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Abstract: Congenital hyperinsulinism (CHI) occurs most commonly in infants but may also be discovered in older
children. It presents with recurrent episodes of hypoglycemia due to high endogenous insulin levels. There is a focal
and diffuse form of the disease depending on the extent of pancreatic involvement. Hyperplasia of the islet cells
results in hyperfunctioning pancreatic 3 cells and the ensuing clinical disease. Medical treatment fails in several
patients and surgery has been shown to be very effective in improving prognosis and even resolution of disease in
the focal form. Several genetic mutations have been uncovered and these may also be predictive of prognosis. Ana-
tomical imaging alone including ultrasound, CT and MRI are rarely able to detect any abnormality in the pancreas.
PET plays a major role in the distinction between the focal and diffuse forms of the disease. It also guides surgical
intervention by providing information on the location of the focal hyperfunctioning islet cells. Imaging children and
infants in this disease is quite challenging. We propose to show the benefit of using two PET tracers in this disease.
18F-FDOPA has been used quite successfully in the evaluation of CHI. %Ga-DOTATATE has also been described to be
helpful although inferior to *¥F-FDOPA. We illustrate imaging of CHI patients in 3 different scans and briefly review
the literature. 8F-FDOPA as described in the literature is superior but when unavailable %8Ga-DOTATATE may be a
reasonable alternative.

Keywords: CHI, congenital hyperinsulinism, DOTATATE, FDOPA, hyperinsulinism, nesidioblastosis, PHI, PHH, persis-
tent hyperinsulinemic hypoglycemia

Introduction sequelae. A variety of nutritional and medica-
tion-based interventions are used to maintain
euglycemia and avoid any neurological sequel-
ae. When the latter fails surgical interventions

are performed. Long term development in the

Congenital hyperinsulinism (CHI) previously
known as nesidioblastosis or persistent hyper-
insulinemic hypoglycemia of infancy occurs

most commonly in infants but may also be dis-
covered in older children. It is a congenital dis-
order due to over-secretion of insulin and does
not include acquired conditions of persistent
hypoglycemia [1]. Hyperplasia of the islet cells
results in hyperfunctioning pancreatic B cells
and the ensuing clinical disease. The goal is
early diagnosis and treatment in order to pre-
vent any neurological sequelae (i.e develop-
mental delay, seizures) and try to prevent the
development of postsurgical diabetes. In some
cases, CHI can be transient and will self-re-
solve by 3-4 months of age. However, in the
persistent form of CHI optimal control of blood
sugar levels is important in order to avoid any

diffuse form of CHI of glucose intolerance and
insulin-dependent diabetes mellitus has been
described to occur by 14 years of age in 100%
and 91% respectively of 58 patients who un-
derwent subtotal pancreatectomy [2]. Arya et
al also reported similar findings [3]. Hence
medical treatment fails in several patients and
surgery has been shown to be very effective in
improving prognosis and even resolution of dis-
ease more so in the focal form. Prognosis is
therefore excellent in the focal form of CHI
when successful surgical resection of the focal
lesion is performed. Several genetic mutations
have been uncovered and these may also be
predictive of prognosis [4-7]. PET plays a major


http://www.ajnmmi.us

FDOPA and DOTATATE PET in CHI

Figure 1. Preoperative ¥F-FDOPA PET scan in a 2-month-old baby girl with
CHI demonstrating the diffuse form of CHI. A. Axial PET. B. Axial fused PET-
CT. C. Coronal fused PET-CT. D. Coronal PET showing moderate uptake in
the head of the pancreas (thick white arrow) not meeting criteria for focal
disease [16]. E. Axial fused PET-CT. F. Axial PET. G. Coronal fused PET-CT.
H. Coronal PET showing mild uptake in the tail of the pancreas (thin white
arrow).

role in the distinction between the focal and
diffuse forms of the disease. It can also guide
surgical intervention by providing information
on the location of the focal hyper-functioning
islet cells. This can be further ascertained by
complementing genetic testing with molecular
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imaging. Usually anatomical
imaging with ultrasound, com-
puted tomography or magnet-
ic resonance imaging has a
low yield in identifying the
focal lesion [1, 8-15]. Imaging
children and infants in this
disease is quite challenging.
We propose to discuss two
cases of focal CHI and review
the literature regarding molec-
ular imaging in CHI.

