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In a multiinstitutional review, data on 396 patients with benign solitary or 
multiple insullnomas operated on in 15 centers were collected. In these 
396 patients, 419 laparotomies (375 primary procedures and 44 reopera- 
fions) were performed. The rate o f  unnecessary laparotomies was 1.7%. 
Complications occurred after 132 operations (31.5%), requiring 27 
reinterventions (6.4 %). Ten (2 %) patients died within 30 days of surgery. 
The succes s rate of first procedures in the centers ~vas 94.9%. After 
reoperation , all but 2 (99.5%) of these patients were cured. The overall 
cure rate including those patients who had their primary operations 
elsewhere was 97.5%. 

The results of surgical treatment of benign and malignant 
insulinomas are published as reports from single institutions 
[1-6] or as multiinstitutional reviews scanning the cases pub- 
lished within a certain period of time [7-10] or collecting cases 
in a country by questionnaires [11, 12]. Since the late 1970's 
when sophisticated and more reliable methods for diagnosis and 
localization of insulinomas became available, only a few insti- 
tutions have published their data, usually based on a small 
series of patients [2-51, Fifteen years ago, stefanini and asso- 
ciates [10] published the last international review. Their data do 
not represent the results obtained today, e.g., a failure rate after 
primary operations of almost 25%, an operative mortality of 
6.7% after primary and of 18% after reoperations. This article 
describes current representative figures of the outcome of 
management of these tumors in a large number of patients. 
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Material  and Methods  

A questionnaire was sent to 22 centers known for their interest 
in surgery of endocrine tumors of the pancreas. Fifteen centers 
were able to provide the appropriate data and to answer the 
questionnaire. Twenty-two questions asking for patient num- 
bers, methods used in diagnosis and treatment, and results were 
included. Questions were not too detailed to avoid the tempta- 
tion to estimate numbers in the answers. Some questions were 
asked to cross-check answers given before. Fourteen letters 
were sent to 9 institutions to ask specific questions which were 
not clearly answered in the original questionnaire. The data 
were then compiled and are presented below. 

The centers were asked to answer the questionnaire only if 
the following prerequisites were fulfilled. 

1. The data collection should begin after up-to-date methods 
for diagnosis of hyperinsulinism were available, i.e., radio- 
immunoassay for determination of insulin, C-peptide, or 
insulin-antibodies. For localization of the tumors, ultra- 
sound, computed tomography scan, arteriography and selec- 
tive venous sampling must have been available in the insti- 
tutions. This was usually the case between 1977 and 1980. 

2. The surgeons in the centers had to be experienced in 
insulinoma surgery. A minimum of 2 operations for insuli- 
noma per year were required during the time period 
screened. 

3. The data collection starting between 1977 and 1980 had to be 
terminated by the end of 1987 and had to be complete enough 
to answer all of the questions in the questionnaire. 

Data of 396 patients with benign solitary or multiple adeno- 
mas were collected. Data were also requested for malignant 
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Table 1. Numbers of patients and operations reported in the review. Gluceae Tolerance Othsra 
Teat 55% (n-219) f 4% (n=17) 

No. of patients 396 f / -  J 
Minimum per institution 14 Ca-Stimulation 

Teat 6% (n=22) 
Maximum per institution 68 Others 

No. of operations 419 16% (n-72) Glucagon-Teat 
P r i m a r y  o p e r a t i o n s  3 7 5  ~ -  ~ 8% (n-33) 
R e o p e r a t i o n s  ( in  3 5  p a t i e n t s )  4 4  Tolbutamide-'  . . . .  ,ucln Teat ~ ~-  

1st operation in own institution 19 14% (n-57) 12% (no4a) 

1st operation elsewhere 16 Fig. 1. Provocative tests used by the authors in addition to the fasting 
Factitious hypoglycemia 7 test. 

Table 2. Methods used for preoperative localization of insulinomas. 

Percutaneous 
Computed transhepatic 

Ultrasonography tomography Arteriography portography Other 

No. of patients investigated 142 246 305 80 26 
Correct localization 60 82 188 71 15 
Accuracy (%) 39.2 33.3 61.6 88.7 57.6 

beta-cell tumors (84 cases) and for islet-cell hyperplasia (30 
cases) observed in the same period. These cases were not of 
specific interest in the study and were, therefore, excluded from 
the subsequent analysis. The minimum number of patients with 
benign insulinomas reported per institution was 14 and the 
maximum was 68. 

