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STUDIES OF CHILDREN WITH KETOTIC HYPOGLYCEMIA]

The work of Ulstrom and his associates,”* has described many of the fea-
tures of ketotic hypoglycemia, a syndrome of sporadic hypoglycemia as-
sociated with ketosis in children. These investigators have described the
following characteristics : hypoglycemia rarely occurred before 18 months of
age; it usually occurred after poor dietary intake; acetonuria was present;
this kind of hypoglycemia was seen in children who were small for their
age and who had low birth weights, and it was associated with a depletion
of hepatic glycogen stores. Most of their patients had normal intelligence
and apparently outgrew the tendency to develop hypoglycemia by the time
they reached adolescence. Blood sugar responses to glucose, glucagon,
epinephrine, tolbutamide, leucine and ACTH were considered to be normal.
However, when 14 of their 30 patients were given a ketogenic diet they
developed symptomatic hypoglycemia within 24 hours, and then failed to
respond to glucagon. In contrast, the control group did not become sympto-
matically hypoglycemic during the three days of an identical diet. On the
other hand, Senior and Loridan® have reported that both their patients
with ketotic hypoglycemia and their control subjects became hypoglycemic
in response to the ketogenic diet.

Despite these studies and those of other workers,*® the etiology and
pathogenesis of this condition remain unknown and the diagnosis difficult
to make. Frequently this diagnosis is made when acetonuria and hypogly-
cemia coexist. However, as acetonuria has been reported in patients with
several types of sporadic hypoglycemia and appears to be a nonspecific
feature, its presence in the hypoglycemic child is insufficient to make the
diagnosis of ketotic hypoglycemia. In order to achieve a better understand-
ing of the etiology and pathogenesis as well as to improve the diagnostic
criteria, we have undertaken a systematic evaluation of changes in blood
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sugar, serum insulin, growth hormone, and free fatty acid levels following
several different stimuli. This approach should assist in the definition and
diagnosis of ketotic hypoglycemia.

During the past five years, 19 children with several different kinds of
hypoglycemia have been studied in the Yale Children’s General Clinical
Research Center. The parents of all of these children were interviewed by
the social worker. A recurrent theme in these interviews was parental
anxiety about possible mental retardation in the children. Parents attributed
this fear to predictive statements made by physicians at the time of the ini-
tial hypoglycemic episode.

All parents had responded to such predictions with heightened attention
to the child’s developmental accomplishments. Some had been prompted to
offer intense stimulation and optimal learning experiences to promote de-
velopment. Others, however, had subjectively experienced a sense of emo-
tional withdrawal and detachment from the child akin to a partial mourning
experience. Since early development can be adversely influenced by such
parental detachment, and since reports concerning the effects of ketotic
hypoglycemia on neurological and intellectual development have been con-
flicting,"*® it was evident that systematic evaluation of the development of
these children was urgently needed.

MATERIALS AND METHODS

Patients studied

The pertinent historical and physical findings of eight patients with
ketotic hypoglycemia* are shown in Table 1. At the onset of the investiga-
tion all of the children who had been referred to the senior author because
of hypoglycemia were studied. However, only the eight patients whose
findings fit most of the following criteria were considered to have ketotic
hypoglycemia : hypoglycemia associated with acetonuria, low birth weight,
perinatal stress, relative short stature, marked variability in 12-hour fasting
blood sugar levels, a rapid utilization of glucose despite normal levels of
serum immuno-reactive insulin, and the occurrence of hypoglycemia within
24 hours after the start of the ketogenic diet (at which time most patients
do not respond to glucagon stimulation). Five were males. Four of the
eight mothers were 34 years of age or older when their children were born.
During five of the pregnancies these mothers had experienced pre-
eclampsia, toxemia or another significant illness. Five of the eight children

* The studies were discussed in detail with each of the parents prior to admission
by the senior author (J.G.) and later by the Research Social Worker (A.McC.).
Signed consent was then obtained before the child entered the Clinical Research Center.
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weighed less than 2,500 grams at birth and seven of the eight patients ex-
perienced a great deal of stress during the neonatal period. Three had
symptomatic hypoglycemia.