Case presentation

Our first case involved a
2-month-old baby girl found
to have homozygous KCNJ11
mutation whom underwent
near total pancreatectomy af-
ter having an *®F-FDOPA PET
scan which showed uptake in
the head of the pancreas
slightly more prominent than
the remainder of the pancre-
as. 10 months post op her
condition improved but she
remained on gastrostomy
tube feeds, octreotide injec-
tions 22 mcg/kg/day divided
every 6 hours and pancreatic
enzyme administration 5000
units three times a day. This
patient’s sister also has a his-
tory of CHI and ended up
developing diabetes mellitus.
Post operatively blood sugars
were monitored at home and
rarely reported to be under
60 mg/dl. Preoperatively the
baby was on 35 mcg/kg/day
divided every 6 hours of oct-
reotide injections and diazox-
ide 22.5 mg every 8 hours
and hydrochlorothiazide 7 mg
every 12 hours. She suffered
preoperatively from multiple
episodes of hypoglycemia re-
quiring dextrose infusion and
dextrose intravenous pushes as well as gluca-
gon injections. The baby’s 18F-FDOPA scan pre-
operatively showed focal uptake in the head of
the pancreas Figure 1. The scan also showed
some uptake in the remainder of the pancre-
as. - Relative focality noted within the head of
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Figure 2. Post-operative ®¥Ga DOTATATE scan in the 2-month-old baby girl
from Figure 1 shows some residual uptake in the head of the pancreas (thin
white arrow). A. Axial PET. B. Axial fused PET-CT. C. Coronal PET. D. Coronal
fused PET-CT.

the pancreas SUVmax 3.4 compared to the
tail SUVmax 2.8. SUVmax ratio (head of pan-
creas/tail) was 1.21. - This was below the
SUVmax ratio threshold of 1.44 identified by
Christiansen et al suggesting a diffuse form
even-though visual/qualitative evaluation may
show some focality as noted in Figure 1 [16].
In the immediate postoperative period a %%Ga-
DOTATATE scan was performed due to persis-
tent hypoglycemic episodes that were difficult
to control and showed sizeable residual pan-
creatic tissue in the head of the pancreas
Figure 2.

Our second case was a 6 months old baby boy
found to have heterozygous mutation in ABCC8
gene resulting in focal hyperinsulinism con-
firmed by histopathology. He was also found to
be heterozygous for HNF1A gene. He under-
went an *¥F-FDOPA PET scan that showed
unequivocal focal uptake in the head of the
pancreas. - Focal uptake within the head of the
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pancreas with an SUVmax of
12 compared to the tail
SUVmax 2.7. SUVmax ratio of
4.44 - Figure 3. He had a par-
tial pancreatectomy, head un-
cinate, body, and roux-en-y
pancreatico-jejunostomy. This
baby was preoperatively on
35 mcg/kg/day divided every
6 hours of octreotide injec-
tions and frequent glucose
administrations as needed for
low blood sugars and gradual-
ly switched to octreotide 15
mcg/kg/day divided every 6
hours and with no hypoglyce-
mic episodes prior to dis-
charge.

Discussion

The management of CHI pa-
tients is quite complex. Nu-
clear medicine imaging with
PET plays a pivotal role and
guides clinical decision mak-
ing. Several genetic mutations
have been uncovered and
may be predictive of progno-
sis [4-7]. Autosomal dominant
syndromes have been report-
ed to have better outcomes
and better response to treat-
ment compared to autosomal recessive sydro-
mes [17]. Sulfonylurea gene mutations (SUR1)
when coupled with surgical focal adenoma-
tous resection have been associated with bet-
ter long-term outcomes [18]. Glaser et al re-
ported better outcomes for children with only
paternal mutations who entered clinical re-
mission within 16 months, compared to 48
months for those with 2 SUR1 mutations [19].
Keeping in mind that focal forms are associat-
ed with better prognosis than diffuse forms,
Belleanne-Chantelot et al noted that all focal
disease patients in their cohort of 109 diazox-
ide unresponsive patients had heterozygous
mutations, whereas 47% of patients known or
suspected to have diffuse disease had homo-
zygous or compound heterozygous mutations
[20]. Flanagan et al later on confirmed these
findings by using next generation sequencing
[24]. Owing to the underlying disease severity
and genetic heterogeneity certain mutations
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Figure 3. Preoperative 8F-FDOPA PET scan in a 6-month-old baby boy dem-
onstrating the focal form of CHI. A. Axial PET. B. Axial fused PET-CT. C. Coro-
nal PET. D. Coronal fused PET-CT showing intense uptake in the head of the
pancreas (thick white arrow). E. Axial PET. F. Axial fused PET-CT. G. Coronal
PET. H. Coronal fused PET-CT showing only very mild uptake in the tail of the
pancreas (thin white arrow).

