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Abstract. The aim of the present study was to evaluate various 
functional tests for the differentiation of hyperinsulinaemic 
hypoglycaemia. The pathophysiological and histological find- 
ings in six infants, aged 2-7  months, with persistent hyperin- 
sulinaemic hypoglycaemia are described. Islet cell adenoma 
was found in four infants and pancreatic nesidioblastosis in 
two others. Circulating levels of blood glucose (BG), immuno- 
reactive insulin and C-peptide immunoreactivity were mea- 
sured under basal conditions and during both stimulation and 
suppression. The diagnosis of hyperinsulinaemia was made by 
estimation of the BG/serum insulin ratio, which was the most 
important diagnostic criterion of hyperinsulinism. Control 
subjects of comparable age showed a ratio of 8.3 + 4.4 (range 
4.1-13.3), whereas the six patients had values between 0.3 
and 5.1. At  least four determinations with ratios lower than 
2.6 were necessary for confirming the diagnosis. Preopera- 
tively we performed oral glucose tolerance, diazoxide infu- 
sion, somatostatin infusion and C-peptide suppression tests. It 
is suggested that the various function tests, especially the sup- 
pression tests, do not differentiate hyperinsulinism caused by 
an adenoma from that caused by diffuse pancreatic nesidio- 
blastosis. 
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Introduction 

The differential diagnosis of persistent hypoglycaemia in new- 
borns and young infants requires more elaborate diagnostic 
measures tan in adults [6, 20]. Other causes of hypoglycaemia 
in infants include congenital defects of gluconeogenesis and 
glycogenolysis, disorders of amino acid metabolism, growth 
hormone deficiency or adrenal insufficiency. 

Hypoglycaemia due to hyperinsulinism may be transient as 
in infants of diabetic mothers, in infants with erythroblastosis 
fetalis or in the Wiedemann-Beckwith syndrome [1, 20]. Per- 
sistent hyperinsulinaemic hypoglycaemia can be caused either 
by diffuse abnormal distribution of B-cells (nesidioblastosis, 

Offprint requests to: P. Amendt 

Abbreviations: IRI = Immunoreactive insulin; BG = blood glu- 
cose; CPR = C-peptide imnmnoreactivity; HCP = human C-pep- 
tide; BW = body weight 

endocrine cells dysplasia) or by abnormal local distribution of 
endocrine cells (islet cell adenoma, insulinoma) of the endo- 
crine pancreas [11, 13, 20]. 

Modern laboratory techniques including sonography, com- 
putered tomography and angiography cannot differentiate be- 
tween these two forms of hyperinsulinaemia [6, 7]. In adults, 
transhepatic portal vein catheterization has become a reliable 
diagnostic technique to identify hormone-producing pancrea- 
tic tumours [3, 6, 7]. In infants, this procedure is technically 
difficult and not without risks. 

Early diagnosis and effective medical or surgical treatment 
are absolutely necessary in order to prevent brain damage and 
mental retardation [8, 16, 20]. 

We evaluated the ability of several functional tests to dif- 
ferentiate between various forms of hyperinsulinaemic hypo- 
glycaemia in infants. 

Patients and methods  

Patients 

Clinical details of the six infants are summarized in Table 1. 
All  were children of non-diabetic mothers and there was no 
history of diabetes or multiple endocrine neoplasia. The pan- 
creatic adenomata were enucleated and 95% resection of the 
pancreas was done in cases of nesidioblastosis. Portions of re- 
sected pancreas were examined histologically. Recurrent 
hypoglycaemia was seen in only one patient with nesidioblas- 
tosis (patient 6) despite 85%-90% pancreatic resection in the 
initial operatin. 

Histological data 

The histological diagnoses are summarized in Table 1. The tis- 
sue samples were fixed in formalin or Bouin's fluid, embedded 
in paraffin, stained with haematoxylin-eosin, Goldner, PAS, 
Congo red, acridine orange, aldehyde fuchsin and Grimelius 
argyrophily, respectively. The insulinomas contained diffusely 
distributed argyrophil cells. Aldehyde-fuchsin staining showed 
that tumour cells reacted far less than regular islets. In the two 
cases with pancreatic nesidioblastosis, no adenoma but hyper- 
plasia of the endocrine tissue, giant islets, confluent islets and 
minute endocrine cell complexes was found. Staining with al- 
dehyde-fuchsin was variable and various degrees of argyrophilia, 
budding of endocrine celkls from the ductal epithelium, and 
frequently islets in the vicinity of exocrine ducts were also 
found [14]. 
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Table 1. Clinical and histological characterization of six infants with 
pancreatic hypoglycaemia 

