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Summary. Pancreatic tissue obtained at subtotal pancreatect-
omy from 15 infants with persistent hypoglycaemia with hy-
perinsulinism, and autopsy specimens from 23 age-matched
normoglycaemic controls, were studied with morphometric
methods after immunocytochemical staining of the four main
islet cell types (A, B, D and pancreatic polypeptide cells). In
three cases, a focal lesion was detected by gross examination.
Macroscopic or microscopic examination did not distinguish
the 12 other cases from controls. As found previously, nesidio-
blastosis was not a specific feature of the pancreas in infantile
hypoglycaemia, being observed in age-matched controls as
well. In cases with hypoglycaemia the volume density of B
cells was not significantly increased; that of the A cells was
within normal range. The volume density of pancreatic poly-

peptide cells was markedly augmented and that of somato-
statin cells was significantly decreased. The mean nuclear vol-
ume of the B cells was increased by 40% in cases with diffuse
changes, but in cases with a focal lesion this increase was re-
stricted to the abnormal area. This finding is of decisive im-
portance for diagnosis and has therapeutic implications. The
increase in B-cell nuclear size is thought to reflect an en-
hanced functional activity of these cells. On the other hand,
the figures obtained for the volume density of B and D cells
must be viewed with some reservation because degranulation
may interfere with accurate detection of these cells.

Key words: Persistent hypoglycaemia, nesidioblastosis, islet
cells, islet adenoma, immunocytochemistry.

Thirty years after its initial description by McQuarrie
[1], the syndrome of persistent neonatal hypoglycaemia
with hyperinsulinism still remains poorly understood.
Nesidioblastosis [2], i.e. diffuse and disseminated pro-
liferation of islet cells budding off from ducts, has been
repeatedly proposed as the underlying pathological le-
sion in the pancreas [3-11]. As a consequence of this
proliferation, an increase in the mass of insulin cells was
proposed to be the morphological antecedent of the hy-
perinsulinism [12]. Recent observations based on
quantitative immunohistochemical investigations have
shown, however, that nesidioblastosis is a common fea-
ture of the pancreas in normal neonates and infants
[13-18].

The concept of nesidioblastosis as the structural le-
sion underlying persistent neonatal hypoglycaemia with
hyperinsulinism has thus been questioned and other
aetiologies have been proposed. Thus, a decrease of
somatostatin-containing cells was detected in several
cases by quantitative histological/histochemical [18]
and immunohistochemical [19-22] analyses of the en-
docrine pancreas and was corroborated by radio-
immunoassay measurements of a low concentration of

somatostatin in extracts of whole pancreas [20]. Other
reported abnormalities are the loss of centrilobular
aggregation of the endocrine cells, and the existence of
small clusters of endocrine parenchymal cells through-
out the exocrine tissue associated with an islet cell hy-
perplasia [13]. The latter lesion has been called endo-
crine cell dysplasia [13, 17]. Although several authors
have made a distinction between cases with adenoma
and those without a circumscribed lesion {24, 25], recent
studies suggest that the various abnormalities observed
in persistent neonatal hypoglycaemia with hyperinsu-
linism represent different expressions of the same basic
defect [19, 23] and the term islet-cell dysmaturation syn-
drome has been proposed [26].

Despite the great number of investigations per-
formed in this field, it remains difficult to assess which
one of these manifestations could be responsible for the
disease and which feature can be considered pathog-
nomonic for histopathological diagnosis. These diffi-
culties probably result from the small number of cases
examined in each of the studies and from the limited
availability of adequate controls. The aim of the present
study was to determine the volume density and the rela-
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Table 1. Clinical data and laboratory findings in the patients with persistent neonatal hypoglycaemia with hyperinsulinism