have been associated with remission or on the
contrary with the late development of com-
plications such as diabetes [22]. PET plays a
major role in the distinction between the focal
and diffuse forms of the disease and hence
impacts prognosis. It can guide surgical inter-
vention by providing information on the loca-
tion of the focal hyper-functioning islet cells.
This can be further ascertained by comple-
menting genetic testing with molecular imag-
ing. However, considering there is still a large
number of patients with no associated genetic
mutation; PET is of even greater value in these
patients [4-7, 17-22].
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18F-FDOPA PET has been sh-
own to be the reference imag-
ing tool in CHI and is used
nowadays quite successfully
jointly with genetic testing in
defining the focal form and
the lesion that needs to be
resected. Ultimately affecting
the outcome of these pati-
ents [23]. FDOPA PET plays a
major role in guided treat-
ment and prognosis in pati-
ents with and without detect-
able genetic mutations and is
therefore an essential piece
of management [4-7, 17-22].
18F-FDOPA (6-[14]-L-fluoro-L-3,
4-dihydroxyphenylalanine) is
taken up into the cells via the
neutral amino acid transport-
er (LAT1/4F2hc). *8F-FDOPA
PET has widespread utility in
the diagnosis of different neu-
roendocrine tumors including
in the evaluation of parag-
angliomas, pheochromocyto-
mas, carcinoid tumors as well
as medullary thyroid cancer.
18F-FDOPA PET can also dis-
tinguish between focal vs dif-
fuse CHI [24]. Although insuli-
noma, a digestive NET gener-
ally of a benign nature also
induces hyperinsulinism, in
congenital CHI a clustered
beta-cell hyperplasia is found
on histopathology, rather than
a definite tumor. In infants
with CHI, life-threatening hy-
poglycemia, seizures and neurological sequel-
ae may occur if the hypoglycemic episodes are
not controlled and interrupted. Imaging can
localize focal hyperplasia of beta cells in the
pancreas and therefore guide curative selec-
tive surgical resection, in contrast to the diffu-
se form, which requires subtotal pancreatecto-
my when resistant to medical treatment. In an
initial study by Ribeiro et al on 15 CHI children
(aged 1-14 months) *¥F-FDOPA PET showed an
abnormal focal pancreatic uptake in 5 patients
who then underwent a limited pancreatic re-
section that was followed by complete clinical
remission [13]. Diffuse pancreatic uptake was
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observed in ten patients, four of whom under-
went surgical resection that confirmed *8F-
FDOPA PET results where the abnormal beta
cells were gathered in small clusters, scat-
tered in the whole pancreas. In contrast, MRI
performed in six babies in this study detected
no abnormality. These very promising results
were confirmed in larger series by the same
team and by many others [9, 11, 12, 25-27]. In
a recent German study [27], 8F-FDOPA PET/CT
with multiphase contrast protocols was per-
formed in 135 CHI patients. All the foci were
excised on the basis of *®F-FDOPA PET/CT
images and 87-91% of the operated patients
could be completely healed. Two meta-analy-
ses have also been recently published. An
Italian team concluded that the pooled sensi-
tivity and specificity of *¥F-FDOPA PET scans in
differentiating between focal and diffuse CHI
were 89 and 98%, respectively [8]. In another
study an American team aimed to compare
the diagnostic performance of 8F-FDOPA PET,
pancreatic venous sampling (PVS) and selec-
tive pancreatic arterial calcium stimulation
with hepatic venous sampling (ASVS) in diag-
nosing and localizing focal CHI [15]. *¥F-FDOPA
PET was superior in distinguishing focal from
diffuse CHI [summary diagnostic odds ratio
(SDOR) = 73.2], compared to PVS (SDOR =
23.5) and ASVS (SDOR = 4.3). Furthermore, it
localized focal CHI in the pancreas more accu-
rately than PVS and ASVS (pooled accuracy 82
vs 76 and 64%, respectively) [8, 15].