Patient Sex Weight at Diagnosis 
no. birth (g) 

1 F 3150 

2 F 3140 

3 F 3500 

4 M 4750 

5 F 3500 

6 M 4250 

Ductoinsular insulinoma, size 
8 x 8 mm, diagnosed at age 6 
months 
Mixed islet-acinar adenoma, 
size 5 x 12 x 20mm, diagnosed 
at age 5 months 
Ductoinsular insulinoma, size 
5 x 6mm, diagnosed at age 3 
mouths 
Focal nesidioblastosis (nesi- 
dioblastoma), size 7 x 8 mm, 
diagnosed at age 2 mouths 
Diffuse nesidioblastosis, 
diagnosed at age 7 mouths 
Diffuse nesidioblastosis, 
diagnosed at age 2 months, 
recurrence after 90% resection 
of the pancreas 

Biochemical methods 

Venous blood samples were collected in heparinized glass 
tubes, centrifuged within 60min and the plasma stored at 
-20~  until assayed. The patients'  plasma samples were 
drawn exclusively prior to surgery. Plasma glucose was deter- 
mined by the glucose oxidase method. Plasma immunoreactive 
insulin (IRI) was estimated by radioimmunoassay using com- 
mercial kits (Isocommerz, GDR) and a porcine insulin stan- 
dard (Novo, Copenhagen, Denmark).  Human C-peptide 
(HCP) was measured by radioimmunoassay according to 
Heding [10]. HCP standard and 125I-labelled HCP were from 
Novo (Copenhagen, Denmark);  the HCP antiserum was a gift 
of Dr. Beischer (University of Ulm, Ulm, FRG).  Cross-reac- 
tivity of the antiserum with biosynthetic human proinsulin was 
indistinguishable from that with synthetic HCP. There was no 
cross-reaction with reduced human proinsulin or native insu- 
lin. 

Control subjects 

Blood glucose (BG) and plasma immunoreactive insulin (IRI) 
were determined in six healthy infants of normal body weight, 
aged 1-9 months after a 12-h fasting period. The infants were 
admitted either on account of minor ailments or for observa- 
tion. Informed consent was obtained from the parents. Due to 
a risk of hypoglycaemia the fasting period was limited to 12 h. 
BG was 3.54 + 0.26 mmol/1 (range 3.2-3.9) or 65.5 _+ 4.8mg/ 
100 ml (range 59.2-72.2). IRI  was 0.026 + 0.03 nmol/1 (range 
0.028-0.1) or 10.1 + 4.9 gU/ml (range 4.6-16.4).The quotient 
BG (mg/100ml) to IRI  (gU/ml) was 8.3_+4.4 (range 4 .1-  
13.3). 

Function test 

Oral glucose tolerance test. (oGTT) The oGTT was performed 
by administration of 2.0-2.5 g/kg body weight (BW) glucose 
via a gastric tube. Blood samples were taken as indicated in 
Fig. 1. 

Table 2. Biochemical characterization of six infants with pancreatic 
hypoglycaemia 

Patient Ratio BG (rag/100 ml) : IRI (gU/ml) 
n o .  

Individual values Mean + SD 

2.6/2.7/2.4/0.7/0.9/0.611.0/1.8/0.9 1.5 + 1.0 
2.9/3.5/1.4/5.1/2.8/2.2/4.6/1.4/0.8 2.7 + 1.4 
1.1/1.0/1.2/1.2/0.8/0.7/0.8/1.0/1.0 1.0 + 0.2 
0.9/1.0/1.3/1.2/0.8/1.0/0.8/2.2/1.0/ 1.1 + 0.4 
0.8/0.9 
2.8/1.9/2.1/4.7/3.2/3.3/2.6/2.2/2.3 2.9 + 0.8 
1.7/2.1/0.7/0.3/0.8/0.9/0.9/1.2 1.1 + 0.5 

Diazoxide test. Diazoxide (Proglicem, Shering, Bloomfield, 
U.S.A.)  was given as an intravenous bolus of 1 mg/kg BW at 
the time 0 min followed by a continuous infusion of 300 mg/ 
m 2 over a period of 60 min. Blood samples were taken as indi- 
cated in Fig. 2. 