When the patients were studied, (at 8-38 months of age), seven were
below the 50th percentile and five were below the 10th percentile for height.
Cataracts were present in two and four had abnormal electroencephalo-
grams.

Urinalysis, complete blood count, hepatic function, renal function, and
endocrine function (ACTH and Metapirone tests, PBI, and RAI) were
normal.

Metabolic studies

All tolerance tests were started after a 12-hour fast period, and after at
least three days of a diet consisting of an average of : 1500 calories; 150 gm.
carbohydrate; 70 gm. protein and 70 gm. fat.

The glucose tolerance test was carried out using one gram of glucose per
kilogram of body weight in a 20% solution administered intravenously in
3-5 minutes. Glucose utilization ‘(Ky) was calculated using the method of
Bowie, et al.® The leucine tolerance test utilized 150 mg. d-1 leucine per
kg. dissolved in warm water and given orally within 2-5 minutes. Insulin
tolerance was tested using a rapid intravenous infusion of 0.1U crystalline
insulin per kg.

During the study, each patient was given the ketogenic diet designed by
Colle and Ulstrom® for one to two days, depending on his response. This
diet consists of the following: 1200 calories per 1.73 square meter of body
surface per day, 67% of the calories as fat, 16% as carbohydrate, and 17%
as protein. Three meals each with an equal caloric content, were fed each
day and bloods were sampled prior to each meal and at four hourly in-
tervals.

Glucagon tolerance tests were carried out at the following times: at the
completion of the glucose tolerance test, at the completion of the insulin
tolerance tests, and at that point in the course of the ketogenic diet when
symptoms (extreme irritability, altered speech, impending or frank seizure
activity) warranted a discontinuation of the diet. This test utilized 0.03 mg.
glucagon per kg. as an intramuscular injection.

Blood glucose was measured using glucose oxidase.” Immuno-reactive
insulin (IRI) was determined by the double antibody radioimmunoassay.®
Growth hormone (HGH) was determined by a similar double antibody

radioimmunoassay.” Free fatty acids (FFA) were determined using the
method of Dole.”
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Developmental studies
The developmental evaluation of the children being reported included:

1) Parent interviews conducted separately by developmental examiner
and social worker in which detailed medical, developmental, and so-
cial histories were elicited.

2) Formal examination by the developmental examiner utilizing the Re-
vised Yale Developmental Test. This is a composite test with items
drawn from the Gesell, the Hetzer-Wolf Baby Test, the Merrill
Palmer and Stanford-Binet Scales. The test’s results yield:

1) a score expressing developmental age and developmental quotient;

2) a profile of scores in the separate sectors of gross motor, fine
motor, adaptive, language, and personal-social development;

3) an analysis of specific functions within the five major areas.
Among these are functions such as perception, memory, imitation,
development of object relations, ability to solve problems;

4) observation of mother-child interaction in the structured test situa-
tion.

Escalona,™* Knobloch,®* Provence and others™ have demonstrated
that the examination can effectively identify those infants who will later
manifest neurological and intellectual deficits and those who will not.

By the latter half of the first year, experienced developmental examiners
with basic knowledge of pediatrics and infant neurology can rule out most
of the common developmental disorders and establish the capacity for de-
velopment within the normal range.

TasLE 2. TweLvE-Hour FasTiNG VENous BLoop SUGAR LEVELS IN PATIENTS
wiTH KEeroric HYPOGLYCEMIA

Patient  Fasting blood sugar (mg/100 ml.) Max-Min

J.H. 3 53 70 78 91 97 66
M.H. 49 57 61 61 77 109 60
A.B. 61 61 76 78 79 108 47
JJ. 29 59 67 71 8 9 61
M.L. 22 4 65 65 66 79 57
AK. 54 6 71 74 76 92 38
C.C. 59 59 66 8 8 98 39
PL. 50 50 59 71 76 77 27
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RESULTS
Metabolic studies

