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Abstract

Background: In congenital hyperinsulinism (CHI), preoperative prediction of the histological subtype (focal, diffuse, or atypical) relies
on genetics and 6-[*®F]fluoro-1-3,4-dihydroxyphenylalanine (**f-DOPA) PET-CT. The scan also guides the localization of a potential
focal lesion along with perioperative frozen sections. Intraoperative decision-making is still challenging. This study aimed to de-
scribe the characteristics and potential clinical impact of intraoperative ultrasound imaging (IOUS) during CHI surgery.

Methods: This was a prospective, observational study undertaken at an expert centre over a 2-year interval. IOUS was performed
blinded to preoperative diagnostic test results (genetics and *®F-DOPA PET-CT), followed by unblinding and continued I0US during
pancreatic resection. Characteristics and clinical impact were assessed using predefined criteria.

Results: Eighteen consecutive, surgically treated patients with CHI, with a median age of 5.5 months, were included (focal 12, diffuse
3, atypical 3). Focal lesions presented as predominantly hypoechoic, oval lesions with demarcated or blurred margins. Patients with
diffuse and atypical disease had varying echogenicity featuring stranding and non-shadowing hyperechoic foci in three of six,
whereas these characteristics were absent from those with focal lesions. The blinded IOUS-based subclassification was correct in 17
of 18 patients; one diffuse lesion was misclassified as focal. IOUS had an impact on the surgical approach in most patients with focal
lesions (9 of 12), and in those with diffuse (2 of 3) and atypical (2 of 3) disease when the resection site was close to the bile or pancre-
atic duct.

Conclusion: Uniform I0US characteristics made all focal lesions identifiable. IOUS had a clinical impact in 13 of 18 patients by being
a useful real-time supplementary modality in terms of localizing focal lesions, reducing the need for frozen sections, and preserving
healthy tissue and delicate structures.

Introduction CHI is classified into three histological groups: diffuse, focal, and
atypical®®. First-line treatment of CHI consists of glucose infu-
sion, nutritional support, diazoxide, and/or octreotide. If this regi-
men fails to establish normoglycaemia, pancreatic resection can

Congenital hyperinsulinism (CHI) is a heterogeneous disease that
causes hypersecretion of insulin by pancreatic B-cells resulting in
hypoketotic hypoglycaemia. Despite a low incidence of between 1
in 40 000 and 1 in 50 000 infants, it is the most frequent cause of be necessary in early life’. In medically non-responsive diffuse or

persistent hypoglycaemia in children. If not diagnosed promptly atypical CHI, a subtotal (50-95 per cent) pancreatic resection may
and treated sufficiently, CHI may cause irreversible neurological lead to normoglycaemia, or facilitate response to medical treat-
damage™. ment™*’. In the event of near-total pancreatectomy, a high risk
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of diabetes is seen at long-term follow-up despite initial normo-
glycaemia® On the other hand, patients with focal CHI are cured
by radical resection of the lesion”, underscoring the crucial need
for a subtype diagnosis as well as correct localization of focal
lesions.

Preoperative differentiation between the two major types, fo-
cal and diffuse, is governed by genetic testing. Non-dominant, pa-
ternal mutations in the adenosine 5'-triphosphate-sensitive
potassium (Katp) channel genes ABCC8 and KCNJ11 are indicative
of focal CHI. Any other genetic findings (including null results)
predict diffuse or atypical CHI’. If the result is unclear or in fa-
vour of focal CHI, preoperative 6-[*®F]fluoro-1-3,4-dihydroxyphe-
nylalanine (**F-DOPA) PET-CT imaging is performed. ®F-DOPA
PET-CT has excellent diagnostic performance, with a sensitivity
of 85-100 per cent and specificity of 96-100 per cent in the predic-
tion of focal CHI, but with a lower topographical localization ac-
curacy of 63-100 per cent’®*?. During surgery, frozen sections
are used to confirm the subtype, with a sensitivity and specificity
of 94 and 91 per cent respectively in diffuse CHI, and 87 and 100
per cent in focal CHI*.

Intraoperative ultrasound imaging (IOUS) has been used rou-
tinely during upper gastrointestinal cancer surgery at this centre
since 1994. Since 2010, IOUS has been used routinely during CHI
surgery, although never assessed in a systematic, prospective
and blinded analysis. In a retrospective evaluation of surgically
treated patients with focal CHI from 2010 to 2017, IOUS proved
valuable for precisely localizing focal lesions during surgery, con-
tributing to a tissue-sparing approach'®. Further literature on
I0US findings in children with CHI is limited"*'°. In a blinded,
prospective setting, this study sought to describe the IOUS char-
acteristics of CHI tissue, surrounding pancreatic parenchyma
and peripancreatic lymph nodes, and to evaluate the potential
surgical impact of IOUS.

