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Abstract
Purpose  Recurrent severe hypoglycemic attacks often persist even after performing pancreatectomy for medically unre-
sponsive congenital hyperinsulinism (CHI). In this study, we present our experience with redo pancreatectomy for CHI.
Methods  We reviewed all children who underwent pancreatectomy for CHI between January 2005 and April 2021 in our 
center. A comparison was made between patients whose hypoglycemia was controlled after primary pancreatectomy and 
patients who required reoperation.
Results  A total of 58 patients underwent pancreatectomy for CHI. Refractory hypoglycemia after pancreatectomy occurred 
in 10 patients (17%), who subsequently underwent redo pancreatectomy. All patients who required redo pancreatectomy 
had positive family history of CHI (p = 0.0031). Median extent of initial pancreatectomy was lesser in the redo group with 
borderline level of statistical significance (95% vs. 98%, p = 0.0561). Aggressive pancreatectomy at the initial surgery sig-
nificantly (p = 0.0279) decreased the risk for the need to redo pancreatectomy; OR 0.793 (95% CI 0.645–0.975). Incidence 
of diabetes was significantly higher in the redo group (40% vs. 9%, p = 0.033).
Conclusion  Pancreatectomy with 98% extent of resection for diffuse CHI, especially with positive family history of CHI, is 
warranted to decrease the chance of reoperation for persistent severe hypoglycemia.
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Introduction

Congenital hyperinsulinism (CHI) is known to be the most 
common cause of persistent hypoglycemia in infants [1]. The 
disease is characterized by inappropriate secretion of insulin, 
resulting in severe hypoglycemic attacks. Consequently, any 
delay in diagnosis and management puts the patient under 
high risk of morbidity and mortality [2, 3]. Complete resolu-
tion of the hypoglycemia might be achieved by supportive 
therapy and/or medications alone [4]. However, surgical 
intervention is often required in refractory cases, poor com-
pliance to medical therapy, or in case a discrete pancreatic 
lesion was detected and deemed resectable [5]. The optimal 

extent of pancreatic resection that would control the hypo-
glycemia and not compromise the endocrine and exocrine 
function has not been agreed upon [5–7]. Due to high rates 
of refractory persistent disease after partial pancreatectomy 
for the diffuse form of CHI, and the need to redo the pro-
cedure, surgeons became more aggressive in the extent of 
initial pancreatectomy [8]. However, even after subtotal or 
near-total pancreatectomy, recurrent severe hypoglycemic 
attacks occurred in between 11 and 50% of the cases, which 
also required further resection [7–12]. The purpose of this 
study is to review our experience in pancreatectomy for 
CHI in the last 16 years to investigate the incidence of redo 
pancreatectomy, identify the potential factors that may pre-
dict the need for reoperation, and determine the long-term 
incidence of diabetes and pancreatic exocrine insufficiency 
(PEI). *	 Ali Al‑Ameer 
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Methods

A retrospective chart review was conducted at our ter-
tiary center, King Faisal Specialist Hospital and Research 
Center, Riyadh, Saudi Arabia. The population of interest 
for this study were all pediatric patients aged 0–14 years 
who underwent pancreatectomy to manage CHI between 
January 2005 and April 2021. We excluded all patients 
who were operated outside our center. Also, all patients 
with histopathology results not consistent with CHI were 
excluded. This study was approved by the Research Ethics 
Committee at our institution.

Data included in the analysis were: gestational age, gen-
der, family history of CHI, parental consanguinity, genetic 
analysis, age and weight at time of pancreatectomy, surgi-
cal approach and extent of resection, placement of gas-
trostomy tube, histopathology results, blood sugar control, 
need of pancreatic enzyme replacement therapy, need of 
redo pancreatectomy and time elapsed between the initial 
and redo surgery.