Twelve-hour fasting blood sugar levels* (Table 2). Each value in this
table represents a 12-hour fasting blood sugar taken after at least three days
of good dietary intake (described above). The blood sugar levels have been
arbitrarily listed in ascending order. The final column of the Table (labeled
Max-Min) represents the difference between the highest and the lowest
12-hour blood sugar value for each of the patients. Worthy of note is the
great variability seen in the values of individual patients in all but possibly
one (P.L.) of these children. The variations in 12-hour blood sugar values
for these patients (Max-Min) ranged from 27 to 66 mg% and averaged
494 += 4.8 (S.E.M.).

TaspLE 3. BLoop SuGAR AND SERUM INsULIN LeveLs DuriNng A TWENTY-FoUur
Hour Fast 1N PATIENTS wiTHE KETOoTIC HYPOGLYCEMIA

Howurs

4 8 12 16 20 24

Patient Test

J.H. Sugar* 33 48 24  31%*
Insulint

M.H. Sugar 67 56 61 49 38 20
Insulin 0 0

A.B. Sugar 84 82 61 64
Insulin

J.J. Sugar 64 65 82 49  45%*
Insulin

M.L. Sugar 87 67 65 23 36 28
Insulin 0 0 0

AXK. Sugar 68 71 71 67 63 63
Insulin

C.C. Sugar 76 68 59 56 23 18%*
Insulin 0

PL. Sugar 5 55 50 19%*
Insulin 4 1 1 1

*mg/100 ml.

+pU/ml
*x Seizure activity.

* Although glucose was measured using the glucose oxidase method, the term,

“blood sugar” will be used throughout the paper in order to maintain a consistency
with previously published data.
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Twenty-four hour fast (Table 3). Blood sugar and IRI values obtained
at four-hour intervals during a 24-hour fast are noted in this table. Six of
these patients developed hypoglycemia ‘(blood sugar less than 50 mg%)
after 20 hours; four developed a marked change in sensorium (extreme ir-
ritability, altered speech, impending or frank seizure activity), and four
cases in which insulin was measured at the time blood sugars were low,
also had IRI levels that were low.

Glucose and glucagon tolerance test (Tables 4 and 5). Blood sugar, IRI
and FFA responses were as expected in all patients for the first 60 minutes
following the glucose load. However, three of the seven patients had hypo-
glycemic blood sugar levels five hours after the infusion. All of the patients
responded with elevated blood sugars when glucagon was given at the end
of the glucose tolerance test. Rates of glucose utilization for each patient
following the glucose load (Kr) are noted in Table 5. These values ranged
from 2.57 to 3.15 and averaged 2.94 = 0.11 (S.E.M.). Patient A.K. did
not have this test.

Leucine tolerance test (Table 6). Not one of the eight patients developed
hypoglycemia during the test and in no instance was the IRI level excessive
in response to the leucine load.

Insulin and glucagon tolerance test (Table 7). Two hours after infusion
of insulin blood sugar levels were markedly below fasting values in four of
the patients. Despite this, the patients tested responded to glucagon with
notably elevated blood sugars. (One patient, A.K., did not have this test.)
HGH and FFA also responded as expected. HGH levels increased at least
twofold in response to insulin in each patient and in no case was there an
excessive level of HGH at any time throughout the test.

Ketogenic diet (Table 8). All eight patients developed hypoglycemia
within 20 hours after the onset of the diet, and in every case acetonuria was
noted. All of the patients developed a significant change in sensorium ‘(as
described above) within 28 hours at which time the test was discontinued
and glucagon was administered. Although glucagon stimulation was fol-
lowed by a rise in blood sugar in only two of the patients, seizure activity
was not persistent and glucose administration was not required in any of
the eight patients.

