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Abstract Persistent hyperinsulinaemic hypoglycaemia of
infancy (PHHI) is an autosomal recessive disorder char-
acterized by irregular insulin secretion leading to hypo-
glycaemia. Recently, mutations in the sulphonylurea
receptor (SUR) have been described in association with
PHHI. We studied clinical symptoms, therapy, long-term
outcome and mutational analysis in 14 patients with
PHHI. In 8 patients subtotal pancreatectomy was per-
formed whereas 6 responded to conservative treatment
with diazoxide. Psychomotor retardation was found in 6
patients, most of them after a delayed diagnosis. A G-to-
A point mutation in one allele of the SUR gene was de-
tected by loss of aMspI restriction site in only one patient.

Conclusion Early diagnosis and therapy in PHHI is
essential to prevent brain damage. In one patient mu-
tational analysis suggested compound heterozygosity
for a known and an as yet unidenti®ed mutation in the
SUR gene.

Key words Persistent hyperinsulinaemic hypoglycaemia
of infancy á Nesidioblastosis á Sulphonylurea receptor á
Mutational analysis á Pancreatectomy

Abbreviations PHHI persistent hyperinsulinaemic
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Introduction

Persistent hyperinsulinaemic hypoglycaemia of infancy
(PHHI), also known as nesidioblastosis or familial
hyperinsulinism, is the most common cause of recurrent

severe hypoglycaemia in infancy [2]. It is characterized
by an irregular insulin secretion leading to inappro-
priately raised plasma insulin concentration compared
to blood glucose levels. Most patients show typical
symptoms of hypoglycaemia during the ®rst days of life
but there may be also a milder or delayed onset. Once
diagnosis is con®rmed the priority of treatment is to
maintain normal blood glucose levels to prevent brain
damage. Initial high dose glucose infusions (>15 mg/
kg/min) may be insu�cient to maintain euglycaemia,
and glucagon or somatostatin infusions are necessary.
The mainstay of medical treatment is oral diazoxide. If
diazoxide fails in preventing hypoglycaemia, near total
pancreatectomy is recommended [5, 6].

Recently, loss of function mutations in the sulpho-
nylurea receptor (SUR) gene were found to be associ-
ated with PHHI [7]. The SUR seems to be closely
associated or even part of the ATP-dependent potassium
channel (KATP channel) of pancreatic b-cells, which
regulates insulin secretion [1]. The ®rst two mutations
were found in the nucleotide binding fold-2 (NBF-2) of
the SUR in ten families mainly of eastern Saudi Arabian
origin [8]. Homozygous loss of a restriction enzyme
recognition site cosegregated with the phenotype and
proved an autosomal recessive inheritance of PHHI.

We report our clinical experience with 14 PHHI pa-
tients seen over the last 20 years. In ten patients muta-
tional analysis was performed to evaluate the frequency
of the two yet known mutations in the NBF-2 of the
SUR gene.

Patients and methods

A total of 14 patients (7M, 7F) with PHHI were included in this
study. Diagnosis of PHHI was con®rmed in each patient by low
blood ketone bodies and low free fatty acids during hypoglycaemia
and a repeated pathologically increased insulin/glucose ratio of
>0.5. In patients who did not respond to treatment with diazoxide
and glucagon, subtotal pancreatectomy was performed. In all of
these cases the typical histological signs of di�use nesidioblastosis
were found.
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Ten families were investigated for the two as yet identi®ed
mutations in the NBF-2 of the SUR gene by restriction digest of
PCR-ampli®ed gene fragments with endonucleases MspI and NciI
as already described [7]. Sequence analysis of PCR products was
performed using an automated DNA sequencing apparatus (Ap-
plied Biosystems).

Results

Clinical, biochemical and mutational ®ndings of all 14
patients are summarized in Table 1.

Seven patients showed typical recurrent hypo-
glycaemia during the ®rst days of life. Seven patients
became symptomatic during their 1st year of life and
were diagnosed with delay of up to 4 years after the
initial manifestation. Eight patients required subtotal
pancreatectomy, two of them (patients 13, 14) needed
further revision because of persistent severe episodes of
hypoglycaemia probably due to an initially less extended
resection. After pancreatectomy most patients showed,
at least for a period of some months, less severe and less
frequent episodes of hypoglycaemia still requiring fur-
ther medication. At the age of 16 years two patients
developed an insulin dependent diabetes mellitus. None
of the patients undergoing near total pancreatectomy
developed any signs of malabsorption.

Six patients responded well to treatment with diaz-
oxide (up to 10 mg/kg/day) not requiring subtotal pan-
createctomy. In most patients treated with diazoxide
moderate hypertrichosis was noted but no further side-
a�ects were observed.

Psychomotor retardation was present in six patients,
in four of them after a delayed diagnosis.

In nine patients restriction digest of PCR-ampli®ed
DNA was normal. One female patient (patient 10)
showed heterozygous loss of a MspI restriction site.
Heterozygosity for a G-to-A splice site mutation was
subsequently con®rmed by sequence analysis. The pa-
tient's asymptomatic mother was also heterozygous for
this mutation. These ®ndings suggest the presence of an
additional, yet unidenti®ed, mutation on the second
SUR allele of this patient.

Discussion

In this study we evaluated clinical ®ndings and thera-
peutic strategies in 14 patients with PHHI. Most im-
portant for clinical outcome of these patients was an
early diagnosis. More than one third of our patients
were diagnosed with delay. In these patients psycho-
motor retardation was already present when the diag-
nosis of PHHI was made. Neurological de®cits are
probably caused by untreated repeated and prolonged
episodes of hypoglycaemia. Except one, all patients di-
agnosed early during the ®rst weeks of life showed
normal psychomotor development regardless of whether
they responded to medical treatment or required sur-
gery. Even though PHHI is a rare disease, it should

always be ruled out in infants presenting with neuro-
logical symptoms consistent with hypoglycaemia. In
some cases repeated determinations of the insulin/glu-
cose ratio are necessary to prove hyperinsulinism.

In our experience, normoglycaemia can be easily
achieved after near total pancreatectomy. This may
spare long-term hospitalisation in early childhood as
well as repeated injections and frequent blood glucose
measurements. On the other hand there is a yet un-
known risk of diabetes mellitus which seems to present
many years after surgery and usually not before puberty.

Nearly half of our patients responded well to diaz-
oxide not requiring pancreatectomy. These patients
might represent a milder type of hyperinsulinism. Up to
now, there is only limited experience with the long-act-
ing somatostatin analogue octreotide [3, 10] or nifedi-
pine [4] as alternative medications. At least octreotide
seems to be indicated only in patients with less severe
hyperinsulinism, good social setting and excellent com-
pliance [8]. Nevertheless, if medical treatment fails in
maintaining euglycaemia within a reasonable time, we
recommend near total pancreatectomy.

Mutational analysis revealed for the ®rst time com-
pound heterozygosity for a known and an as yet un-
identi®ed mutation in the SUR gene. Since only one
patient with a mutation in the NBF-2 of the SUR gene
could be identi®ed in this group of patients, studies of a
larger number of patients are necessary to determine the
frequency of these mutations in PHHI. Moreover, our
results and recent ®ndings [9] provide evidence that
further mutations exist in other regions of the SUR gene
associated with PHHI. Therefore, more data are neces-
sary before an appropriate correlation between pheno-
type and genotype can be made. However, in some cases
mutational analysis already provides a new diagnostic
tool for prenatal and early neonatal diagnosis of this
disorder.
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