Results  

In these 396 patients, a total of 419 operations were carried out 
including 375 primary operations and 44 reoperations. Reoper- 
ations were performed in 35 patients: 1 reoperation in all cases, 
a second in 7 cases, and more than 2 reoperations were 
necessary in 2 cases. In 19 of  these patients, the primary 
procedure was performed in the centers and in 16 patients it was 
performed elsewhere. In the same period of  time, 7 patients had 
an exploratory laparotomy with the intent of excising an insuli- 
noma, but these patients had factitious hypoglycemia. Adding 
these 7 patients to the 396 patients with proven hyperinsulin- 
ism, one calculates a rate of 1.7% unnecessary laparotomies 
because of misdiagnosis (Table 1). 

Diagnosis 

In all of the patients,  the fasting test simultaneously measuring 
blood glucose and immunoreactive insulin levels for up to 72 
hours was used. In most institutions, C-peptide levels were 
measured and some used the determination of insulin antibodies 
to exclude factitious hypoglycemia caused by insulin injection. 
A series of  other provocative tests was performed. These tests 
and their absolute and relative incidence in the 396 patients is 
described in Fig. 1. Comments made in the questionnaire 
indicate that the use of provocative tests in addition to the 
fasting test decreased during the time period observed. 

Localization 

In the majority of cases, well-known imaging procedures such 
as ultrasound, computed tomography scan, arteriography, and 
percutaneous transhepatic selective venous sampling were 

used. In some patients, other methods such as barium studies, 
scintiscanning, and, more recently, magnetic resonance imag- 
ing were performed. The absolute numbers of investigations in 
these patients and the number of correct localizations and the 
relative accuracy of the methods are given in Table 2. 

Operation 

For intraoperative localization, the procedures summarized in 
Table 3 were performed. The test most frequently applied was 
intraoperative glucose monitoring. It indicated whether the 
tumors demonstrated by preoperative procedures or palpated 
during exploration were completely excised. Few centerS uti- 
lized intraoperative ultrasound, but this method was becoming 
more popular. 

In the questionnaire, the site of solitary adenomas excised 
was asked. Fig. 2 shows that the tumors were equally distrib- 
uted throughout the pancreas and about 1% were ectopic. In 42 
patients (10.6%), multiple insulinomas were found. The exact 
number and the relative incidence is given in Fig. 3. Most of the 
29 cases (7.3%) with the MEN I syndrome were found among 
this group with multiple tumors. 

The surgical procedure used to remove the tumor depended 
on its site. Fig. 4 illustrates the procedures performed. Most 
tumors situated in the head of  the pancreas were removed by 
enucleation. One in 10 patients underwent a Whipple procedure 
at first surgery to remove an insulinoma from the head of the 
pancreas. The standard procedure for tumors in the body and/or 
tail was distal pancreatectomy. In a little more than one-third of  
the patients, these tumors were removed by enucleation. 

In reoperations, a Whipple procedure was used as often as an 
enucleation for resection of insulinomas located in the head of 
the pancreas. Reoperations resulted in 5 patients as total 
pancreatectomies because, in previous surgery, a part of the 
gland had already been removed (Fig. 5). 

Complications and Mortality 

Complications occurred following 132 (31.5%) of  the 419 oper- 
ations leading to reexplorations after 27 operations (6.4%). The 
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Table 3. Methods used for localization during or for completeness of 
excision. 

Method n % 

Glucose monitoring 108 25.8 
Ultrasound 72 17.2 
Aspiration biopsy + cytology 6 1.4 
Quick insulin radioimmunoassay 3 0.7 
Others (e.g., frozen section biopsy) 8 1.9 

Head (n - 125) 
16% 

Body (n - 103) 
30% 1% Ectopic (n - 4) 

i l  (n - 112) 
33  % 

Fig. 2. Anatomic distribution of solitary adenomas. 

42 patients(10.6% ) 

) 5 inaul inomas 33=/ 
14 

;ulinomaa 26% 
11 

3 - 5 inaulinomas 40% 
17 

Fig. 3. Absolute number and relative incidence of multiple insulinomas 
found in 42 patients. 

L o c a l i z a t i o n  vs.  P r o c e d u r e s  

Primary Operat ions (n) 

1 Head (n-151) ~ . ~  Body and Tail(n-232) 

Enucleation 114 ~ ,  Z, ~'_ ~'JZ~z~ 94 

Whipple 19 I 
d is t a l ~BTZ Z ~ /T f / / / /Y~7 / /F / /~ f / /~  

resection 15 ~ ~ / ~ / / ~  132 

total t 
pancreatectomy 3 

others ~ 6 

150 100 50 0 50 100 150 

Fig. 4. Operations performed to remove the insulinomas depending on 
the site of the tumors during primary operations. 