Somatostatin test. Somatostatin (Stilamin, Serono, Freiburg, 
FRG) was administered in a 0.9% saline solution containing 
1% human serum albumin. An intravenous bolus of 2 ~tg/kg 
BW was given at time 0 min followed by 100 gg/m 2 over 60 
min. At  this time a dose of 6 pg/kg BW was administered and 
infusion continued at a dose of 300 ~g/m 2 over a second 60- 
min period. Blood samples were taken as indicated in Fig. 3. 

C-peptide suppression test. C-peptide suppression was per- 
formed by intravenous injection of 0.15 IU MC(Monocompo- 
nent)-insulin/kg BW (Actrapid, Novo, Copenhagen, Den- 
mark). Blood samples were taken as indicated in Fig. 4. 

Results  

Ratio o f  blood glucose to plasma insulin 

The ratio BG (mg/100 ml) to IRI  (~tU/ml) in the six patients is 
shown in Table 2. In four patients, all individual values 
showed inapropriately high plasma IRI  levels when compared 
with the BG values, whereas in two patients (nos. 2 and 5) 
only after measuring four individual values was the diagnosis 
confirmed. 

Oral glucose tolerance tests 

The oGTT gave varying results, ranging from delayed and un- 
changed to exaggerated IRI  and HCP release (Fig. 1). Peak 
levels for both IRI and HCP were attained 60-120 min after 
starting oral loading. 

Diazoxide tests 

The hormone response during diazoxide infusion was differ- 
ent (Fig. 2). While both IRI  and HCP were paradoxically in- 
creased in the two insulinoma patients (nos. 1 and 2), the de- 
crease of HCP in patient 3., who also had an adenoma, was 
only transient. In contrast, IRI stimulation associated with a 
weak inhibition of HCP release was observed in patient 4 with 
nesidioblastosis. Only in ony patient with diffuse nesidioblas- 
tosis (no. 6) were both IRI  and CPR suppressed over the 
whole test period. 
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S o m a t o s t a t i n  tests 

Both  IRI  and H C P  secretion were  suppressed in both insulin- 
oma and nesidioblastosis patients (Fig. 3). Af t e r  stopping the 
infusion, the hormone  concentrat ions re turned to basal levels. 

Depression of H C P  was more  prominent  than inhibition of 
IRI  secretion, but  both  were inhibited in a dose-dependent  
manner .  During the somatostat in infusion a decrease of 
growth hormone  immunoreact ivi ty  below 0.6ng/ml (1.2 I~U/ 
ml) was observed.  
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Fig. 3. Effects of somatostatin infusion on IRI and CPR in infants with pancreatic hypoglycaemia. Values are expressed as a percentage of basal 
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Fig. 4. IRI, CPR and BG changes after intravenous injection of Actrapid. Values are expressed as a percentage of basal concentration 

C-peptide suppression tests 

As shown in Fig. 4, intravenous injection of a short-acting in- 
sulin preparation (Actrapid) in two patients with nesidioblas- 
tosis and two patients with insulinoma produced an 80% de- 
crease of basal BG. Inhibition of HCP release was 86%, 60%, 

46% and 65% of basal levels (from left to right in Fig. 4). Insu- 
lin concentrations increased to over 1000% of basal levels. 
Under the same conditions six tall healthy children (age 9-14 
years) demonstrated a 50% drop in blood glucose and 88%- 
85% suppression of CPR. 



Table 3. Basal values of immunoreactive insulin (nmol/t; first value; 
above) and C-peptide immunoreactivity (nmol/l; second value; 
below) of the different functional tests 

Patient Oral glucose Diazoxide Somato- C-peptide 
no. tolerance tests statin suppres- 

tests sion tests 

1 0.070 0.130 0.044 0.106 
0.380 0.600 0.240 0.340 

2 0.057 0.167 0.109 
0.320 0.960 0.450 

3 0.069 0.062 0.099 
0.227 0.218 0.481 

4 0.073 0.144 
0.190 0.177 

5 0.038 0.036 0.036 0.069 
0.178 0.315 0.260 0.240 

6 0.220 0.110 0.083 0.058 
1.610 0.580 0.245 0.500 

Basal concentrations of lRI and CPR 

In the Fig. 1-4 only reactive patterns of hormone concentra- 
tions are demonstrated. The basal values of IRI and CPR are 
shown in Table 3. 