Methods

Children diagnosed with CHI, referred to the International
Hyperinsulinism Centre, Odense University Hospital (OUH),
Denmark, were included. Patients were enrolled between 1
January 2017 and 1 September 2019. Patients who did not have
pancreatic surgery were excluded. IOUS during CHI surgery is
standard of care at this institution and the present study was
considered a qualitative assurance project. Hence, it did not re-
quire ethical approval or informed consent according to the
Regional Committees on Health Research Ethics for Southern
Denmark. The study was approved by the Danish Health
Authority (3-3013-2382/1) and the Danish Data Protection Agency
(17/40103).

Setting

The International Hyperinsulinism Centre, OUH, Denmark, is a
multidisciplinary, national and international referral centre in-
volving the departments of paediatrics, clinical genetics, nuclear
medicine, surgery, paediatric intensive care, and pathology.
Operations were carried out at Odense Pancreas Centre, Hepato-
Pancreato-Biliary Section, and Section of Paediatric Surgery,
Department of Surgery at OUH.

Surgery and intraoperative ultrasound imaging

Pancreatic surgery was performed by an upper gastrointestinal
and hepatopancreatobiliary surgeon (surgeon A) and a paediatric
surgeon (surgeon B). Surgeon A, who performed the I0US, was

blinded to all preoperative investigations and clinical data; sur-
geon B was not blinded.

All operations were undertaken as open procedures using a
supraumbilical transverse incision. After standard exposure, the
pancreas was inspected and palpated by surgeon B to detect any
potential focal lesion(s). Subsequently, surgeon A performed
IOUS by using the stomach as an acoustic window before apply-
ing the probe directly to the anterior surface of the pancreas. The
gland was scanned from the tail towards the head, using trans-
verse and longitudinal scanning angles. A complete map of IOUS
characteristics was recorded using standardized protocols (Tables
S1andS2).

Surgeon A stated what subtype (focal or non-focal) the find-
ings indicated as well as the location of any lesion, after which
blinding was abolished. If genetics, **F-DOPA PET-CT, and I0US
predicted non-focal CHI, frozen-section analysis was done before
resection to verify the subtype. If all three procedures implied fo-
cal CHI, frozen sections were obtained only from the resection
specimen after enucleation to confirm the diagnosis and, when
necessary, completion of resection. Lymph nodes were excised if
they were surgically available without increasing patient risk, or
if there was doubt whether it was a lymph node or tissue relevant
to the CHI pathogenesis (heterotopic CHI tissue).

Unblinded IOUS was used continuously during surgery to
avoid damage to relevant structures. In focal CHI, it was also
used to identify the margins of the lesion to obtain complete re-
section while preserving healthy parenchyma. Complete ultraso-
nographic enucleation of the focal lesion was denoted ‘loss of
lesion’. Before closure, integrity of the common bile duct (CBD)
and main pancreatic duct (MPD) was verified by IOUS.
Complications related to the IOUS procedure were recorded at
the time. As IOUS was integrated in several steps throughout the
surgical procedure, the specific time needed for IOUS was not
monitored.

The result of frozen-section analysis was used to determine
whether surgery was considered radical, if further resection was
needed, or a postoperative observation period was necessary be-
fore a final decision could be attained. Final postoperative histol-
ogy was considered the diagnostic standard. The pathological
diagnosis of atypical CHI was defined as non-diffuse and non-
focal disease.

Immediately after surgery, surgeon B evaluated the potential
impact of IOUS by filling out a questionnaire (Table S3). IOUS was
considered to have a positive impact when the lesion was neither
macroscopically visible nor palpable but only identifiable on
blinded I0OUS (criterion 1), or if IOUS gave additional information
that changed the surgical approach (such as parenchyma-
sparing excision, avoidance of pancreatointestinal anastomosis
or less need for frozen sections) compared with preoperative in-
formation (criterion 2). IOUS was not used in patients undergoing
a second pancreatic operation.

An abdominal drain was placed in all patients to detect, moni-
tor, and treat potential pancreatic fistulas. The amount of fluid
and the amylase concentration determined when to remove the
drain. Postoperative pancreatic fistulas were classified according
to the updated International Study Group of Pancreatic Fistula
definition®’.