Case  Sex Birth Familial Age at Plasma Plasma Extent of Follow up
no weight  occurrence glucose insulin pancreas therapy
(kg) Onsetof — Pancreas  nmol/1y  (mU/I)  resection
symptoms resection (%)
1 F ? - 3 days 2 days 1.3 125 90 Normoglycaemic
2 F ? - 1days 16 days - - 80 Normoglycaemic
3 M 4.50 Brother 7h 6weeks 0.4 132 9G Recurrence
to No9
4 F 6.19 2 neonatal 4h 2months 3.7 82 80 Recurrence and death
death at 13 months
5 M 3.00 1 neonatal 1days 3 months - Subtotal ?
death
6 M 4.50 Brother 5 days 2 months 29 Subtotal Recurrence. Diazoxide
to No 11
7 F 3.12 1 neonatal 1days 5months Low High ? Recurrence. Diazoxide
death '
8 M 299 Brother 1h 5 weeks High Subtotal Recurrence, Diazoxide
to No4
9 F 4.208 - 1day 8 months 90 90 Recurrence. Total resection.
Insulin required
10 M 4.50 Brother 1day 8 months 24 Subtotal Recurrence. Second subtotal
to No7 resection. Recurrence.
Diazoxide
11 F 4.50 MEA? Family. 2days 1% years 26 Partial Recurrence. Second subtotal
2 neonatal resection. Recurrence
death Diazoxide
12 F 395 - 4months® 2 vears - - ? Recurrence. Diazoxide
13 F 4.07 - 1day 8 weeks 43 Partial Normoglycaemic
Without recurrence
14 F 347 - 3 days® 5 months 31 Partial Normoglycaemic
Without recurrence
15 M 3.00 - 3 days 8 months 36 - Normoglycaemic

Without recurrence

*Gestational age in case 9: 35 weeks; in case 10: 36 weeks; ®severe mental retardation at the age of diagnosis; ®only transient symptoms at 3 days.

Severe symptoms after 3 months; multiple endocrine adenomatosis.

tive proportions of the four principal endocrine cell
types of the pancreatic islet parenchyma in a large num-
ber of cases with persistent neonatal hypoglycaemia
with hyperinsulinism and in numerous age-matched
control cases, using specific immunocytochemical
staining techniques and precise morphometric meth-
ods.

Materials and methods

Materials

Pancreatic specimens were obtained at surgical operations (partial or
subtotal pancreatectomy) from 15 infants (16 days to 2 years of age).
Some clinical and laboratory data relating to these patients are given
in Table1. All children were born to non-diabetic mothers. In
13 cases, gross examination did not reveal any particular lesion in the
resected pancreas (cases 1-12). In three other cases (also included in
Table 1), a focal, adenomatous-like lesion was seen (cases 13-15).

For control purposes, pancreatic glands were removed within 6 h
after death from 23 age-matched infants (seven males and 16 females),
born to non-diabetic mothers. The mean birth weight was 3.1kg
(2.3-3.7kg). Seven had died from cardiac malformation, 12 from in-
fectious diseases and four from various diseases not known to affect
the pancreas. The clinical stories of several of these cases have been
reported previously, but in only one case (number 6) was the pancreas
studied with immunocytochemical morphometry [22].

Techniques

Specimens from the body and the tail of the pancreatic gland were
fixed in Bouin’s solution and embedded in paraffin. Sections (5 um
thick) were processed by the peroxidase-antiperoxidase (PAP) tech-
nique [27). Guinea-pig anti-insulin (Dr. P. H. Wright, Indianapolis, In-
diana, USA), rabbit anti-glucagon (Dr. A.Like, Worcester, Massa-
chusetts, USA), rabbit anti-somatostatin (Dr. W. Gepts, Brussels), and
rabbit anti-bovine-pancreatic-polypeptide (PP) (Dr. R.E.Chance, In-
dianapolis, Indiana, USA) antisera were used at dilutions of 1/3,000,
1/4,000, 1/20,000 and 1/40,000, respectively, on four successive sec-
tions. Peroxidase was revealed by 3,3’diaminobenzidine, and the sec-
tions were counterstained with haematoxylin. The volume density of
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Fig.1. Volume density of A, B, D and PP cells in control @ and hypoglycaemic infants 0. (The figures in square symbols refer to case numbers in

Table 1).

insulin (B), glucagon (A), somatostatin (D), and PP cells, was deter-
mined as previously described [28].