Developmental studies

Table 9 demonstrates that three children had entirely normal develop-
ment, two manifested mild, specific developmental deviations, possibly re-
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TaBLE 5. RATES oF GLUCOSE UTILIZATION FoLLOWING GLUCOSE LoAD

iN PaTiENTs wiTH KEToTIC HYPOGLYCEMIA

Patient K: (% per min.)
J.H. 3.01
M.H. 2.67
AB. 3.01
J.J. 277
M.L. 3.15
C.C. 3.57
P.L. 3.15
Mean + SEM 2.94 + 0.11

TaBLE 6. BLoop SuGAR AND INsuLIN LeveLs FoLLowiNGe LEUCINE LoapiNg

1IN PaTiENTs witE KEeToTic HYPOGLYCEMIA

Patient Test o 15 30 45
J.H. Sugar* 97 82 8 &
Insulint 2 1 1 8

M.H. Sugar 77 66 58 60
Insulin 5 14 9 4

A.B. Sugar 78 8 74 66
Insulin 6 7 7 3

J.J. Sugar 67 58 58 57
Insulin 18 32 25 16

M.L. Sugar 65 70 67 64
Insulin 12 0 0 0

AK. Sugar 92 73 72 67
Insulin 18 8 11 9

C.C. Sugar 98 71 63 65
Insulin 1 22 17 10

P.L. Sugar 7 76 72 73
Insulin 9 70 13 5

* mg/100 ml.
+4U/ml.
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TasBLE 7. BLood SucAr, GRowTH HoRMONE AND FReE FATTY Acips FOLLOWING
INSULIN AND GLUCAGON TOLERANCE TESTS IN PATIENTS
witH Keroric HYPOGLYCEMIA

IM Glucagon
IV Insulin tolerance test tolerance test
Patient Test /4 15 300 45 60" 120 15 300 45 60
JH. Sugar* 78 39 38 43 55 70 109 116 122 108
HGH** 6 10 13 7 6 2
FFA} 611 320 189 698
M.H. Sugar 57 19 27 38 42 40 67 71 71 55
HGH 0 18 20 13 12 7
FFA 832 655 683 699 1192
A.B. Sugar 108 98 92 89 87 124 144 151 127
HGH 4 4 12 6 6
FFA 1240 1490 859 1081 989
J.J. Sugar 59 32 13 16 24 31 76 108 71
HGH 3 9 7 18 20
FFA 1299 592 559
M.L. Sugar 4 10 10 10 21 47 67
HGH 7 19 17 20 20
FFA 777 426 397 455 412
C.C. Sugar 80 28 24 62 55 78 100 114 8 69
HGH 2 1 2 2 26 12
FFA 530 260 195 195 215 320
P.L. Sugar 76 43 29 40 48 58 8 79 76 61
HGH 3 5 5 10 18 4
FFA 640 350 210 120 310 560
*mg/100 ml.
** mug/ml.
+4Eq/L

lated to adverse environmental influences, and three showed specific signs of
CNS dysfunctions. All children, however, functioned intellectually within
the normal range.

No clear association between developmental status, EEG findings and
seizure history could be demonstrated (Table 10). Seven children experi-
enced perinatal stress, but there is clear evidence of associated CNS damage
in only three. Precise data concerning the relative severity of the stress ex-
perienced by the impaired and intact children have not been available.
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TaBLE 8. BLooD SUGAR, URINARY ACETONE AND SEIZURE ACTIVITY FOLLOWING
KEeT0GENIC DIET AND GLUCAGON TOLERANCE TEST IN PATIENTS
wiITH KETOoGENIC HYPOGLYCEMIA

Glucagon tolerance
test (Blood sugar—
Ketogenic diet (blood sugar—mg/[100 ml.) mg /100 ml.)

Patient 0 4hrs. 8hrs. 12hrs. 16hrs. 20hrs. 24hrs. 28hrs. 15 30" 45 60"

JH. 91 61 70 45 12 22 *15** 51 67 80 73
MH 54 42 24 *22 *13  *14x* 35 50 65
A.B. 65 35  *25%x 25 25 26 25
J.J. 9 61 103 *17 *]5** 17 22 28
ML 79 74 79 *34 *16* 24 30 22
AK. 54 48 46 *41 *23+* 30 29 29
CC. 8 8 76 *69 *58 K31 35 34 33 32
PL 78 78 70 *66 *118 *30 *28 39 40 39 37

* Acetonuria.
** Seizure activity.