L o c a l i z a t i o n  vs.  P r o c e d u r e s  

Reoperat ions (n) 

Enucleation 

Whipple 

distal 
resection 

total 
pancreatectomy 

others 

1 Head ( n- 46) ~ ]  Body and Tail( n- 7) 

5 1  
l[~t 

20 15 10 5 0 5 10 15 20 

Fig. 5. Operations performed to remove the insulinomas during reop- 
erations. 

complications are detailed in Fig. 6. Pancreatic fistulas and 
pancreatitis were the most common complication followed by 
sepsis, bleeding, and pneumonia. The 30-day mortality in the 
396 patients reported was 2% (8 patients). If one relates the 
mortality to procedures,  6 patients (1.6%) died after the 375 
primary operations and 2 (5.7%) of 35 patients died following 
one or more reoperations (Table 4). 

Outcome 

The success rate of first operations performed at the centers 
was 94.9%, i.e., hyperinsulinism persisted in 5.1% of the 
patients. Failure of the operation was assumed if one or more of 
the following criteria were observed: 

1. No endocrine tissue removed (histology) 
2. Persistent hypoglycemia during fasting test 

3. Abnormal glucose tolerance test or elevated plasma insulin 
levels 

Hyperinsulinism persisted in I0 of the 35 patients who had a 
total of 44 reoperations, meaning the failure rate in reoperations 
was 28.6% (Table 5). If one looks at the whole group of patients 
reported by the 15 centers, surgery was not successful at all in 
10 (2.5%) of 396 patients after a total of 419 operations. If  the 
primary operation was performed at one of the centers (n = 
375), only 2 patients (0.5%) could not be cured by surgery. This 
was the case in 8 patients where the first operation was done 
elsewhere. Six of the 10 patients, treated without success,  had 
multiple tumors (Table 6). 

Discussion 

Surgeons have been interested in the outcome of management 
of benign insulinomas since the first collective review of 8 
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a (n - 12) 
pancreatic fiatul sudocyat (n - 4) 

( n .  45)  pneumonia (n - 7) 

bleeding (n �9 7) 

peritonit is (n - 8) 

pancreat i t i  ~und infection 
(n �9 24)  (n - 12) 

intraabd, absceas 
(n �9 13) 

Fig. 6. Postoperative complications after 132 (31.5%) of 419 opera- 
tions. 

Table 4. Postoperative complications and mortality. 

n % 

Complications 132 31.5 
Reinterventions 27 6.4 
30-day mortality (n = 396) 8 2.0 

1st procedures (n = 375) 6 1.6 
Reoperations (n = 35) 2 5.7 

patients published by Whipple and Frantz in 1935 [13]. Four 
further reviews in the English literature were published cover- 
ing a fixed period of  time [7-10]. Two others used question- 
naires [11, 12] but canvassed a large number of surgeons with 
varying degrees of experience and long time periods with 
changing methods of diagnosis and treatment. 

This study attempted to limit these variables by questioning 
surgeons with a known experience and practice in pancreatic 
endocrine tumors. The time period was restricted to limit 
variability in methods of diagnosis and localization. The ques- 
tionnaire incorporated ques t ions  to allow internal control or 
audit of accuracy of  response. 

This report  documents better  results than the previous mul- 
tiinstitutional reviews [7-12]. Improved outcome is mainly due 
to more reliable diagnostic procedures.  The fasting test, proving 
Whipple 's  triad, became more sensitive after plasma insulin 
could be measured. In this study, only 7 patients (1.7%) had 
exploratory laparotomies and no organic hyperinsulinism. C- 
peptide and/or insulin antibodies were not determined in all 
patients. The use of one or both of  these tests might have 
reduced the number of  unnecessary laparotomies. There are no 
comparable figures in the literature and although the rate of 
1.7% appears to be low, it shows that diagnostic errors can still 
occur. 

Many authors used provocative tests, glucose tolerance test, 
tolbutamide test, L-leucine tests, and others. In the first au- 
thor 's  opinion, a carefully performed fasting test is sufficient to 
make a reliable diagnosis in most patients. There is a place for 
provocative tests if the fasting test does not produce hypogly- 
cemia in the face of strong clinical evidence [2]. In this 
situation, the use of the tolbutamide test or a short calcium 
stimulation test might be more useful than the glucose tolerance 
test. 