Equipment

PET-CT images were acquired using a GE Discovery™™ PET-CT
scanner (GE Medical System, Waukesha, Wisconsin, USA) and
analysed on a Dexus AW server. IOUS images were generated by
a 22-mm high-frequency 7.0-13.0-MHz probe, hockey-stick type
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(EUP-054J; Hitachi Medical Systems Europe, Steinhausen,
Switzerland) connected to a high-end ultrasound platform (EUB-
7500A; Hitachi Medical Systems Europe,
Switzerland). '®F-DOPA PET-CT imaging, genetic analyses,
frozen-section analyses, and histological examinations were con-
ducted as described previously> 18,

Steinhausen,

Statistical analysis

IOUS characteristics were analysed using the data collected as in-
dicated in Tables S1 and S2, and the potential impact of IOUS with
information recorded as outlined in Table S3. Descriptive statistics
were used.

Results

During the study period, 33 consecutive patients with CHI were
referred, of whom 15 were excluded from surgery following suc-
cessful medical treatment. The remaining 18 patients (9 girls, 9
boys) underwent primary pancreatic surgery and were included
in the analysis. Patients were referred from 10 different countries
and the median age at time of surgery was 5 months and 19 days
(Table 1). Final histology revealed 12 patients with focal, three
with diffuse and three with atypical CHIL
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Intraoperative ultrasound imaging characteristics
I0US was feasible in all patients and performed without any
procedure-related complications. The IOUS characteristics of
each patient are shown in Table 2. When blinded to all preopera-
tive findings, IOUS correctly predicted focal lesions in all
12 patients and non-focal disease in five of six patients; one
patient with diffuse disease was misclassified as having focal CHI
(Table 1).

Focal congenital hyperinsulinism

In patients with histologically confirmed focal CHI, the pancre-
atic tissue appeared hyperechoic (7), isoechoic (4) or hypoechoic
(1) compared with hepatic echogenicity. Compared with the rest
of the pancreas, the focal lesions were hypoechoic (9), hypere-
choic (1) or mixed type with predominantly hypoechoic appear-
ance (2) (Fig. 1a,b). All lesions were oval (8) or round (4), with
blurred (8) or demarcated (4) margins. No lesion was spiculated
or distinctly asymmetrical. The median of both the longest and
shortest diameters at IOUS was 6 mm, with a range of 3-11 and
2-8 mm respectively. The lesions were situated 0-3 mm from the
MPD (12), 0-5 mm from the CBD (for pancreatic head lesions; 4),
and in contact with one to three vessels (6). There was no inad-
vertent damage to the CBD or MPD. Stranding and non-

Table 1 Patient characteristics and perioperative data for children with congenital hyperinsulinism

Patient no. Preoperative Operative Postoperative
Sex Country Age at surgery Genetics” 8F.DOPA l0US Frozen sec- Genetics” Histology
PET-CT tion
1 M Singapore Tm,22d Focal Focal, talil Focal, tail Focal - Focal, 5 mm
2 M Kazakhstan 7m,1d Focal Focal, head Focal, head/ Focal - Focal, 8 mm
neck
3 F Russia 2m,22d Focal Focal, head Focal, head Focal - Focal, 9 mm
4 F Hungary 5m,11d Diffuse/ Focal, head Focal, unci- Focal* Focal Focal, 8 mm
atypicalt nate pro-
cess
5 F Serbia 7m,13d Focal Focal, neck Focal, neck Focal - Focal, 5 mm
6 M Sweden 3m,2d Focal Focal, tail Focal, tail Focal - Focal, 9 mm
7 F Ukraine 5m,19d Focal Focal, body Focal, body Focal - Focal, 11 mm
8 M Serbia 7m,13d Focal Focal, unci- Focal, unci- Focal - Focal, 8 mm
nate pro- nate pro-
cess cess
9 M Portugal 4m,23d Focal Focal, head Focal, head Focal - Focal, 7 mm
10 F Sweden 3m,21d Focal Focal, body Focal, body Focal - Focal, 4 mm
I M Ukraine 4m,7d Focal Focal, head Focal, head Focal - Focal, 15 mm
12 M Portugal 12m,9d Focal Focal, body Focal, body Focal - Focal, 9 mm
13 F Belarus 5m,20d Diffuse Diffuse Non-focal Diffuse - Diffuse
14 M Ukraine 9m, 7d Diffuse/focal Diffuse Non-focal Diffuse - Diffuse
15 F Russia 4m,17d Focalt Suspicion of Focal, body Possibly Diffuse Diffuse
focal, tails and tailf] focal#
16 F Armenia 7m,13d Focal Focal lesions Non-focal Normal pa- Atypical Atypical
in body; renchyma;
diffuse up- small area
take in tail suspicious
of focal™
17 F Portugal 23m, 15d Diffuse/atyp- Atypical Non-focal Atypical Diffuse Atypical
ical /atypical
18 M Ukraine 7m,9d Diffuse/atyp- Diffuse/ Non-focal - - Atypical
ical atypical

* Details of predicted subtype by genetics are shown in Table 3.
T Genetic analysis from referring country.
1 Minor reservations owing to a relatively small number of endocrine cells.
§ Focal tracer uptake, but maximum standardized uptake value ratio below 1.41 (below diagnostic threshold value of 1.44 for focal lesions).
9 Blinded intraoperative ultrasound imaging (IOUS) regarded the tail lesion as the most distinct and suggested tail resection.

