisent in each case. Fatients will receiwve The same ey
care (the best avaeillable for their condition) regardless
whiather theay agree to participate in the study or nok.

A3 Inm addition to the dats
madical history and phvsical
time of entry into the study.

forms enclose a complete standard
examination will be recorded at the

JiThe study will also reguire the use of hospital’ records {(which
vt Wwill record ourzelves), blood, stool and urine,

SEach individusl patient will receive the best care available
for their ecandition. fhe omajor disadvantage is that some blood
will be drawn for ressarch purposes which otherwise would not
havie bean done.

This relatively minor and transient inconvenience (at no
time will any patient face any significant adverse conssquence
a4 a result of being in the study ) nesds to be weighed against
the potential benefits accruwing from the information gained in
this study. Future patients will benefit because a better
understanding of the mechanism of hypoglycemia in  association
with diarrhea and a more accurate knowledge of its prevalence
Will help doctors to treat/prevent its adverse conseguencas.

In addition as a positive incentive, all participants in the
study  will ha screened for anemia on the basis of a 24hrs post
admission hematocrit. sAnyone found to be significantly anemic
will he appraopriately treated with iron supplements.

-
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DETAILED BUDGET
(1) Personnel Services

Mame : Cost

Dr. Omar Rahmarn Filot srdrtecal f
Drr-. M. Bennish

Drw f. Al am NG CHARGE
B D Warrell

or. R. Fhillips

Dy . fakbar

Cost

1000, 00

F1 500, 00

F2H00. 00

(B laboratory Tests For Ressarch Purposss

ong hypoglycemic patient who completes the study)

]
1
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Test Cost/Test ($) No.of Tests Cost F)

Serum electrolytes 0Q2.77 =
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creatinine Q. 58 1
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Test Cost/Test Nao. of Tests Cost .

’

72 1 0378

Total Lab. costs for one hypoglycemic patient

(1)PFersonnel
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on.renovation.alteration
Total cost tor sixty patients '
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