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Insulinomas are functional tumors of the β-cells and 
are the most common cancer of the endocrine pan-

creas. The tumor leads to persistently elevated lev-
els of insulin that are independent of blood glucose 
(BG) levels. The patient becomes progressively hy-
poglycemic due to compromise of normal regulatory 
systems.1–5 Islet cell carcinomas or adenomas with 
malignant behavior are the most common histologi-
cal types of insulinoma.2,4,6 Local lymph nodes and 
liver are the main metastatic locations, followed by 
the lungs, spleen, mesentery, gastrointestinal tract, 
kidney, spinal cord, and bone.5,7 Metastasis is sus-
pected in 100% of the cases at the time of diagno-
sis,8 although postoperative histopathologic confir-
mation of metastasis may be reached in only 45% to 
50% of cases.9–11 Relapse of hypoglycemia following 
insulinoma resection has been reported in approxi-
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mately 40% to 53% of cases in several studies and is 
considered to be due to progression of metastatic 
disease.7,12 For most patients, the treatment of insu-
linoma is considered to be rarely curative.5

Surgical resection by means of partial pancre-
atectomy and metastasectomy is the treatment of 
choice for insulinoma, with median survival times 
(MST) of between 372 and 785 days and euglyce-
mic periods of between 348 and 424 days report-
ed.4,5,7,12 Medical management is an option for sta-
bilization prior to surgery for candidates unsuited to 
surgery due to comorbidities or if surgical treatment 
is declined. The strategy for medical management  
consists of correcting hypoglycemia by means of 
pharmacologic therapies (prednisolone, diazoxide, to-
ceranib phosphate, octreotide, and/or streptozocin), 
exercise modification, and diet.1,4,5,7,13 The survival 

OBJECTIVE
To evaluate whether intraoperative detection of rising levels of blood glucose could improve the completeness of 
resection of insulin-secreting tumor tissue and whether this improves long-term outcomes.

ANIMALS
11 client-owned dogs diagnosed with insulinoma.

PROCEDURES
Retrospective review of medical records of dogs undergoing partial pancreatectomy as treatment for insulinoma. A 
blood glucose reading was obtained at induction, following removal of the pancreatic mass and/or after each sus-
pected metastatic lesion until blood glucose had normalized. Disease-free interval and survival time were measures 
of outcome.

RESULTS
A positive increase in blood glucose was detected in all cases, with a mean rise of 6.35 ± 4.5 mmol/L. Mean follow-
up was 611 days, mean disease-free interval was 382 days, and median survival time was 762 days. Tumor stage 
was not associated with outcome. Three cases underwent a second surgery (metastasectomy), achieving further 
prolongation of disease-free survival.

CLINICAL RELEVANCE
A sustained increase in intraoperative blood glucose provided the surgeon with confidence of more complete resec-
tion of insulinoma tissue and resulted in improved outcomes in all cases included in this study. Subsequent metasta-
sectomy of recurrent insulinoma lesions also provided good outcomes. Intraoperative monitoring of blood glucose 
during surgical treatment of insulinoma resulted in the surgeon continuing to explore and resect abnormal tissue 
until an increase of glycemia was observed. This was shown to provide the surgeon with more confidence of resec-
tion of all active insulinoma tissue and improved clinical outcomes.
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time for patients treated with medical management 
is reported to be between 74 and 196 days, which is 
shorter than that reported for surgical treatment.4,5,7