# Small lesion possibly representing focal congenital hyperinsulinism but also a few large, scattered endocrine cell nuclei outside the lesion.

**Frozen sections were not from the resection specimen that proved to contain the major histological findings.

18F-DOPA, 6-['®F]fluoro-1-3,4-dihydroxyphenylalanine; d, days; m, months.
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Table 2 Blinded intraoperative ultrasound characteristics of the pancreas and peripancreatic tissue in congenital hyperinsulinism

Patient no. I0US diagnosis Echogenicity: pancre- Echogenicity: focal Characteristics: focal Relationship between
atic tissue” lesion’ lesion or pancreatic focal lesion and sur-
tissue in non-focal CHI rounding structures
1 Focal Hyperechoic Hypoechoic Tail 2 mm to MPD
Oval, 5 x 3 mm Vessels: no contact
Blurred margins
2 Focal Hyperechoic Hypoechoic Head and neck 1T mm to MPD
Oval, 11 x 8 mm 0 mm to CBD
Demarcated margins Vessels: PV, GDA,
CHA
3 Focal Hyperechoic Hypoechoic Head 0 mm to MPD
Oval, 3 x 2 mm 0.5 mm to CBD
Blurred margins Vessels: no contact
4 Focal Hyperechoic Hypoechoic Uncinate process 0 mm to MPD
Oval, 10 x 7mm 8 mm to CBD
Blurred margins Vessels: SMV
5 Focal Isoechoic Mixed type, Neck 1 mm to MPD
predominantly hypo- Oval, 5 x 3 mm 5 mm to CBD
echoic Blurred margins Vessels: PV
6 Focal Isoechoic Hypoechoic Tail 0 mm to MPD
Oval, 11 x 8 mm Vessels: no contact
Demarcated margins
7 Focal Hypoechoic Hypoechoic Body 0 mm to MPD
Oval, 11 x 8 mm Vessels: SMV
Demarcated margins
8 Focal Hyperechoic Hypoechoic Uncinate process 3 mm to MPD
Oval, 6 x 4 mm 5 mm to CBD
Demarcated margins Vessels: SMA and
SMV
9 Focal Isoechoic Hypoechoic Head 1 mm to MPD
Round, 6 x 6 mm 5 mm to CBD
Blurred margins Vessels: no contact
10 Focal Hyperechoic Hypoechoic Body 2 mm to MPD
Round, 4 x 4 mm Vessels: SV
Blurred margins
11 Focal Isoechoic Hyperechoic Head 0.5 mm to MPD
Round, 11 x 8 mm 2 mm to CBD
Blurred margins Vessels: no contact
12 Focal Hyperechoic Mixed type, Body 0 mm to MPD
predominantly hypo- Round, 6 x 6 mm Vessels: no contact
echoic Blurred margins
13 Non-focal Hypoechoic - Stranding and non- -
shadowing hypere-
choic foci
14 Non-focal Hyperechoic - Stranding -
15 Focal Isoechoic Hypoechoic Tail 2 mm to MPD
Round, 5 x 4 mm Vessels: SA (lesion in
Demarcated margins tail), SMA and SMV
One smaller lesion in (lesions in neck)
body+
16 Non-focal Hyperechoic head, - Head: stranding and
mixed type in body non-shadowing
and tail hyperechoic foci
17 Non-focal Mixed type - - -
18 Non-focal Isoechoic - Appeared normal -

* Of the entire pancreas in non-focal congenital hyperinsulinism (CHI), and of perilesional pancreatic tissue in focal CHI; hepatic tissue as reference standard.
T Pancreatic tissue as reference standard.
1 Blinded intraoperative ultrasound imaging (IOUS) regarded the tail lesion as the most distinct and suggested tail resection.
MPD, main pancreatic duct; CBD, common bile duct; PV, portal vein; GDA, gastroduodenal artery; CHA, common hepatic artery; SMV, superior mesenteric vein;

SMA, superior mesenteric artery; SV, splenic vein; SA, splenic artery.

shadowing hyperechoic foci were never observed in patients with
focal CHI.