The diagnosis of CHI was established when a patient 
had a non ketotic hypoglycemia (blood sugar level less 
than 36 mg/dL), hyperinsulinemia (plasma insulin level 
more than 3 mU/L) and there was a need for high rate glu-
cose infusion (> 10 mg/kg/min) to maintain blood sugar 
level above 54 mg/dL [5]. After confirming the diagnosis, 
a combination of frequent enteral feedings, diazoxide, 
glucagon and/ or octreotide was used for management. 
Those who required intravenous glucose infusion to 
maintain adequate blood sugar level or developed symp-
toms of hypoglycemia despite maximum medical therapy 
were candidates for surgical intervention in the form of 
near-total or subtotal pancreatectomy depending on the 
surgeon`s preference and experience [11]. After review-
ing the work by Reyes and colleagues in 1992 and our 
operative reports, we defined the extent of our surgical 
resection as the following. Subtotal pancreatectomy (85% 
of the pancreas) involves the resection of pancreatic tis-
sue distal to the right of the superior mesenteric vessels 
(SMV). Near-total pancreatectomy (95% of the pancreas) 
constitutes removal of the tail, body, uncinated process, 
and part of the pancreatic head. Additionally, when the 
head of pancreas is shaved off the duodenal sweep and 
bile duct leaving only a rim of pancreatic tissue, it is con-
sidered as 98% pancreatectomy [13]. Surgical intervention 
was considered successful if the hypoglycemia subsided 
or came under control with medications. For the patients 
who showed signs of recurrence after pancreatectomy 
(Refractory hypoglycemia unresponsive to maximum 
medical therapy) redo pancreatectomy was indicated. This 
consisted of shaving or cauterizing the remnant or hyper-
trophied pancreatic tissue. Likewise, it was considered 

successful if the hypoglycemia subsided or came under 
control with medications. The long-term outcomes that 
we looked for were blood sugar control status and pan-
creatic exocrine function. PEI was considered positive if 
the patient had evidence of oily stool and was started on 
pancreatic enzyme replacement therapy by the endocrinol-
ogy team.

Statistical analysis was performed using Statistical Analy-
sis System (SAS) statistical software package version 9.4 
(SAS Institute Inc., Cary, NC, USA). Continuous variables 
are reported as mean ± standard deviation (SD) for normally 
distributed data or median and interquartile range (IQR) for 
non-parametric variables whereas categorical variables are 
reported as frequencies (n) and percentages. Comparison 
between patients who were successfully managed with pri-
mary pancreatectomy and those who needed redo pancrea-
tectomy was performed using Student’s t test/ANOVA or 
non-parametric (Mann–Whitney U/Kruskal–Wallis) test as 
appropriate for continuous variables, while categorical vari-
ables were compared by Chi-square test or Fisher’s exact 
probability test when deemed necessary. Logistic regression 
was used to test predictors of the need to redo pancreatec-
tomy. The level of significance was set at a p value < 0.05.

Results

During the 16-year study period, between January 2005 
and April 2021, a total of 58 patients underwent subto-
tal or near-total pancreatectomy for the diagnosis of CHI. 
There were 28 males (48%) and 30 females (52%). Most 
of the patients were full term with median gestational age 
of 37 weeks. Parental consanguinity reported in 82% of 
the cases while positive family history of CHI was found 
in 58%. Genetic testing was done for 43 patients. ABCC8 
gene was the most common mutated gene and found in 
39 patients (91%). Median (IQR) age at presentation was 
1 (1–2) day with mostly nonspecific symptoms like leth-
argy, apnea and seizures. All patients after confirming the 
diagnosis of CHI were given the maximum chance for their 
hypoglycemia to be controlled with frequent enteral feeds 
and medications before proceeding for pancreatectomy. 
Median (IQR) age and weight at time of pancreatectomy 
were 8 (6–24) weeks and 5.5 (4.6–8.2) kilograms, respec-
tively. Surgical approach was laparoscopic in 55 patients 
(98%), one (2%) was converted from laparoscopic to open 
due to technical difficulties. The median (IQR) extent of 
surgical resection was 98% (95%-98%) of the pancreas. 
In addition to the pancreatectomy procedure, gastrostomy 
tube was performed in 10 patients (10%). There were no 
iatrogenic injuries to the common bile duct or duodenum. 
Median (IQR) post-operative hospital stay was 9 (6.6–11) 
days. At day of discharge, euglycemia was achieved with 
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or without medications in 49 patients (94%), while 3 
patients (6%) were diabetic and started on insulin. Histo-
pathological examination revealed diffuse form of CHI in 
all examined specimens 58 (100%). Patient characteristics 
and comparison are listed in Table 1.