Previously described prognostic factors include 
age, tumor size, surgical treatment, pathological 
stage, postoperative pancreatitis, postoperative 
hyperglycemia, or hypoglycemia.12 Not all studies 
agree on the significance of these factors.7,12 Im-
portantly, persistent hypoglycemia following surgi-
cal exploration has been reported in 20% to 23% of 
cases.7,12 Postoperative persistent hypoglycemia has 
been associated with a higher pathological stage, 
which suggests incomplete excision of the tumors 
or the presence of undetected and therefore non-
resected metastasis.7 Because residual tumoral tis-
sue is suspected to be the cause of the persistent 
hypoglycemia in these dogs, a disease-free interval 
(DFI) has not been previously analyzed or reported 
for a specific subset of dogs with residual disease. In 
1 study, the median duration of remission of all dogs 
undergoing partial pancreatectomy (postoperatively 
euglycemic and hypoglycemic) was lower (496 days) 
compared to the subset of dogs in which normal gly-
cemic control (525 days) was obtained.1 In another 
study,12 patients that remained hypoglycemic follow-
ing surgery had a lower MST (114 days) compared to 
those that were euglycemic or hyperglycemic follow-
ing surgery (746 days). Two studies have calculated 
that the daily hazard of death for dogs that remain 
persistently hypoglycemic to be 4.96 or 7.3.7,12 This 
evidence suggests that more complete identification 
of tumor tissue at the time of surgery should trans-
late to improved outcomes for patients.

Abdominal ultrasound is commonly used for in-
vestigation of insulinoma, but its sensitivity to de-
tect pancreatic masses or metastatic lesions has 
been reported to vary from 23% to 75%.1,4,14–18 
Compared to the low specificity of abdominal  ul-
trasound, CT has been reported to correlate with 
surgical findings in 75% to 100% of cases when 
considering the presence and size of the primary  
tumor.14,19–22 However, CT is less reliable for de-
termining the correct location of the tumor, with a  
correlation of between 52% and 89% in veterinary stud-
ies.22,23 Coss et al23 reported the postarterial phase 
to have a 94% sensitivity for detection of a primary 
pancreatic mass. However, in that study, suspected 
metastatic lesions were not always biopsied. Further-
more, the presence of lymph nodes confirmed to be 
metastatic histopathologically but not detected on CT 
imaging suggested a low sensitivity for detection of 
metastatic disease with this modality.23

Because of the insufficient sensitivity of imag-
ing diagnostic tests to detect pancreatic tumors and 
metastatic lesions,1,4,13–22 we hypothesized that mea-
suring intraoperative BG levels would assist the sur-
geon to know when insulin-secreting tissue was still 
present prior to finishing the surgery, with persistent 
low glycemia being consistent with remaining ac-
tively secreting tumor and increase of BG being con-
sistent with complete excision of actively secreting 
tumor. Further, we hypothesized that more complete 
removal of insulin-secreting tissue would provide 

good outcomes in patients, compared to previously 
published data.

The goal of this study was to evaluate whether 
detecting rising levels of BG intraoperatively could be 
used as surrogate evidence to determine when com-
plete resection of active tumor has been achieved, 
and whether this would translate to improved long-
term outcomes.

Materials and Methods
Study design and eligibility criteria

Medical records of dogs treated surgically for in-
sulinoma between July 2017 and March 2021 were 
searched from the hospital database at a single re-
ferral hospital (Fitzpatrick Referrals Oncology and 
Soft Tissue).

Inclusion criteria consisted of canine patients 
that underwent partial pancreatectomy and, if ap-
propriate, metastasectomy as treatment of recently 
diagnosed insulinoma; assessment of BG performed 
immediately prior to surgery, intraoperatively, and 
following surgery; histopathological confirmation of 
the diagnosis; and survival to discharge from hos-
pital and a minimum follow-up of 6 months. Dogs 
treated medically, administered medical treatments 
to increase glycemia within 24 hours prior to or dur-
ing surgery, and with a histopathologic diagnosis 
of other types of pancreatic tumors were excluded 
from the analysis.

Data collection
Data collected from the medical records in-

cluded signalment, clinical signs, diagnostic tests 
performed for each patient and their results or re-
ports, histopathology results, and the development 
of any complications in the postoperative period. If 
any follow-up consultations were performed after 
the original surgery, the reasons for this follow-up 
were recorded, including results of any diagnostic 
tests or imaging. If recurrence of the insulinoma 
was confirmed, the outcome of any new treatment 
was obtained.