‘Loss of lesion’ was observed in all except one patient, in
whom I0US identified a focal lesion in the uncinate process.
However, I0US and *®F-DOPA PET-CT were unable to show rem-
nant CHI tissue in the wall of the duodenum that was recognized
by palpation and frozen-section analysis during attempted enu-
cleation. Frozen-section analysis indicated focal CHI, but with a
minor reservation because of a relatively small number of

endocrine cells (Table 1). The surgeons acknowledged that a com-
plete enucleation would necessitate a Whipple’s procedure, and
it was decided to stop the operation and await supplementary ge-
netics, final histology and clinical response. Focal CHI was ulti-
mately verified and a Whipple's procedure was subsequently
performed as the patient had not responded clinically.

All patients with focal CHI had a paternal Karp channel muta-
tion and focal uptake on preoperative *F-DOPA PET-CT. In one
patient, a second hit of paternal uniparental disomy of



a Hypoechoic focal lesion

d Non-shadowing hyperechoic foci

b Hypoechoic focal lesion

€ Small lymph nodes

Fig. 1 Intraoperative ultrasound images in congenital hyperinsulinism
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C Pancreatic stranding

a Hypoechoic focal congenital hyperinsulinism (CHI) lesion (L) with blurred margins. The duplex signal shows microblood vessel supply of the lesion; the duodenum (D) and

gastroduodenal artery (arrow) are shown (patient 4). b Hypoechoic focal CHI lesion (L) with demarcated margins; the main pancreatic duct (arrow) is shown (patient 7). ¢ Diffuse
CHI with pancreatic stranding (white arrow); two mixed-type lymph nodes (MT) with a hyperechoic core surrounded by a hypoechoic outer rim, and one hypoechoic lymph node
(H) are shown (patient 13). d Diffuse CHI with non-shadowing hyperechoic foci (white arrow) (patient 13). @ Small lymph nodes adjacent to vessels between the stomach and
pancreas (patient 5). f Hypoechoic lymph nodes embedded in the pancreatic parenchyma (patient 5).

Table 3 Detailed results of genetic testing in surgically treated children with congenital hyperinsulinism

Patient no. Mutation Prediction of subtype
1 ABCCS, c.4480C>T, p.(Arg1494Trp), paternal Focal
2 ABCCS8, c.1332G>T, p.(GIn444His), paternal Focal
3 ABCCS8, c.1032C>G, p.(Tyr344*), paternal Focal
KCNJ11, c.1096G>A, p.(Gly366Arg), paternal (rare variant, uncertain significance) Focal
4 Normal CHI genetic panelt Diffuse/atypical
Postoperative: ABCCS, ¢.4415-13G>A, p.?(intronic), paternal Focal
5 ABCCS8, c.4100C>A, p.(Ala1367Asp), paternal Focal
6 ABCCS8, c.4317C>G, p.(Asn1439Lys), novel, paternal Focal
7 ABCCS, c.2480del, p.(Gly827Alafs*38), paternal Focal
8 ABCCS, ¢.3643C>T, p.(Arg1215Trp), paternal Focal
9 ABCCS, ¢.2800C>T, p.(Arg934*), heterozygous, non-maternal (paternal DNA n.a.) Focal*
10 ABCCS8, ¢.1630+ 1G>T, paternal Focal
11 KCNJ11, c.629T>C, p.(lle210Thr), novel, paternal Focal
12 ABCCS8, c.1467 + 1G>A; p.?, paternal Focal
13 ABCCS, c.695G>A, p.(Trp232*), homozygous Diffuse
14 ABCCS, c.4518C>G, p.(Asp1506Glu), heterozygous, de novo Diffuse/focals
15 ABCCS8, c.4017G>A, p.(Trp1339%), non-maternal (paternal DNA n.a.)t Focal
Postoperative: additional ABCC8 insertion, ¢.674_675insCACGAAGTAGCA, Diffuse
p.(Leu225_Ser226insThrLys*), maternal
16 ABCCS, c.4489G>A, p.(Val1497Met), paternal Focal
Postoperative: segmental, mosaic paternal uniparental disomy of 11p15in Atypical
pancreatic tissue (not present in blood)
17 Normal CHI genetic panel Diffuse/atypical
Postoperative: normal Beckwith-Wiedemann analysis in blood and pancreatic Diffuse/atypical
tissue
18 Normal CHI genetic panel Diffuse/atypical

Genetic testing was done before operation, if not otherwise indicated. ABCC8 according to GenBank accession number NM_001287174.1, KCNJ11; NM_000525.3.
T Genetic analysis from referring country.
1 A heterozygous, non-maternal mutation without paternal DNA analysis usually predicts focal type if the father is healthy and the child has severe

hyperinsulinism. In this patient, paternal uniparental disomy of chromosome 11p15 was found in tissue from the focal lesion, consistent with the two-hit

hypothesis of focal lesions.