Recurrence of symptomatic refractory hypoglycemia 
after pancreatectomy occurred in 10 patients (17% of the 
total series), for which, redo pancreatectomy was indicated 
and performed. Median (IQR) time elapsed between the first 
and redo pancreatectomy was 26 (12–45) weeks at median 

Table 1   Patient characteristics and comparison

P pancreatectomy, N/A not applicable
*The difference is statistically significant, P < 0.05

Total Primary P Redo P p value (test)

Patients, n (%) 58 48 (83) 10 (17) N/A
Gender, n (%) 0.7316 (Fisher`s exact)
 Male 28 (48) 24 (50) 4 (40)
 Female 30 (52) 24 (50) 6 (60)

Gestational age in weeks, median (IQR) 37 (37–37) 37 (37–37) 37 (37–37) 0.9889 (Wilcoxon)
Parental consanguinity, n (%) 1 (Fisher`s exact)
 Yes 37 (82) 29 (81) 8 (89)
 No 8 (18) 7 (19) 1 (11)
 Missing data 13 12 1

Family history of CHI, n (%) 0.0031* (Fisher`s exact)
 Yes 31 (58) 21 (49) 10 (100)
 No 22 (42) 22 (51) 0
 Missing data 5 5 0

Genetic mutation, n (%) N/A
 ABCC8 36 (84) 27 (79) 9 (100)
 KCNJ11 4 (9) 4 (12) 0
 ABCC8 + GCK 2 (5) 2 (6) 0
 ABCC8 + GLUD1 1 (2) 1 (3) 0
 Missing data 15 14 1

Age at surgery in weeks, median (IQR) 8 (6–24) 8 (6–24) 8 (4–24) 0.7181 (Wilcoxon)
Weight at surgery in kg, median (IQR) 5.5 (4.6–8.2) 5.5 (4.6–7.7) 6.1 (5.2–14.1) 0.3081 (Wilcoxon)
Surgical approach, n (%) 1 (Fisher`s exact)
 Laparoscopic 55 (98) 46 (98) 9 (100)
 Laparoscopic converted to open 1 (2) 1 (2) 0
 Missing data 2 1 1

Extent of surgical resection in %, median (IQR) 98 (95–98) 98 (95–98) 95 (95–98) 0.0561 (Wilcoxon)
Gastrostomy tube insertion, n (%) 0.1884 (Fisher`s exact)
 Yes 10 (18) 7 (15) 3 (33)
 No 47 (82) 41 (85) 6 (67)
 Missing data 1 0 1

Iatrogenic injuries, n (%) N/A
 Common bile duct 0 0 0
 Duodenum 0 0 0

Discharge day post op 9 (6.6–11) 9 (7–11) 9 (6–11) 0.6777 (Wilcoxon)
Blood sugar status at discharge, n (%) 1 (Fisher`s exact)
 Euglycemic ± medications 49 (94) 42 (93) 7 (100)
 Diabetic 3 (6) 3 (7) 0
 Missing data 6 3 3

Histopathology, n (%) 1 (Fisher`s exact)
 Diffuse 58 (100) 48 (83) 10 (17)
 Focal 0 0 0
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(IQR) age of 48 (28–72) weeks. The initial extent of pan-
createctomy in the first procedure were 85%, 95% and 98% 
of the pancreas in 3, 4 and 3 patients, respectively. The redo 
surgery was done laparoscopically in 8 patients, open in 1 
patient and laparoscopic converted to open in 1 patient. Sur-
gery performed was completion to 98% pancreatectomy for 
those who underwent initially less than that, and removal of 
hypertrophied pancreatic tissue found for those had initial 

98% pancreatectomy. Afterward, one patient underwent third 
exploration and redo pancreatectomy for persistence refrac-
tory hypoglycemia. Patient characteristics at time of redo are 
presented in Table 2.