The nuclear profiles of A, B, D and exocrine cells were measured
by planimetry with a semi-automatic image analyser (Videoplan,
Kontron Bildanalyse, Eching, FRG) and treated by the Wicksell
transformation, to obtain the actual size of the nuclei [29-31]. Nearly
800 profiles of B cell nuclei were measured in each case. Nuclei of
exocrine cells were also analysed, as a reference; the absence of dif-
ference between the two series excluded any effect of differences in
the duration of fixation and embedding procedures. In three cases
with marked hypertrophy of the B cell nuclei, the nuclei of the A and
D cells were also measured and compared with those from three age-
matched controls.

Statistical analysis

The results are expressed as mean= SD. Differences were assessed
with the Wilcoxon rank-sum test. The correlation between age and
volume density was evaluated by the test of Spearman [32].

Results

Volume density

The volume density of each endocrine cell type is given
in Figure 1. In normoglycaemic infants, the volume
densities of A, B, and D cells were clearly higher at birth
than after the first month of life. The decrease was rapid

and significant (p<0.01). The volume density of PP
cells seemed to make an exception; it remained stable,
at least in the body and tail of the gland. Independent of
these age-related variations, the volume density of each
of the four endocrine cell types was quite variable from
case to case.

In hypoglycaemic infants without a focal lesion
(cases 1-12), no consistent change in the volume density
of the B cells was observed when compared within age-
matched controls. The mean value, calculated for the
cases in the age group 1-36 months, was 4.03 +1.28%. It
was only slightly higher than that in the controls
(3.23 £0.85%); the differences did not reach statistical
significance. For the volume density of the A cells, no
differences were detected between the two groups. Al-
though the volume density of the D cells in the pancre-
atic islets of the hypoglycaemic infants was often lower
than that of the age-matched controls, this observation
was not absolutely constant. In the age-group 1-36
months, the mean value of D cells volume densities
(1.17 £0.81%) was significantly lower than in controls
(1.70£0.98%; p<0.01). The volume density of the PP
cells was clearly higher in five cases of persistent neona-
tal hypoglycaemia with hyperinsulinism; this increase
was observed over the whole slice and did not result
from the inclusion of a pancreatic-polypeptide-rich
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Table2. Volume density and relative percentage of the different cell
types in hypoglycaemic infants with adenomatous hyperplasia
(case 13) or adenoma (cases 14, 15)

Within the Outside the adenoma

adenoma

Volume density Volume density (%)

A Cells
Case 13 0.59 2.28 26.2
Case 14 4.96 2.20 316
Case 15 4.10 1.24 27.9
B Cells
Case 13 60.08 3.78 434
Case 14 68.18 2.79 40.1
Case 15 82.89 1.75 39.3
D Cells
Case 13 6.48 2.56 29.4
Case 14 1.13 1.94 279
Case 15 2.00 1.37 30.8
PP Cells
Case 13 2.05 0.08 0.9
Case 14 0.17 0.03 0.4
Case 15 11.00 0.09 2.0
Bto A
Case 13 - 1.66
Case 14 - 1.27
Case 15 - 141
BtoD
Case 13 - 1.48
Case 14 - 1.44
Case 15 - 1.28
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Fig.2. Ratios of volume densities of B to A and B to D cells in control
subjects @ and in hypoglycaemic infants 0. (Symbols as in Figure 1).
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area in the specimen. In all the other cases, the volume
density of the PP cells was within the upper part of the
normal range. Nevertheless, the mean for the age
group 1-36 months was significantly different from that
for the controls (0.32% versus 0.04%; p<0.01).

In the three infants with a focal lesion, one (case 13)
showed a focal adenomatous hyperplasia. This lesion
appeared to result from the confluence of numerous big
islets, whose individual structure was essentially intact.
The two others cases (14 and 15) exhibited histological
features reminiscent of those usually observed in islet-
cell tumours of adult subjects, i.e. a compact, ribbon-
like growth-pattern.