Selective arteriography was the most often utilized localiza- 
tion procedure but did not show as good results as described by 
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Table 5. Failure rates in primary operations and in reoperations 
performed at the centers. 

n % 

No. of 1st operations (centers) 375 100.0 
Failed operations 19 5.1 

No. of cases (44 reoperations) 35 I00.0 
Failed operations 10 28.6 

Table 6. Failure rates of the whole group of patients collected (the 
percentage of failed operations in cases where primary operations 
were performed elsewhere cannot be given because the total number 
of operations is unknown). 

n % 

Total no. of patients 396 100.0 
Not cured after surgery (419 operations) 10 2.5 

Primary operation at center 2 0.5 
Primary operation elsewhere 8 

Multiple tumors: 6 of 10 

van Heerden and associates [2]. The best results were achieved 
by percutaneous transhepatic portography (PTP) and venous 
sampling for insulin assay. The accuracy was nearly 90%. This 
number is not comparable with the results of  the other methods; 
it was based on a rather small sample of patients and the method 
only indicates in which area of the pancreas the tumor is 
situated, i.e., an exact circumscribed localization is not given. 

Similar figures for accuracy of preoperative localization were 
published by Boissel and Proye [12]. Daggett and colleagues 
[14] showed that these procedures were not as good as a 
meticulous surgical exploration. The advent of intraoperative 
ultrasound might make preoperative localization procedures 
less important and preoperative ultrasound (which was used in 
this survey less often than computed tomography scan and 
arteriography) might become the only worthwhile preoperative 
method [15]. 

During surgery, most surgeons do not use any localization 
method except a meticulous surgical exploration and palpation 
of the gland. Glucose monitoring, described in 1951 [16], cannot 
be called a localization procedure,  but it informs the surgeon 
with a more than 90% accuracy whether all insulinoma tissue 
had been resected [1, 2, 5]. Ultrasound during surgery with 
surgical exploration allows insulinomas to be localized in 90- 
100% of patients [15, 17]. The method is available only in a few 
centers since 1983. It, therefore, was used in less than 20% of 
the operations in this study. 

The tumors found during surgery were equally distributed 
throughout the pancreas. This is in accordance with the litera- 
ture as well as the fact that about 10% of the patients had 
multiple insulinomas. 

When operative procedures are related to the site of the 
tumors, it is surprising that 12.6% of the insulinomas located in 
the head of the pancreas were removed by a Whipple procedure 
during primary operations. Similar figures have not been pub- 
lished in the literature. In a collective series of 207 benign 
insulinomas operated on in the Federal  Republic of Germany, 
the insulinomas were removed by this method during first 
procedures [11] in 2 cases (1%). In a French survey, an 
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insulinoma was removed by a Whipple procedure during pri- 
mary operation [12] in 20 (5.5%) of 366 patients. Among 72 
patients, published from the Mayo Clinic, only 2 had Whipple 
procedures [2]. Most authors agree that the Whipple procedure 
is too radical a therapy for a benign insulinoma of the head of 
the pancreas [3, 18]. In this multiinstitutional review, enucle- 
ation was the procedure of  choice for insulinomas in the head of  
the pancreas. The same was true for distal resection or enucle- 
ation for tumors in the body and tail of the pancreas. The 
Whipple procedure was the most commonly used procedure 
during reoperations to remove tumors from the head of the 
gland and enucleation was the second most common procedure. 

The complication rate of  31.5% reported in this review is 
rather high. In earlier publications, the complication rate was 
15% [2, 12], 20% [1, 10] or 28% [5]. Complications of pancreatic 
fistula and pancreatitis were most often encountered followed 
by septic complications and bleeding. 

In contrast to the high morbidity, mortality was low. Only 8 
(2%) of  369 patients died up to 30 days after surgery and 
reoperations were more hazardous than primary procedures. 
The comparison to the previously published literature shows 
that, obviously, postoperative complications can, nowadays, be 
managed better than before. Few centers report zero mortality 
[2, 19], but surveys undertaken in France and the Federal 
Republic of Germany showed a mortality rate of 6% and 6.2%, 
respectively [11, 12]. Harrison and associates [1] had a rather 
low mortality of 2.8%. In their major review, Stefanini and 
colleagues [10] described a mortality rate of 11% and, as in our 
report, the mortality was higher after reoperations than after 
first operations (18% versus 7%). Galbut and Markowitz [5] 
report a similar mortality rate of 12% among their patients. 