Univariant analysis of patient characteristics before the 
recurrence of refractory CHI, revealed that positive family 
history of CHI was significantly higher in the redo group 
(p = 0.0031). It is also noticed that those who required redo 
pancreatectomy underwent initial lesser extent of surgical 
resection in the first procedure compared to those who were 
successfully managed with primary pancreatectomy with 
borderline level of statistical significance (p = 0.0561). There 
were no statistically significant differences for the remaining 
variables (Table 1).

Logistic regression model showed that higher extent 
of surgical resection at the initial surgery significantly 
decreases the risk for the need to redo pancreatectomy (OR 
0.793, 95% CI 0.645–0.975, p = 0.0279). Other variables 
were not statistically significant to predict the need to redo 
pancreatectomy (Table 3).

Blood sugar control and pancreatic exocrine status upon 
follow-up are summarized in Table 4. Median (IQR) follow-
up period was 70 (33–110) months. Control of the hypo-
glycemia was achieved with or without medications in 45 
patients (85%), whereas 8 patients (15%) became insulin 
dependent diabetic. PEI was evident in 6 (12%) patients. 
Incidence of diabetes was significantly higher in the redo 
group (p = 0.033). However, there was no statistically sig-
nificant difference in regards to PEI between the two groups.

Discussion

Infantile hypoglycemia has a wide variety of differential 
diagnoses. CHI is one of the most important differentials 
in case of a persistently low blood sugar level [1]. The 

Table 2   Patient characteristics at time of redo pancreatectomy

Total patients, n 10
Initial extent of surgical resection, n (%)
 85% pancreatectomy 3 (30)
 95% pancreatectomy 4 (40)
 98% pancreatectomy 3 (30)

Time from initial surgery to redo in weeks, median 
(IQR)

26 (12–45)

Age at surgery in weeks, median (IQR) 48 (28–72)
Weight at surgery in kg, median (IQR) 7.5 (6.7–19.7)
Surgical approach, n (%)
 Laparoscopic 8 (80)
 Laparoscopic converted to open 1 (10)
 Open 1 (10)

Type of redo surgical resection
 Excision of hypertrophic tissues 3 (30)
 Completion to 98% pancreatectomy 7 (70)

Additional surgical intervention, n (%)
 None 9 (90)
 Gastrostomy tube insertion 1 (10)

Discharge day post op 7 (7–8)
Iatrogenic injuries, n (%) 0
Blood sugar status at discharge, n (%)
 Euglycemic ± medications 7 (100)
 Diabetic 0
 Missing data 3

Table 3   Univariate logistic 
regression for risk of the need to 
redo pancreatectomy

OR odds ratio, CI confidence interval
*The difference is statistically significant, P < 0.05

OR 95% CI p value

Gender 0.667 0.167–2.666 0.5664
Gestational age 1.223 0.674–2.217 0.5080
Parental consanguinity 1.931 0.206–18.079 0.5642
Family history of CHI  > 999.999  < 0.001 to > 999.999 0.9507
Type of genetic mutation  < 0.001  < 0.001 to > 999.999 0.9250
Age at surgery 0.995 0.968–1.023 0.7070
Weight at surgery 1.160 0.970–1.386 0.1031
Surgical approach  < 0.001  < 0.001 to > 999.999 0.9860
Extent of surgical resection 0.793 0.645–0.975 0.0279*
Gastrostomy tube insertion 2.929 0.591–14.520 0.1884
Blood sugar status at discharge  < 0.001  < 0.001 to > 999.999 0.9776
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frequency of the disease is reported as one in 50,000 live 
births, but in highly consanguineous communities, it can 
reach as high as one in 2500 live births [11, 14]. The hall-
mark of CHI is inappropriate over secretion of insulin that 
leads to severe hypoglycemia. Since hypoglycemia in chil-
dren, and especially neonates, can result in severe irrevers-
ible neurological damage and possible death, the condition 
should be detected and managed without any delay [2, 3]. 
Medical management consists of frequent enteral feedings, 
continuous intravenous infusion of glucose and administra-
tion of diazoxide, glucagon, and octreotide as appropriate. 
These modes of medical management can be used as single 
agents or in combination as needed. Many patients gradually 
improve, and their need for medications to maintain appro-
priate blood sugar level decrease as they grow up. Complete 
resolution of the condition occurs in some cases [4, 11]. The 
most common indication to proceed for surgical intervention 
is failure of maximum medical management, which was the 
case in all of our patients. Other indications include, poor 
compliance with medical therapy or the presence of a resect-
able focal pancreatic lesion. The latter is usually identified 
by dedicated imaging modalities such as 18F-DOPA-PET/ 
CT [15].