The volume density of each endocrine cell type in
infants with an adenoma or an adenomatous hyperpla-
sia is given in Table 2. In two cases (13 and 14) the sum
of the volume densities of the four endocrine cell types
did not reach 100% because of the persistence of exo-
crine cells within and around the lesion. In the area of
adenomatous hyperplasia, the volume density of B cells
was similar to that found in adenomas. Outside the
adenoma or adenomatous hyperplasia, the volume den-
sities of each endocrine cell type were within the range
of normal controls.

Ratios of B to A and of B to D cells

The ratios of B to A cells and of B to D cells were quite
variable (Fig.2). In normoglycaemic infants, both ratios
were significantly increased with age (p<0.01). In hy-
poglycaemic infants aged 1-36 months without a focal
Jesion, the ratios of B to A cells were not significantly
different from that in controls (4.80+2.91% versus
3.40+1.88%) but the ratios of B to D cells were signifi-
cantly higher than in normoglycaemic age-matched
controls (4.05+1.65% versus 2.29 £0.99%; p<0.005).
In hypoglycaemic infants both ratios tended to decrease
with age. In all hypoglycaemic infants with a focal le-
sion, the B to A and B to D ratios outside the lesion
were rather low, and similar to those observed in con-
trols (Table 2).

Relative percentages of islet cells

The relative percentages of the four endocrine cell types
are given in Figure 3. As previously reported [14], the
relative proportions of B and D cells vary in opposite
directions with increasing age, in normoglycaemic in-
fants: the relative percentage of the B cells increases,
whereas that of the D cells decreases. The volume den-
sity of B and D cells varied from case to case but the in-
dividual differences in the relative percentages of B and
D cells were less important than their volume density
and, as a consequence, in each age group, the coeffi-
cient of variation calculated for the relative proportion
of B cells and of D cells was systematically lower than
that for the volume density of the same cell types.

In hypoglycaemic infants without a focal lesion, sig-
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nificant differences were observed in the group aged
1-36 months, in which the relative proportion of B cells
was higher (63.0+10.6 versus 53.9+10.6%; p<0.025)
and that of D cells was lower (17.2+5.1 versus 26.6 %+
7.1%; p<0.001) than in age-matched controls.

In hypoglycaemic infants with a focal lesion, the rel-
ative proportion of B cells in the lesion was similar in
cases with adenoma and in that with adenomatous hy-
perplasia. It averaged 87%. The proportion of the dif-
ferent types of non-B cells was quite variable from case
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to case (Table 2). Outside the lesion, the proportion of
each cell type remained in the range of normal subjects.
The proportion of D cells was nearby 29% and equal to
control values in each of these cases.

Nuclear size of the islet cells

In normoglycaemic infants, hypertrophic nuclei were
never observed, neither in the B cells, nor in A, D or
exocrine cell types (Fig.4). A histogram of the distribu-
tion of the radius of the B cell nuclei is shown in Fig-
ure 5. The distribution was approximately Gaussian; a
comparison between individual values did not disclose
any differences.

In hypoglycaemic infants without a focal lesion, a
characteristic histopathological feature was observed,
i.e. the presence of giant B cell nuclei (Fig.4). As illus-
trated for case 9 (Fig.5), the histogram of the distribu-
tion of the radii of the B cell nuclei was markedly differ-
ent from that for the age-matched controls. The distri-
bution curve was not only shifted towards higher sizes,
but also disclosed the presence of different populations
of B cell nuclei, which is consistent with the giant nuclei
observed in some of the B cells (Fig.4). This particular
feature, although present in each case, became less ob-
vious when the data were pooled because of individual
variations. The mean nuclear radius of the B cells
(2.99 £0.38 um) was significantly larger than that in the
controls (2.68 £0.23 um; p<0.001). In contrast, the ra-
dius of the nucleus of the A cells and of that of the nu-
clei of the exocrine cells was not different in control and
hypoglycaemic subjects. Rarely, D cells with a large nu-
cleus were observed.