§ A heterozygous de novo adenosine 5'-triphosphate-sensitive potassium channel mutation either predicts diffuse congenital hyperinsulinism (CHI) (dominant
effect) or focal CHI (if the mutation is on the paternal allele despite no mutation in the father).

n.a., Not available.
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Location
Patientno. A B C D E F G H I J K L M Total Size(mm)
1 2 1 2 5 n.a. A
2 2 1 2 2 2 2 11 3-14
3 1 2 6 9 n.a.
4 1 1 2 1 5 n.a.
5 1 1 6 3 1 1 7 1 21 3-15
6 1 3 3 1 8 4-8 G
7 n.a. n.a. n.a.
8 1 1 1 2 1 2 8 3-11 L
9 1 ! ! 122 8 58 M, transverese mesocolon and greater
10 11 1 2 5 3-5 ormentu g
11 1 5 2 1 1 2 12 3-10
12 1 1 4 3 1 1 3 4 18 3-8
13 2 1 3 2 1 3 12 2-6
14 1 5 4 3 4 17 3-10
15 1 4 5 n.a.
16 1 2 2 1 2 1 2 16 2-30
17 1 5 1 2 2 3 1 2 44 3—11
18 1 2 1 1 5 2-7
Total 0 7 12 6 39 15 4 19 15 76 2 9 5 209

Fig. 2 Location, number and size of lymph nodes detected at intraoperative ultrasound imaging

n.a., Not available.

chromosome 11p15 was found in tissue analysis from the focal
lesion (Table 3).

Diffuse congenital hyperinsulinism

In the three patients with histologically confirmed diffuse CHI,
pancreatic tissue was recognized as hypoechoic, hyperechoic or
isoechoic compared with hepatic echogenicity. In one patient,
non-shadowing hyperechoic foci and stranding were found in the
body and tail, and to a lesser extent in the head (Fig. 1c and d); in
another, stranding was seen throughout the pancreas. No nod-
ules suspicious of focal lesions were found in either of these
patients.

Blinded IOUS misclassified the disease in patient 15 as focal
because of two hypoechoic lesions in the body and tail, with ab-
sence of other features. The lesion in the tail was more distinct
and surgically available, and the suggestion based on the blinded
IOUS data was to perform a tail resection, and await clinical re-
sponse and histological examination before more extensive sur-
gery. Revelation of the 'F-DOPA PET-CT data supported the
IOUS findings as only the lesion in the tail was visible on both
PET and CT, but still the maximum standardized uptake value ra-
tio only reached 1.41, below the diagnostic threshold of 1.44 for
focal lesions. Genetics from the referring country also suggested
focal CHI because of a non-maternal truncating ABCC8 mutation.
Consequently, the surgical approach based on the blinded 10US
findings was maintained. Blood glucose normalization was only
transient and a second operation was performed. The final histol-
ogy showed diffuse CHI with an unusual area in the tail of in-
tense ductuloinsular complexes with perilobular fibrosis. A
postoperative genetic investigation identified an additional ma-
ternal ABCCS insertion, compatible with compound heterozygos-
ity and diffuse CHI (Table 3).

Atypical congenital hyperinsulinism

In one patient, the echogenicity of the body and tail region was of
mixed type, whereas the head was hyperechoic, with signs of
stranding and non-shadowing hyperechoic foci creating a clear
ultrasonographic separation line. Macroscopically, the body and

tail also differed from the head because it was enlarged. No nod-
ules were found. The body and tail were resected. Genetic analy-
ses showed segmental, mosaic paternal uniparental disomy of
11p15 in the resected pancreatic tissue, with no other mutations
in the CHI next-generation sequencing genetic panel (Table 3).
There were no signs of Beckwith-Wiedemann syndrome in the
blood, saliva or resected lymph nodes.

A second patient also had mixed-type echogenicity but
showed none of the other features, and was genetically unex-
plained in both blood and pancreatic tissue analyses. The pancre-
atic tissue of the third patient had normal echogenic features.

Lymph nodes and other findings

A total of 209 peripancreatic lymph nodes were identified (Fig. 2).
Nodes mainly appeared hypoechoic compared with pancreatic
tissue (Fig. 1le,f) but 57 had mixed echogenicity, with a hypere-
choic core and a hypoechoic outer rim (Fig. 1c). Histological exam-
ination of 22 nodes showed non-specific reactive changes in 16
and normal lymphatic tissue in six. All showed no sign of CHI tis-
sue.