All patients were staged using the WHO stag-
ing system on the basis of diagnostic imaging and 
histopathologic results.1 Briefly, dogs were classified 
as stage 1 if disease was confined to the pancreas, 
stage 2 if the local lymph nodes were affected, and 
stage 3 if distant metastasis was observed. BG val-
ues that were obtained during the patients’ treat-
ment were recorded; hypoglycemia was defined as 
BG measurement lower than 3.3 mmol/L (60 mg/
dL) and hyperglycemia as above 6.2 mmol/L (111 
mg/dL). The occurrence of commonly described 
postoperative complications of surgical treatment 
for insulinoma, including hyperglycemia, hypoglyce-
mia, or pancreatitis, was recorded.

All follow-up data were obtained by contacting 
the referring primary care veterinarian to obtain the 
most recent clinical history of the patient. If the dog 
had died, the cause and date of death were noted for 
survival analysis. If the dog was still alive, the pres-
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ence of any clinical signs or treatment related with 
hypoglycemia was recorded. Dogs that remained 
alive at the close of the study period were censored 
for survival analysis. The intraoperative increase in 
BG, DFI, and MST were measures of outcome.

Perioperative BG monitoring
The standard surgical protocol in the hospital is 

for BG levels to be recorded in all patients through-
out the perioperative period. The BG values recorded 
at various time points were obtained from the clinical 
and anesthetic records and included the following: 
the lowest BG level recorded prior to surgery, the 
preinduction BG level, all BG results obtained intra-
operatively, and the highest and lowest BG recorded 
during the period of postoperative hospitalization. 
The difference between the BG (△BG) recorded at 
the end of the surgery and just prior to intubation 
was calculated.

Surgical procedure
Glycemia was measured preinduction by a hand-

held machine (AlphaTRAK blood glucose monitoring 
system; Zoetis) from a peripheral vessel. Dogs were 
anesthetized at the discretion of the anesthetist or 
surgeon in charge of the case. The goal of the an-
esthesia protocol in all cases was for patients to be 
hypoglycemic at induction. No glucose supplemen-
tation or pharmacologic manipulation was used to 
artificially elevate the BG prior to, or during, the an-
esthesia. Abdominal aseptic preparation included 
thorough clipping and scrubbing with an alcohol-
chlorhexidine–based scrub (Hibiscrub). Periopera-
tive antimicrobial therapy consisted of IV administra-
tion of cephazolin (22 mg/kg; Zinacef) at induction 
and every 90 minutes thereafter.

A midline laparotomy and thorough explora-
tion of the entire abdomen was performed in each 
case, followed by a more focused examination of 
the pancreatic parenchyma, liver, mesentery, and 
locoregional lymph nodes around the pylorus, liver, 
and spleen. Partial pancreatectomy was planned and 
performed on the basis of the location of the mass 
using a blunt dissection technique and ligation or 
vessel sealing devices as previously described.24 En-
larged lymph nodes were removed, and any abnor-
mality observed in the liver was biopsied or removed 
if deemed suspicious of metastasis.

A BG reading was obtained at the start of the 
laparotomy with blood obtained from a central line 
and measured with the same handheld machine 
used preinduction. Blood glucose was measured 
again immediately after the main pancreatic mass 
was removed and repeated after removal of any 
suspected metastatic lesion. Surgery was consid-
ered complete only when the BG level had returned 
to normal and, ideally, observed to be consistently 
rising with serial sampling.