Discussion 

The aetiopathogenesis of diffuse or focal abnormalities of the 
insulin-producing B-cells is still unknown [1, 17, 20]. Hypo- 
glycaemia during the 1st year of life is a potent cause of brain 
damage and mental retardation. Early diagnosis and effective 
medical or surgical treatment is necessary. 

The most important biochemical change in hyperinsulin- 
aemic hypoglycaemia is the inappropriately elevated plasma 
insulin concentration in relation to blood glucose [6, 20, 21]. 
By using a rapid radioimmunoassay for insulin [2], it seems 
possible to confirm the diagnosis of hyperinsulinism within 
a few hours. Measurements of CPR or proinsulin immuno- 
reactivity are not useful in differentiating between diffuse 
nesidioblastosis or a discrete adenoma, the two causes of pan- 
creatic hypoglycaemia [20]. 

Our study showed that the repeated estimation of the ratio 
BG to IRI is of high value in the diagnosis of hyperinsulinaemic 
hypoglycaemia. It is necessary to assay more than one blood 
sample at different times because of fluctuating pancreatic 
hormone secretion [21]. A minimum of five measurements 
seems to be necessary for the diagnosis of hyperinsulinaemic 
hypoglycaemia. A B G : I R I  ratio less than 2.6 is pathological. 
The oGTT gave different results, ranging from delayed or un- 
changed to high insulin release. These tests were without diag- 
nostic value. Diazoxide causes hyperglycaemia by inhibition 
of insulin release, and it has been shown that in healthy sub- 
jects, as well as in cases of insulinoma, insulin secretion was 
inhibited [12]. In one case with nesidioblastosis CPR and IRI 
were suppressed. Two of our insulinoma patients showed a 
paradoxical increase of CPR and IRI. Moreover, patient 4 
with nesidioblastosis responded during diazoxide infusion 
with a dramatic increase of IRI, whereas CPR levels remained 
almost unchanged. Whether the ifferences seen in CPR and 
IRI secretion or especially the paradoxical increase of insulin 
levels after diazoxide infusion are of diagnostic value awaits 
further investigation. 
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In adults, somatostatin administration was thought to be a 
useful diagnostic test for hyperinsulinaemia [19], but this 
could not be confirmed by the present data. Suppression of 
CPR was more prominent than inhibition of insulin release, 
but both were inhibited by somatostatin in a dose-dependent 
manner. This is in accordance with the results of other inves- 
tigators who administered 7 pg/kg per hour and 20 pg/kg per 
hour, respectively [5, 18, 19]. In normal probands 10gg so- 
matostatin has been reported to be effective in suppressing in- 
sulin secretion [4]. It is possible that the somatostatin dose in 
the present study was too high. 

Administration of insulin has been shown to inhibit CPR 
secretion in healthy adults [9, 15]. This was confirmed in our 
control subjects. Variable results in adults with insulinoma are 
reported in the literature [9]. In one of our insulinoma pa- 
tients a diminished suppression was seen; in the others it was 
similar to that of healthy children. Due to the variation in re- 
sults in the literature, our own negative experience and the 
risk of precipitating cerebral lesions, we abandoned this test. 

Preoperative differentiation of the two forms of pancreatic 
hypoglycaemia was not possible with the different function 
tests. The diagnosis was only established by histological exam- 
ination after surgery. 

References 

1. Aynsley-Green A (1981) Nesidioblastosis of the pancreas in in- 
fancy. In: Randle PI, Steiner DF, Whelan WI (eds) Carbohydrate 
metabolism and its disorders. Academic Press, New York, pp 
181-204 

2. Besch W, Kohnert KD, Lorenz D, Hahn HJ, Ziegler M (1984) A 
rapid radioimmunoassay for insulin suitable for testing pancreatic 
tissue prior to transplantation. Clin Chim Acta 142: 249-255 

3. Beyer JU, Cordes U, Gtinther R, Georgi M, Thelen M, Kiimmerle 
F, Happ J, Krause U (1982) Lokalisationsdiagnostik bei Insulino- 
men. Dtsch Med Wochenschr 107 : 205-208 