Among all 18 patients, the diameter of the MPD ranged from
less than 0.5 to 1.0 mm, and the CBD from less than 0.5 to 2.5
mm. None of the patients presented with ascites. No calcifica-
tions were identified within the parenchyma or in the ducts.

Impact of intraoperative ultrasound imaging

In five of 12 patients with focal CHI, blinded IOUS identified
lesions that were neither palpable nor macroscopically visible
(criterion 1) (Table 4). IOUS was used in all patients with focal CHI
to identify the margins of the focus, and in nine of 12 it changed
the surgical approach by preventing continuous piecemeal resec-
tions and time-consuming frozen-section analyses (criterion 2).
In one patient, IOUS was also used to estimate the depth of the
focal lesion on the posterior surface of the pancreas close to the
portal vein, which would otherwise have required division of the
pancreas to explore this region (criterion 2). In 12 patients, IOUS
was used to identify and allow resection close to either the CBD
or MPD. In these patients, final IOUS after resection was used to
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Table 4 Macroscopic operative findings and impact of intraoperative ultrasound imaging

Patient no. Lesion visible Lesion palpable
1 No Yes
2 No No
3 No No
4 Yes Yes
5 No No
6 Yes Yes
7 Yes Yes
8 No No
9 No Yes
10 No No
1 No Yes
12 Yes Yes
13 - -
14 - -
15 - -
16 - -
17 - -
18 - -

Type of surgery Impact criteria”

Resection of tip of tail None
Enucleation in head/neck 1,2
Enucleation in head 1,2
1: enucleation in uncinate process 2
2: Whipple's proceduret

Enucleation in neck 1,2
Enucleation in tail 2
Enucleation in body 2
Enucleation in uncinate process 1,2
Enucleation in head None
Enucleation in body 1,2
Enucleation in head 2
Enucleation in body None
Body and tail resection 2
Body and tail resection 2
1: resection of tail (assumed focal) None
2: body and tail resection (diffuse disease)

Body and tail resection 2
Tail resection 2
Body and tail resection None

* Crtierion 1: the lesion was neither visible nor palpable but only identifiable on blinded intraoperative ultrasound imaging (IOUS); criterion 2: IOUS gave
additional information that changed the surgical approach (such as parenchyma-sparing excision, avoidance of pancreatointestinal anastomosis or less need for

frozen sections) compared with preoperative information.
T Owing to heterotopic congenital hyperinsulinism tissue in duodenum wall.

ensure the integrity of the ducts (criterion 2). IOUS gave addi-
tional information that changed or minimized the surgical ap-
proach in 13 of 18 patients (9 focal, 2 diffuse, 2 atypical).

No frozen sections were used to localize the focal lesions, a
maximum of one was used to guide total removal of the lesion,
and no more than two frozen sections were needed to confirm
the diagnosis in each patient.

Stable normoglycaemia was achieved during the hospital stay
in all patients with focal CHI after one (11) or two (1) operations.
One patient with atypical CHI achieved stable normoglycaemia
after one operation, and one with diffuse disease after two proce-
dures. The latter two patients were discharged without medica-
tion, but blood glucose measurements were recommended. The
remaining patients with diffuse and atypical CHI continued with
nutritional and medical treatment after surgery.

Discussion

This structured, prospective, and blinded collection of IOUS data
from 18 patients CHI identified uniform presentation of focal
lesions: predominantly hypoechoic, oval or round, with demar-
cated or slightly blurred margins. IOUS was able to detect such
lesions in all parts of the pancreas down to a diameter of only 2
mm. The patients with diffuse and atypical disease presented
with varying patterns of echogenicity; stranding and non-
shadowing hyperechoic foci were common characteristics in
three of these six patients, but absent from those with focal CHI.
One patient with diffuse CHI was misclassified as having focal
disease because of hypoechoic areas, whereas the subclassifica-
tion was correct in the remainder. IOUS added information that
improved perioperative evaluation and changed the surgical ap-
proach in 13 of 18 patients.

The prerequisite for safe and successful focal CHI surgery is
to find and resect the lesion, while preserving healthy tissue
without damaging important neighbouring structures. A previous
study® of IOUS in five patients with focal CHI visualized
lesions as typically hypoechoic, with a blurred margin and a size

of 5-17 mm. This was similar to the present findings, supporting
the concept that focal lesions have a uniform presentation that
makes them identifiable on IOUS. In contrast, a retrospective
study’® focusing on surgical outcome in CHI found that most fo-
cal lesions had similar echogenicity to normal pancreatic tissue
(hyperechoic), although IOUS was used only in selected patients
in whom genetics, but not *®F-DOPA PET-CT, indicated a focal
lesion.