When it comes to molecular genetics and inheritance, 
CHI is caused by a defect in key genes that regulate insulin 
secretion form β-cells of the pancreas. So far, 12 different 
genes, namely; ABCC8, KCNJ11, GLUD1, GCK, HADH, 
SLC16A1, HNF4A, HNF1A, HK1, PGM1 and PMM2 have 
been identified to play a role in regulating insulin secretion 
[16]. ABCC8 gene mutation is known to be the most com-
monly mutated gene in cases of CHI and was present in 91% 
of our genetically tested patients. A close percentage, around 
81%, was reported in a previous Saudi study by Al-Agha 
[17]. In addition to that, family history of CHI was positive 
in all of our patients who required redo surgery with a stati-
cally significant result (p = 0.0031). Thus, genetic evaluation 

and further understanding of the pattern of inheritance are 
important as they may give a clue to direct the management 
of CHI and predict the response of medical or surgical inter-
ventions [14, 17].

Looking into histopathology, there are two main subtypes 
of CHI in the literature; diffuse and focal. The diffuse form 
is slightly more prevalent (60–70% of cases) [16, 18]. The 
clinical implication of differentiating the two forms either 
preoperatively or intraoperatively is to direct the type and 
extent of surgical intervention. The focal form can be poten-
tially cured by localized and limited resection of the lesion, 
while the diffuse form requires more aggressive resection up 
to near-total pancreatectomy [1, 18, 19]. In our series, all of 
the resected specimens revealed the diffuse form; we never 
encountered the focal form of CHI. This might be explained 
by the genetic background in our community and the high 
rate of consanguineous marriage [17]. Therefore, it is our 
routine practice, with coordination with our colleagues from 
the endocrinology team, to proceed immediately to laparo-
scopic subtotal or near-total pancreatectomy when surgical 
intervention is indicated without investigating for the focal 
form. The only exception is when a discrete mass was identi-
fied intraoperatively before dissection.

The optimal amount of pancreatic tissue resection to 
control the hypoglycemia in the diffuse form of CHI that 
does not negatively impact the pancreatic endocrine and exo-
crine functions is difficult to appreciate [5–7]. In addition, 
accurate objective measures that define the volume of the 
pancreas to guide the extent of resection are lacking. Thus, 
cases of over or under resection are common. These factors 
explain the variation of outcomes reported in the literature 
after pancreatectomy for CHI [1]. Relying on the anatomi-
cal relationship of the pancreas to the SMV as described by 
Reyes and colleagues is the most commonly used method by 
surgeons to guide and define the extent of resection. None-
theless, the surgeon should consider that the precise total 

Table 4   Long-term outcomes and comparison

P pancreatectomy, N/A not applicable
* The difference is statistically significant, P < 0.05

Total Primary P Redo P p value (test)

Patients, n (%) 58 48 (83) 10 (17) N/A
Follow-up period in months, median (IQR) 70 (33–110) 71 (29–110) 48 (33–89) 0.8504 (Wilcoxon)
Blood sugar control, n (%) 0.0330*(Fisher`s exact)
 Euglycemic ± medications 45 (85) 39 (91) 6 (60)
 Diabetic 8 (15) 4 (9) 4 (40)
 Missing data 5 5 0

Pancreatic exocrine insufficiency, n (%) 0.3245 (Fisher`s exact)
 Yes 6 (12) 4 (10) 2 (20)
 No 46 (88) 38 (90) 8 (80)
 Missing data 6 6 0
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volume and dimensions of the pancreas are not always in a 
fixed anatomical relationship to the SMV. Visualization of 
the whole pancreas is crucial to have a more accurate estima-
tion about the extent of the resection [13].