Following recovery from surgery and anesthe-
sia, BG was monitored every 2 hours on the first 
day. If sustained hyperglycemia or normoglycemia 
was achieved, BG readings were spaced to every 6 
to 12 hours on the subsequent days. Standard pro-

tocols were established in case transitory hypergly-
cemia or hypoglycemia occurred. If BG increased to 
over 20 mmol/L (360 mg/dL), neutral insulin (0.25 
U/kg, SC, q 12 h) was given with the goal of main-
taining BG within a range of 10 to 20 mmol/L (180 
to 360 mg/dL). If BG was 2.5 mmol/L (45 mg/dL) 
or lower, a glucose bolus (0.5 ml of 50% dextrose/kg 
diluted 1:4 and administered IV over 5 minutes) was 
administered, followed by a continuous infusion of 
dextrose 2.5%.

For the purposes of writing and comprehending 
this article, the statement “completeness of resec-
tion” was used for “a thorough excision of macro-
scopic and actively insulin-secreting tumoral tissue.”

Data analysis
Descriptive statistics were analyzed for all vari-

ables with GraphPad Prism (GraphPad Software). 
The Shapiro-Wilk test was used to analyze normality 
of distribution of continuous variables, and normally 
distributed data were reported as mean (SD). Uni-
variate logistic regression analysis was performed to 
assess the association between continuous and bi-
nomial variables such as body weight, age, BG mea-
surements, △BG, mitotic index, stage, MST, and DFI 
with development of any complications, pancreati-
tis, or hyperglycemia. A value of P < .05 was consid-
ered significant. The sample size was considered too 
small for multivariate analysis.

Survival analysis was performed with R (ver-
sion 2.8.1; R Foundation for Statistical Computing). 
Deaths from tumor and recurrence of hypoglycemia 
were defined end points for the study, defined as 
survival time and DFI, respectively. The Kaplan-Meier 
method was used to calculate survival times and DFI, 
and univariate Cox regression analysis was used to 
determine the influence of body weight, age, and 
△BG on either survival or DFI. A value of P < .05 was 
considered significant.

Results
Demographics and diagnoses

Eleven dogs underwent partial pancreatectomy 
as treatment for insulinoma and were included in 
the study population (Supplementary Table S1). 
These included 2 Boxers, 1 Jack Russell Terrier, 1 
West Highland White Terrier, 1 Golden Retriever, 1 
Flat Coat Retriever, 1 Labrador Retriever, 1 Shetland 
Sheepdog, 1 English Springer Spaniel, and 2 cross 
breeds. The mean age at surgery was 8.5 years old 
(range, 4.1 to 12.2 years old) and mean body weight 
was 22.7 kg (range, 10 to 31.7 kg). Nine dogs were 
neutered females, and 2 dogs were neutered males.

Blood analysis revealed elevated insulin levels 
with concurrent hypoglycemia in 7/11 dogs and 
paradoxically high-normal insulin levels with concur-
rent hypoglycemia in 4/11 dogs. A contrast CT scan 
was performed in 9/11 cases. From these scans, a 
solitary pancreatic mass was identified in 6/11 dogs, 
abdominal lymphadenopathy in 7/11 dogs, and liver 
abnormalities suspicious of metastasis in 3/11 dogs.
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BG measurements
All but 1 (10/11) dog had BG measurements 

obtained prior to induction and at regular intervals 
during the surgery. One case did not have BG record-
ings at the first surgery; this patient was included in 
the study because BG measurements were obtained 
during a second surgery.