Successful surgical treatment is defined as absence of hypo- 
glycemia, histological proof of endocrine tissue removed from 
the patient, and a normal glucose tolerance test. Based on that 
definition, the success rate of first operations performed at the 
authors'  institutions was 94.9%. Including reoperations, all but 
2 (0.5%) of the authors' 375 patients were cured. If one adds the 
patients who had their primary operation elsewhere, 10 (2.5%) 
of 396 patients were not cured. That means the overall success 
rate was 99.5% or 97.5%, respectively. Data demonstrating 
such a high rate of successful surgical management have not 
been published previously in a multiinstitutional review. Stefa- 
nini and associates [10] reported failed surgery after primary 
operations in 23.7% and no tumor was found in 7% after 
multiple reoperations. Sixteen percent of the cases had persist- 
ent or recurrent hypoglycemia. In the French survey published 
in 1985 [12], only 87% of the patients were cured primarily or 
including reoperations. 

Even if the authors demonstrate convincing results in terms 
of cure rate and mortality, the management of benign solitary or 
multiple insulinomas can be improved. Facticious hypoglyce- 
mia must be excluded by routine use of C-peptide and/or insulin 
antibody determination and by measuring serum levels of 
sulfonyl urea in suspicious patients. Localization of tumors can 
be improved by increasing use of intraoperative ultrasound and 
by increasing versatility of surgeons in this technique. More 
careful handling of the pancreas and meticulous resection 
techniques may reduce complications and mortality. 

R6sum6 

Compilant les dossiers de 15 6tablissements internationaux, 
nous avons collig6 les donn6es concernant 396 patients pr6sen- 
tant un insulinome b6nin unique ou multiple, op6r6s. Chez ces 
396 patients, 419 laparotomies (375 interventions de premiere 
intention et 44 reprises) ont 6t6 effectu6es. Le taux de laparot- 
omie inutile 6talt de 1.7%. Des complications sont intervenues 
~t la suite de 132 op6rations (31.5%), n6cessitant 27 r6interven- 
tions (6.4%). Dix (2%) patients sont morts dans les trentejours 
apr~s l 'acte chirurgical. Le taux de succ~s des interventions de 
premiere intention dans les centres de l'6tude 6tait de 94.9%. 
Apr~s r6interventions, tous les patients sauf 2 (99.5%) ont 6t6 
gu6ris. Le taux global de gu6rison, y compris les patients ayant 
6t6 op6r6s une premiere fois ailleurs, 6talt de 97.5%. 

Resumen 

En una revisi6n multiinstitucional se recolectaron los datos 
sobre 396 pacientes con insulinomas benignos solitarios o 
m61tiples operados en 15 centros. En  estos 396 pacientes se 
efectuaron 419 laparotomias (375 procedimientos primarios y 44 
reoperaciones). Se registr6 una tasa de laparotomias innece- 
sarias de 1.7%; se presentaron complicaciones despu6s de 132 
operaciones (31.5%), las cuales requirieron 27 reintervenciones 
(6.4%). Diez (2%) pacientes murieron dentro de los primeros 30 
dias despu6s de la cirugia. La tasa de 6xito del procedimiento 
primario realizado en estos centros fue 94.9%. Despu6s de las 
reoperaciones la totalidad de los pacientes, menos 2 (99.5%), 
fueron curados. La tasa global de curaci6n, incluyendo los que 
tuvieron su operaci6n primaria por fuera de los centros del 
estudio, fue 97.5%. 
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Invited Commentary 

Jeffrey A. N o r t o n ,  M.D.  

Surgical Metabolism Section, Surgery Branch, National Cancer 
Institute, National Institutes of Health, Bethesda, Maryland, U.S.A. 

Insulinomas are the most common islet-cell tumor. If one 
excludes patients with Multiple Endocrine Neoplasia type I 
(MEN I) (these patients usually have multiple islet-cell tumors), 
insulinomas are generally benign (90%), intrapancreatic (nearly 
100%), and a solitary, small (<2 cm) neoplasm [1]. Surgical 
enucleation or resection has always been the treatment of 
choice and, if achieved, usually results in cure of the hypogly- 
cemia. The major problems in management of patients with 
insulinoma are accurate diagnosis and tumor localization. 