Dealing with diazoxide unresponsive hypoglycemia after 
subtotal or near-total pancreatectomy for diffuse CHI is chal-
lenging and often requires redo pancreatectomy [20]. It is 
reported between 25 and 50% of the cases in the literature 
[7, 9–12]. Such high rate of recurrence could be explained 
by the over estimation of how much pancreatic tissue was 
resected initially, or due to intentional over preservation of 
pancreatic tissue when the surgeon worries about injuring 
adjacent vital structures at the expense of performing suf-
ficient resection [1, 13]. In our review, we had a recurrence 
rate of 17%. We believe that our tendency to perform aggres-
sive resections, since we always encounter diffuse CHI, has 
led to lower recurrence rate compared to what is reported. 
The association between the extent of resection and need to 
reoperate is well demonstrated in our data. The more aggres-
sive pancreatic resection performed for diffuse CHI, the less 
likelihood the patient will comeback with medically unre-
sponsive hypoglycemia necessitating him to undergo a redo 
pancreatectomy.

Gastrostomy tube insertion is often performed in patients 
with CHI to aid in hypoglycemia control by continuous feed-
ing regimen or dextrose administration [11]. It is postulated 
in the literature that gastric procedures including gastros-
tomy tube insertions and Nissen fundoplication may predis-
pose patients to post prandial hypoglycemia due to dump-
ing syndrome effect or increased level of incretin hormones, 
particularly glucagon-like peptide-1 (GLP-1). It is thought 
that these factors may play a role in the pathophysiology 
of hyperinsulinemic hypoglycemia and possibly pancreatic 
hyperplasia [21–24]. We thought of this physiologic reaction 
as a possible contributing factor in increasing the chance 
of recurrence after pancreatectomy. However, in our com-
parison, there was no difference between the two groups, 
whether they had gastrostomy tube or not. More investi-
gations and higher number of patients may reveal further 
information.

Long-term outcomes, namely, pancreatic endocrine and 
exocrine functions may change over time, thus, the reported 
long-term results vary between the studies depending on 
the follow-up period [9]. While diabetes developed in a sig-
nificantly higher percentage in the redo group (p = 0.033), 
there was no statistically significant difference in regard 
to PEI. It is expected that both diabetes and PEI incidence 
would increase with longer follow-up period. Unfortunately, 
eliminating these complications seem to be inevitable when 
aggressive pancreatectomy is performed. Indeed, priority 
should be given to the hypoglycemia control at any expense 
since neurodevelopmental outcomes are the greatest con-
cerns [12].

Limitations of our study were mainly attributed to the ret-
rospective study design and include that some of the retrieved 
data were missed. Additionally, the relatively short follow-up 
period does not reflect the actual ultimate outcomes of our 
management.

Conclusion

CHI is a heterogeneous disease in regards to genetics, his-
topathology, response to medical and surgical intervention, 
and the long-term outcomes. It is common to perform redo 
pancreatectomy for diffuse CHI to control refractory hypogly-
cemia at the expense of risking sufficient pancreatic functions. 
Our data suggest that when surgical intervention is needed for 
diffuse CHI, surgeons should consider the maximum possible 
extent (up to 98%) of pancreatectomy, especially for those with 
family history of CHI since they are at a high risk of having 
recurrent refractory disease. Both the initial and redo pancre-
atectomy are feasible to be performed laparoscopically, and 
iatrogenic injuries can be avoided with meticulous steps and 
experience. Developing new medical therapies in the future to 
control diffuse CHI is essential to limit the extent of pancrea-
tectomy or even to completely avoid it.
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