In the adult population *8F-FDOPA is slight-
ly less beneficial because of the increased
physiologic baseline pancreatic uptake. Low
intralesional AADC activity and the resultant
lack of accumulation of the decarboxylated
tracer has been postulated as a potential
cause [28, 29]. Carbidopa premedication as a
means to improve scan sensitivity for de-
tecting insulinomas has been explored by
Imperiale and his group who looked at 16
hyperinsulinaemic  hypoglycaemia patients
[30]. Other authors have also looked at the
value of FDOPA PET in insulinomas as well
[31-33]. In summary, 8F-FDOPA is of major
utility to select those infants for surgery and
shortens the intervention by guiding the surgi-
cal exploration of the pancreas. Premedication
has been attempted in order to improve the
diagnostic accuracy in adults but there is no
patient safety or efficacy data in children.
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On the other hand somatostatin receptors
(SSTRs) are G-protein coupled membrane re-
ceptors that were first described in rat pitu-
itary tumor cells by Schonbrunn and Tashjian
in 1978 [34]. Five different human subtypes
have been identified, named SSTR1 to 5 [35].
SSTR analogues (SSA) have been used to
image a variety of neuroendocrine tumors.
Previously SPECT imaging agents radiolabeled
with SSA had low sensitivity and were of limit-
ed use. However, nowadays PET agents such
as ®8Ga radiolabeled SSA: ®8Ga-DOTA-Phel-
Tyr3-Octreotide (TOC), ®8Ga-DOTA-Nal3-Octreo-
tide (NOC), and ©8Ga-DOTA-Tyr3-Octreotate
(TATE) are being used with great success to
image neuroendocrine tumors [36]. They have
demonstrated high sensitivity and high speci-
ficity [37]. Within the realm of hypoglycemic
syndromes in adults %8Ga-DOTATATE PET has
been used effectively especially in the evalua-
tion of metastatic insulinomas [38]. Prasad et
al evaluated 13 patients with ¢8Ga-DOTATATE/
DOTANOC for clinical hyperinsulinemia. Two
patients had malignant insulinoma, eight had
non-metastasized insulinoma, and three had
CHI [39]. Additionally, Christiansen et al show-
ed that °8Ga-DOTATATE was less sensitive
compared to 8F-FDOPA PET in the evaluation
of CHI patients, however they did demonstrate
high specificity in defining focal lesions [16].
This would suggest that ®8Ga-DOTATATE can
also be used to define the focal form of CHI
although data is scarcer, and it would not be
recommended if ¥F-FDOPA is available [29].
Considering °8Ga-DOTATATE has been approv-
ed by the FDA and EMEA to be used for the
evaluation and staging of neuroendocrine
tumors and is currently produced and may be
purchased commercially it becomes an attrac-
tive alternative tool for centers that do not
have access to ‘®F-FDOPA PET scans. In our
case *8Ga-DOTATATE was also used to evaluate
the extent of residual pancreatic tissue status
post subtotal pancreatectomy. One may also
note that delayed imaging may offer better
characterization of the disease although fur-
ther studies in a larger group of patients is
required to ascertain the benefit of °8Ga-
DOTATATE evaluation and of the delayed imag-
ing paradigm.

Conclusions

18F-FDOPA and ®8Ga-DOTATATE are critical in
the evaluation of CHI patients. *¥F-FDOPA as
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described in the literature is superior and of
great value but only when available otherwise
68Ga DOTATATE may be a reasonable alterna-
tive as it is more accessible. Regardless of the
agent used imaging and interpretation can be
challenging.
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