DISCUSSION

Senior and Loridan® found that their patients with ketotic hypoglycemia,
as well as their control patients, developed hypoglycemia in response to the
ketogenic diet. This finding questions the very existence of this disease
entity and therefore makes mandatory more precision of definition and diag-
nosis. In addition to the patients presented in this study, three other patients
were given the ketogenic diet: one normal boy, one adolescent boy with an
insulinoma and one three-year old girl with Beckwith’s Syndrome. None
of these children developed hypoglycemia within 48 hours after starting the
diet.

Eight of the 19 children with sporadic hypoglycemia who have been re-
ferred to the senior author during the past four years have fulfilled our
criteria for ketotic hypoglycemia. Therefore, we suggest that although
ketotic hypoglycemia may be associated with other conditions,” it is a dis-
tinct disease entity and may represent the largest group of children with
sporadic hypoglycemia. The present study verifies the following findings
of Ulstrom, et al.”*: the patients present with hypoglycemia and acetonuria;
the children are usually small for their age and most had low birth weights;
hypoglycemia occurs within 24 hours after the start of the ketogenic diet
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at which time most patients fail to respond to glucagon stimulation. In ad-
dition, this study suggests that a stormy perinatal course, a marked vari-
ability in blood sugar levels during a 12-hour fast, and a rapid utilization
of glucose despite normal to low levels of IRI are often present.

Five of these eight children had difficult gestational courses and seven had
inordinate amounts of perinatal stress. Even though our sample is quite
small, our experience indicates that this neonatal stress may well be an im-
portant stimulus for the development of subsequent ketotic hypoglycemia.
Any suggestion of a mechanism whereby such stress stimulates the subse-
quent episodes of hypoglycemia would be highly speculative and therefore
unwarranted at this time.

This concept of neonatal stress-induced hypoglycemia may gather to-
gether several types of hypoglycemia now classified separately: children
born to toxemic mothers; children small for dates; cold-injured newborns:
and children with ketotic hypoglycemia. At first consideration this com-
pilation may appear to contradict our thesis that ketotic hypoglycemia is a
distinct entity. However, we suggest that each of these conditions may
actually be ketotic hypoglycemia, the only difference being the specific type
of neonatal stress in each case.

There was a marked variability of the blood sugar responses to the 12-
hour fast. As noted in Table 2, the maximum minus minimum 12-hour
fasting blood sugar values for the eight patients ranged from 27 to 66 mg.
per 100 ml. with a mean (%= S.E.M.) of 49.4 == 4.8 mg. per 100 ml. Con-
trol data are not available, However, data presented by Danowski® for 17
children, 9-15 years of age, showed that the maximum minus the minimum
values ranged from O to 46 mg. per 100 ml. with a mean (* S.E.M.) of
10.9 = 2.6. Although the data reported by Danowski were obtained from
older children, they suggest that the variability demonstrated here may
represent an abnormality in the control mechanisms governing blood sugar
homeostasis. In addition, comparable inability to maintain normal blood
sugar levels was noted when our patients were fasted 24 hours, at which
time six of the eight became hypoglycemic, although insulin levels were low
in the four patients where measurements were made.

Glucose tolerance testing revealed a very rapid utilization of the infused
glucose (Kr = 2.95% per minute) without any evidence of inappropriately
elevated IRI or of abnormal FFA levels. Although control data are meager
and less than ideal, Danowski* has presented IV glucose tolerance data for
27 normal children 2-16 years of age. The (Kr) value was 1.26 percent per
minute for Danowski’s patients. This contrasted with values of 1.67 to 1.80
percent per minute for adults™** and 1.03 for infants.®
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Although various suggestions have been made, the pathogenesis of ketotic
hypoglycemia remains uncertain. Ulstrom, et al.** have suggested that this
type of hypoglycemia represents a failure to make one or more adaptations
necessary to convert from a carbohydrate-burning to a fat-burning economy.
Kogut, et al® have suggested that in patients with ketotic hypoglycemia,
hyperketonemia fails to stimulate an increase in insulin secretion, thus fail-
ing to regulate hepatic ketone production and failing to preserve liver gly-
cogen. However, there is no evidence that ketones ever stimulate IRI in
man.®*