In hypoglycaemic infants with an adenoma or an
adenomatous hyperplasia, a distinction was made be-
tween the B cell nuclei within and those outside the
lesion (Fig.5). In the adenoma or the adenomatous

Fig.4 A and B. Pancreatic tissue
processed by the peroxidase-anti-
peroxidase technique with anti-in-
sulin serum and counterstained
with haematoxylin. A Control
subject. The B cell nuclei are small
and regular in size and shape.

B Hypoglycaemic infant. Numer-
ous B cell nuclei are distinctly
Jlarger and more prominent than
normally
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hyperplasia, the mean B cell radius was increased
(2.95£0.32 um). Consequently the cumulative frequen-
¢y curve was slightly shifted to the right. In contrast, the
radius of the B-cell nuclei measured in cells outside the
adenoma was equal to — or even slightly smaller than -
that of the B cells of the control cases. Thus, the cumu-
lative frequency curve was slightly shifted to the left.

The frequency of B cell nuclei with a radius higher
than twice the mean of that of normal B cell nuclei was
0.02% in controls, 0.11% outside the focal lesion, 0.74%
in the focal lesion and 1.46% in cases with persistent
neonatal hypoglycaemia with hyperinsulinism without
focal lesion.

Discussion

As explained in the Introduction, nesidioblastosis as
originally defined can no longer be considered a pa-
thognomonic feature of persistent neonatal hypogly-
caemia with hyperinsulinism. If excessive nesidioblas-
tosis had indeed been the factor responsible for
persistent neonatal hypoglycaemia with hyperinsulin-
ism, one would have expected a large excess of B cells
after 6 months of duration. The results of our study,
based on a large group of infants, as well as those of
others [13, 17], clearly demonstrate that the volume den-
sity of the B cells is at the very most only slightly higher
in the pancreas of cases with persistent neonatal hypo-
glycaemia with hyperinsulinism than in age-matched
controls. An increase in size of the B cell nuclei may
well have contributed to the apparent increase in vol-
ume density on the one hand, but on the other hand a

degranulation of hyperactive B cells may have inter-
fered with their detection and therefore erroneously de-
creased their volume density. As the pancreas is never
completely resected at operation, the total mass of B
cells cannot be calculated from the volume density.
However, there is no evidence that the pancreas is in-
creased in size in these hypoglycaemic infants. On the
other hand, several lines of evidence suggest that the
primary cause of the disease is not an increase in the B
cell mass; the absence of an increase in some cases with
proven hyperinsulinism indicates that this occasional
increase may be coincidental. Moreover, if hyperinsu-
linism were indeed due to B cell hyperplasia, it would
be difficult to explain why the condition is not always
cured after a 80% resection of the pancreas, as observed
in our series and in those of others [11, 33, 34]. In con-
trast, cases with adenoma or focal adenomatous hyper-
plasia can be restored to normoglycaemia by a partial
resection only. All these facts suggest that the initial ba-
sic lesions relate to the function of the B cells rather
than to their number. This concept is consistent with a
study in vitro of the insulin released by islets isolated
from a pancreas of a case with persistent neonatal hy-
poglycaemia with hyperinsulinism, in which an abnor-
mal sensitivity of B cells to glucose was demonstrated
[35].

Since somatostatin has been shown to inhibit insulin
secretion, a quantitative deficiency of D cells has also
been incriminated in the aetiology of persistent neona-
tal hypoglycaemia with hyperinsulinism. As also stated
in the Introduction, several recent studies of persistent
neonatal hypoglycaemia with hyperinsulinism [13,
19-22] have shown that the volume density of D cells
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was lower than in controls. The results of the present
study confirm that when strictly age-matched controls
are used, a decrease in volume density of D cells can, in-
deed, be established. However, a decrease in the volume
density of D cells is not uniformly present in all cases of
persistent neonatal hypoglycaemia with hyperinsulin-
ism. Moreover, the reduced volume density of D cells in
the cases with hypoglycaemia must be interpreted with
some caution; degranulation of the cells might impair
their detection and thus lead to an underestimation of
the actual number of D cells. The observation of weakly
stained D cells and the description by means of electron
microscopy of poorly granulated D cells [11; J. Rahier,
unpublished observations] are both in agreement with
this interpretation. Measurements of peripheral plasma
levels of somatostatin in infants with persistent neonatal
hypoglycaemia with hyperinsulinism might eventually
help to understand the role of this hormone in the dis-
ease, but it remains to be demonstrated that peripheral
levels are an adequate reflection of local concentrations
of this hormone with its rapid degradation and essen-
tially paracrine mode of function.