4. Colturi TJ, Unger RH, Feldman M (1984) Rote of circulating so- 
matostatin in regulation of gastric acid secretion, gastrin release 
and islet cell function. J Clin Invest 74: 417-423 

5. Copinsci G, Leclerq-Mayer V, Virasoro E (1976) Pituitary and 
extrapituitary effects of somatostatin in normal man. Horm Metab 
Res 8:226-231 

6. Fajans SS, Vinik AI (1984) Diagnosis and treatment of in- 
sulinoma. In: Santen RJ, Manni A (eds) Diagnosis and manage- 
ment of endocrine-related tumors. Nijhoff, Boston, pp 112-135 

7. Glaser B, Valtysson G, Fajans SS, Vinik AI, Cho K, Thompson N 
(1981) gastrointestinal/pancreatic hormone concentrations in the 
portal venous system of nine patients with organic hyperinsulin- 
ism. Metabolism 30 : 1001-1010 

8. Goudsward WB, Zwiestra RP, Houthoff HJ, Rouwe C, Koostra 
G (1984) Surgical treatment of organic hyperinsulinism in infancy. 
Z Kinderchir 39 : 91-95 

9. Harrop JS, Golding PR, Goodalli P, Levenux VM, Steele GA, 
Ingle AR (1982) C-peptide suppression test and sulphonylure- 
induced factitious hypoglycemia. Br Med J 284 : 940-941 
Heding LG (1975) Radioimmunological determination of human 
C-peptide in serum. Diabetologia 11:541-548 
Heitz PU, Klgppel G, H~icki WH, Polak JM, Pearse AGE (1977) 
The pathologic basis of persistent hyperinsulinemic hypoglycemia 
in infants. Diabetes 26: 632-642 
Henquin JC, Charles S, Henquin M, Mathot F, Tamagawa T 
(1982) Diazoxide and D 600 inhibition of insulin release. Diabetes 
31 : 776-783 
Jaffe R, Hashida Y, Yunis EJ (1980) Pancreatic pathology in 
hyperinsulinemic hypoglycemia in infancy. Lab Invest 42 : 356-365 
Kunz J, Amendt P, Buntrock P, Gottschalk J, Hahn V, Dorsche 
H (1986) Pancreatic endocrine tumors: histological, immunocyto- 

10. 

11. 

12. 

13. 

14. 



112 

chemical and electronmicroscopical investigations. Acta Histo- 
chem [Suppl] 33 : 233-241 

15. Mandelkow H, Goetz K, Kfihnau J (1981) C-Peptid Suppressions- 
test bei Normalen und Insulinomtr~gern. Versuch einer funktions- 
diagnostischen Bewertung. Klin Wochenschr 59:1209-1215 

16. Martin LW, Ryckman RC, Sheldon CA (1984) Experience with 
95% pancreatectomy and splenic salvage for neonatal nesidioblas- 
tosis. Ann Surg 200 : 355-362 

17. Rahier J, Wallowand J, Henquin J (1980) Abundance of somato- 
statin cells in the human neonatal pancreas. Diabetologia 18:251- 
254 

18. Roti E, Ghinelli C, Bandini P, Del Rossi C, Emanuele R, Robuschi 
G (1981) Effects of somatostatin in a case of severe hypoglycemia 
due to nesidioblastosis. J Endocrinol Invest 4:209-212 

19. Scuro LA, Cascio V, Adami S, Galvanini G, Bianchi I, Cominancini 
L, Corgnati A (1976) Somatostatin inhibition of insulin secretion 
in insulin producing tumors. Metabolism 25 : 603-609 

20. Soltesz G, Aynsley-Green A (1984) Hyperinsulinism in infancy 
and childhood. In: Frick P, Harnack GA v, Kochsiek K, Martini 
GA, Prader A (eds) Advances in internal medicine and pediatrics. 
Springer, Berlin Heidelberg New York, pp 151-202 

21. Villaume C, Beck B, Dollet JM, Pointel JP, Drouin P, Derby G 
(1984) 28-hour profiles of blood glucose (BG), plasma immuno- 
reactive insulin (IRI) and IRI/BG ratio in four insulinomas. Ann 
Endocrinol 45 : 155-160 

Received September 8, 1987 / Accepted March 14, 1988 