Senior and Loridan® demonstrated that the rates of glycerol disposal
were the same in their patients with ketotic hypoglycemia and in their
control patients. They concluded that there was no abnormality in gluco-
neogenesis and postulated that children who developed this type of hypo-
glycemia have a relatively greater demand for fuel by the brain. Unfor-
tunately, in considering the pathogenesis of ketotic hypoglycemia, it is
important to note that glycerol provides only about 5% of the substrate
for gluconeogenesis;* this study neither allows us to disregard a failure of
gluconeogenesis nor does it give convincing evidence of the importance of
increased glucose utilization by the brain.

These hypoglycemic patients demonstrate three findings which we cannot
explain on the basis of any single mechanism: they have an increased
utilization of blood sugar following glucose infusion; they have marked
variation in their 12-hour fasting blood sugar levels and they usually do not
respond to glucagon after becoming hypoglycemic in response to the
ketogenic diet. These findings were not associated with: increased levels of
serum IRI; abnormalities in plasma concentrations of FFA or a deficiency
of serum HGH. In addition, from our experience and that of others™™®
there seems little doubt that the tendency to develop this type of hypo-
glycemia lessens with age. Although the mechanism responsible is still un-
known, this type of hypoglycemia may well be due to neonatal stress which
induces a transient abnormality in the control of the ‘“counter-regulatory
principles” involved with blood sugar homeostasis. As defined by Freinkel
and Metzger,” these principles antagonize glucose utilization in the periph-
ery and activate hepatic glycogenolysis or gluconeogenesis or both.

There is little evidence that ketotic hypoglycemia either produces or is
associated with mental retardation. Kogut, et al.® identified three of 13
ketotic children with I.Q.s or D.Q.s below 80, and three in the dull-normal
range. However, no information is given concerning other potential in-
fluences upon the intellectual function of these children. In contrast,
Ulstrom, et al.*® reported normal intellectual development in 30 children
with ketotic hypoglycemia. Our study revealed entirely normal intellectual
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function in seven of eight children and dull-normal function in only one.
There was clear evidence of specific neurological dysfunction in three chil-
dren, and possible mild, specific dysfunction in two others. However, since
the incidence of such perceptual-motor handicaps in the general population
has not been established, it cannot be stated that this finding is significantly
associated with ketotic hypoglycemia.

Kogut, et al.® have suggested the use of a specific diet and the daily test-
ing for acetonuria in their patients with ketotic hypoglycemia. They also
teach these parents how to estimate blood glucose levels with Dextrostix.®
Although this approach may be warranted in some patients with frequent,
severe episodes of hypoglycemia, we feel the condition is generally mild and
warrants no further treatment other than: parental reassurance, the
avoidence of prolonged fasts, the avoidence of excess dietary fats, and the
need for breaking fasts with a low-fat content food. No medication is neces-
sary. If concern about the child’s development is expressed, careful evalua-
tion should be arranged. Predictions without such evaluation serve no useful
purpose.

SUMMARY

A study of eight children with ketotic hypoglycemia has made the diag-
nostic criteria for that condition more precise. These include the following:
sporadic hypoglycemia associated with acetonuria; low birth weight; peri-
natal stress; relative short stature; marked variability in 12-hour fasting
blood sugar levels; a rapid utilization of glucose despite normal levels of
serum immunoreactive insulin; and the occurrence of hypoglycemia within
24 hours after the start of the ketogenic diet, at which time most patients
do not respond to glucagon administration. The etiology and pathogenesis
are discussed. In addition, developmental studies in these eight patients fail
to demonstrate an association of ketotic hypoglycemia with mental retarda-
tion.
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