Contrary to the volume density of A cells which
does not change in cases with persistent neonatal hy-
poglycaemia with hyperinsulinism, that of pancreatic
polypeptide cells was increased. Although in healthy
subjects, hypoglycaemia has been reported to increase
the plasma levels of pancreatic polypeptide [36], it is im-
probable that repeated hypoglycaemia in these infants
is responsible for the observed hyperplasia of this cell
type, since it is not present in cases with focal lesions.
However, the biological significance of changes affect-
ing cells that are so rare, remains unclear.

The occurrence of polyploid B cells in adult human
endocrine pancreas has previously been well document-
ed [37] and the presence of giant B cell nuclei in the pan-
creas of cases with persistent neonatal hypoglycaemia
with hyperinsulinism have been reported [3, 13, 18,
38-40]. The present study is, however, the first quantita-
tive analysis of these phenomena in the islet parenchy-
ma in cases with persistent neonatal hypoglycaemia
with hyperinsulinism and in the age-matched normo-
glycaemic infants. The increase in nuclear volume of
the B cells was observed in all cases of persistent neona-
tal hypoglycaemia with hyperinsulinism without a focal
lesion. This observation could thus be of diagnostic im-
portance. When observed in the pancreas in a case of
persistent neonatal hypoglycaemia with hyperinsulin-
ism, it indicates that the lesion involves the whole pan-
creas, and that an adenoma or an adenomatous hyper-
plasia can be ruled out as a cause of the disease. When
the nuclei are of normal size, a focal lesion should be
suspected and looked for by all possible means.

The exact significance of the hypertrophy of the B
cell nuclei remains somewhat unclear. The size of a nu-
cleus has classically been thought to reflect the cell
function [41]. This method of evaluating functional ac-
tivity has been commonly used for endocrine cells in
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many experimental conditions, both in vitro [42] and in
vivo [43]. Polyploidy is an alternative cause of nuclear
enlargement and is often also correlated with an in-
crease in a secretory function [44]. Tt is thus plausible
that both the increase in B cell nuclear size and the poly-
ploidy of some of the B cells reflect a hyperfunction.
Whether these nuclear features represent a primary ab-
normality of the B cells as the cause of persistent neona-
tal hypoglycaemia with hyperinsulinism, or whether
they are secondary to a loss — or an impairment - of the
mechanisms controlling B cell function, remains to be
established. In this respect a derangement of the struc-
tural organization of the islets with a failure to develop
normal intercellular communications between islet cells
is an attractive hypothesis, requiring further investiga-
tions.

It has been proposed that the spectrum of morpho-
logical alterations reported in persistent neonatal hypo-
glycaemia with hyperinsulinism, i.e. nesidioblastosis,
islet hypertrophy and islet cell hyperplasia, focal hyper-
plastic adenomatosis, and adenoma, could be the ex-
pression of one and the same basic defect [26]. This
might be true from a theoretical point of view. But, the
fact that in persistent neonatal hypoglycaemia with hy-
perinsulinism cases with the focal adenoma-like lesion
the B-cell nuclei outside the adenoma have an ultra-
structure indicative of reduced functional activity [45],
the existence of a normal volume density of B and D
cells and a rather low ratio of B to D cells outside the
adenoma, as well as the clinical observation that such
cases are cured by a partial pancreatectomy, all consti-
tute arguments for clinicians and pathologists to dis-
criminate between these two different aspects of persis-
tent neonatal hypoglycaemia with hyperinsulinism.
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