Although ®F-DOPA PET-CT is the comerstone of preoperative
imaging, from a surgical point of view there are still challenges.
18F_DOPA PET-CT reflects functional tracer uptake with an indef-
inite margin of the radiation load. It cannot visualize the precise
morphology of the lesion, and relationships with critical struc-
tures such as the CBD, MPD or major vessels. It is not easy to lo-
calize a focal lesion in the three-dimensional pancreas based on
recall of a two-dimensional image, particularly when a focal le-
sion does not exhibit macroscopically visible or palpable features
to distinguish it from normal pancreatic tissue.

I0US enhanced spatial sensation, providing continuous direct
feedback to the surgeon. In the present study, IOUS identified the
correct extent of 11 of 12 focal lesions, of which five were neither
macroscopically visible nor palpable. The exception was a single
patient with heterotopic pancreatic tissue in the wall of the duo-
denum, which was not recognized by IOUS or **F-DOPA PET-CT.

Continuous IOUS guidance reduced the need for some frozen
sections. When preoperative investigations lead to suspicion of a
focal lesion, three superficial biopsies from the head, body, and
tail have been advocated at the outset, to rule out diffuse dis-
ease’. Multiple frozen sections have also been recommended to
find the focal lesion and confirm radical resection”'**°. With use
of IOUS, no frozen sections were needed to localize a focal lesion
and a maximum of one was needed to guide its total removal.
Reliance on IOUS has meant that the median number of frozen
sections per patient used at this centre from 2010 to 2017 has
fallen to 2'*, compared with a range of 2-8 frozen sections to lo-
calize the focal lesion and 10-29 to complete the resection in a
study that did not use I0US?°. The present study used IOUS to
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confirm complete ultrasonographic removal of CHI tissue (loss of
lesion) instead of taking biopsies from the remaining (presumably
healthy) pancreas. As each analysis of a frozen section takes at
least 20 min, the entire procedure can be lengthy, depending on
the number needed.

Stranding was observed in three of six patients with non-focal
disease. Non-shadowing hyperechoic foci were seen in two of
these six patients. These features correlated with histological
findings of chronic pancreatitis®*, recognized as minor criteria in
the Rosemont criteria for the endoscopic ultrasound diagnosis®.
Microscopy of the pancreatic specimens from these three
patients showed perilobular fibrosis, and in one patient there was
chronic inflammation with many eosinophilic granulocytes—all
changes commensurate with early features of chronic pancreati-
tis. No nodules, stranding or non-shadowing hyperechoic foci
were seen in any of the patients with focal disease away from the
lesion.

A single patient was misclassified as having focal disease by
IOUS, 'F-DOPA PET-CT, and frozen-section analyses.
Misclassification may be explained by the histological examina-
tion that showed foci of perilobular fibrosis surrounding ductu-
loinsular complexes, resulting in a false perception of a small
localized lesion. This patient had unique histological and genetic
features. The pancreas was macroscopically enlarged in the body
and tail, and the patient was diagnosed with somatic genetic
changes (paternal uniparental disomy of chromosome 11p15); if
present in the germline, this would lead to Beckwith-Wiedemann
syndrome, where organ overgrowth may lead to cancer®.
Somatic paternal uniparental disomy of chromosome 11p15 was
also found in one of the patients with focal CHI, showing that so-
matic genetic changes with resulting overgrowth may be related
to both focal CHI and more widespread, atypical CHI?*.

In general, patients with non-focal CHI had more lymph nodes
detected than those with focal disease. This observation is impor-
tant because some lymph nodes may mimic hypoechoic focal
lesions, and smaller lymph nodes tended to be embedded in the
soft pancreatic parenchyma during IOUS.

IOUS is safe, cheap and simple to use during surgery, although
limited by the need to acquire technical and interpretive skills.
The strengths of the present study include the prospective de-
sign, a consecutive patient cohort, blinding of the IOUS operator,
and detailed data collection. Limitations include the relatively
small data set, and the absence of external validity of IOUS and
its impact. Evaluation of impact is difficult, as it may be hard to
quantify the sensation of performing safer surgery by having
more information about important related structures or a re-
duced need for frozen sections when guided by IOUS.

IOUS has shown relevant clinical impact in patients with
focal CHI lesions and in most of those with diffuse or atypical
CHI, when the resection site was close to the CBD or MPD. These
real-time images changed the surgical approach, leading to
parenchyma-sparing excisions with little risk of pancreatointes-
tinal anastomosis and minimized use of frozen sections. IOUS
should be regarded as a supplementary modality to differentiate
CHI types, localize focal lesions, and improve surgical decision-
making.
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