Rothmund and colleagues are to be commended for compiling 
a large, modern, multiinstitutional experience in the manage- 
ment of a curative, but potentially life-threatening, surgical 
condition--benign insulinoma. They report a large number of 
patients (396) and a very high cure rate (97.5%). It is an honest, 
complete report as there is a considerable complication rate 
(31.5%) and reoperation rate (6.4%), but a very reasonable 
operative mortality rate (2%). Therefore, the bottom-line mes- 
sage of this article is very good news. Experienced surgeons 
can cure the vast majority of patients with insulinoma with 
some morbidity, but acceptable mortality. 

This commentary will analyze the information presented by 
the authors and attempt to envision future directions for possi- 
ble improvement. One major point that the authors describe and 
appear to have convincingly demonstrated is the importance of 
accurate biochemical diagnosis. I agree that the diagnosis of 
insulinoma is made not by provocative tests, but by a standard 
72-hour fast with simultaneous measurement of blood glucose 
and insulin levels. Factitious hypoglycemia can be ruled out by 
measurement of serum levels of  antiinsulin antibodies, and 
plasma levels of  C-peptide and proinsulin [2]. Increased plasma 
proinsulin immunoreactivity in the presence of elevated con- 
centrations of insulin and C-peptide and symptoms from de- 
creased levels of glucose form an unequivocal diagnosis of 
insulinoma. Patients with factitious hypoglycemia usually have 
low or absent plasma levels of C-peptide (<660 pmol/L), while 
patients with insulinoma usually have elevated levels (>660 
pmol/L) [2]. The presence of  high serum levels of antiinsulin 
antibodies are pathognomonic for the diagnosis of factitious 
hypoglycemia. With the increasing use of new preparations of  
recombinant human insulin, the diagnosis of factitious hypogly- 
cemia may become more difficult and totally dependent on the 
detection of low plasma levels of C-peptide and proinsulin in the 

presence of elevated circulating levels of insulin and hypogly- 
cemia. 

Another major point that Rothmund and associates stress is 
accurate preoperative localization of the islet-cell tumor. Non- 
invasive studies such as ultrasound, computed tomography, 
and even magnetic resonance imaging localize, at best, only 
40% of insulinomas [3]. Invasive studies such as selective 
angiogram and transhepatic venous sampling (TVS) of the 
portal vein and its tributaries for insulin are much more likely to 
provide accurate localization. Selective angiography can pre- 
cisely image approximately 60-80% of insulinomas and TVS 
can regionally localize nearly all tumors [3]. TVS localizes the 
islet-cell tumor to a region of the pancreas, head, body, or tail. 
The surgeon must intraoperatively determine the precise loca- 
tion of the tumor or resect the region based on an insulin 
gradient. 

TVS may also be helpful in patients with Multiple Endocrine 
Neoplasia type l. Pathological analyses of resected pancreatic 
specimens from these patients indicate that the glands nearly 
always have multiple islet-cell tumors [4]. As reported by 
Rothmund and colleagues, approximately 10% of patients with 
biochemical evidence of insulinonla will have multiple islet-cell 
tumors. It is my suspicion that each of these patients have MEN 
I. The presence of MEN I in patients with insulinoma should be 
carefully investigated preoperatively by careful history, by 
studies to detect the presence of other associated endocrine 
diseases, and, in the future, perhaps, by specific gene markers 
associated with MEN I [5]. In patients with MEN I, insulinoma, 
and the dilemma of multiple islet-cell tumors, TVS may suggest 
the specific portion of the pancreas to resect in order to remove 
the insulin secreting tumor and correct the hyperinsulinism and 
hypoglycemia [6]. 

In my opinion, an apparent deficiency in the report of 
Rothmund and associates is the lack of complete description 
and details about intraoperative localization and resection of 
insulinomas. There are 4 pieces of information stated in this 
article that may be construed to be consistent with the hypoth- 
esis that there was imprecise operative localization of  islet-cell 
tumors in some patients. First, the authors stress the availabil- 
ity and use of intraoperative blood glucose monitoring. This 
study may be inexact and, at best, only provides indirect 
confirmatory evidence that the insulinoma has been removed. 
There have been false-negative and false-positive results re- 
ported with the use of intraoperative glucose monitoring [7] and 
it has been primarily advocated to assess the results of blind 
resections of part or all of  the pancreas. Second, a large 
percentage (10%) of patients with benign insulinomas in the 
head of the pancreas had Whipple pancreaticoduodenectomies 
to remove the tumor and some additional patients had total 