The mean preinduction BG of all patients was 3.3 
± 1.1 mmol/L (59.4 ± 19.8 mg/dL), and the mean BG 
at the end of surgery was 9.7 ± 4.4 mmol/L (174.6 ± 
79.2 mg/dL) with a mean difference from the end to 
the beginning of the surgery of 6.35 ± 4.5 mmol/L 
(114.3 ± 81 mg/dL) and with a positive increase in 
BG in all cases. The mean minimum and maximum 
postoperative BG were 9.43 ± 11.29 mmol/L (169.74 
± 203.22 mg/dL) and 20.15 ± 11.29 mmol/L (362.7 
± 203.22 mg/dL). A slight to moderate rise in BG 
was observed in most of the cases (No. 1, 2, 3, 4, 
5, 7 [recurrence], 8 [recurrence], 9, 10, and 11) af-
ter removing the primary pancreatic mass. In some 
cases (No. 1, 5, 7 [recurrence], 9, 10, and 11), this 
was followed by a continuous, slowly progressive in-
crease of BG. This observation was more likely when 
no other abnormal tissue could be identified during 
exploratory surgery of the abdomen. In some other 
cases (No. 2, 3, 4, and 8 [recurrence]), the first rise 
was followed by a BG drop after removal of the pri-
mary pancreatic mass and subsequently followed 
by a late increase when more tumoral tissue was 
excised. In the remaining cases (No. 5 [recurrence], 
6, and 7), the BG remained low after removal of the 
primary pancreatic mass but had a late increase af-
ter further tumoral tissue was excised. For the cases 
in which the BG remained low or decreased after a 
first rise, the surgeon continued exploring for further 
grossly abnormal tissues. Once subsequent grossly 
abnormal tissue was resected, another BG reading 
was obtained. In some cases, several grossly abnor-
mal lesions were removed until an increase of BG was 
finally observed.

Postoperative findings
Hypoglycemia, hyperglycemia, or pancreatitis 

was not reported in 6/11 dogs (No. 1, 4, 5, 6, 10, 
and 11). Three dogs (No. 7, 8, and 9) experienced 
sustained postoperative hyperglycemia during the 
hospitalization time and were treated with insulin as 
previously described. One case (No. 8) developed 
signs of pancreatitis and was treated with support-
ive care until recovery to discharge. One case (No. 2) 
remained hypoglycemic immediately after surgery. 
This dog had an indistinct, contrast-enhancing lesion 
on the cranial aspect of the right medial liver lobe, 
which was not readily accessed at surgery, and the 
owner declined hilar resection of this lobe. Due to 
the persistent hypoglycemia, incomplete insulinoma 
resection was suspected. Treatment with toceranib 
phosphate (1.6 mg/kg, q 48 to 72 h) and predniso-
lone (0.25 mg/kg, once daily) was started; this med-
ication helped maintained a euglycemic state. This 
dog remained stable until hypoglycemia was de-
tected 303 days after surgery. At this time, the dose 
of toceranib phosphate was increased to 2.6 mg/

kg, PO, once a week, with prednisolone continued at 
previous levels. The dog was eventually euthanized 
418 days after surgery. Late complications occurred 
in 1 case (No. 3), revealing signs of hyperglycemia 
and pancreatitis 3 months after surgery.

Histopathology
Histopathology confirmed the diagnosis of neu-

roendocrine carcinoma in all cases. The mean mitotic 
count was 7.7 mitoses/10 hpf (mitotic count range, 
0 to 30). At the time of the first surgery, metastatic 
lymph nodes were found in 5/11 dogs. The pancre-
atic lymph node was affected in 2 cases (No. 4 and 
10), a mesenteric lymph node in 1 case (No. 6), and 
the exact lymph node was not recorded in 2 cases 
(No. 2 and 11). Liver metastasis was encountered in 
2/11 cases (No. 2 and 9).

Disease-free interval
Mean follow-up was 611 days (range, 186 to 

1,375 days). Eight of 11 dogs suffered recurrence of 
the insulinoma at a mean of 390 days (range, 3 to 
816 days). The median DFI was 382 days (Figure 1). 

If the only case suffering persistence of hypoglyce-
mia immediately postsurgery due to suspected in-
complete tumor resection were censored, the mean 
time of recurrence would be 487 days.

Survival times
The MST of all dogs was 762 days (Figure 2). 

Four of 11 dogs were still alive at the time of data 
collection with an MST of 452 days (range, 186 to 
951 days). Case No. 8 (recurrence) was still alive 224 
days after the second surgery. All deceased dogs had 
insulinoma recurrence, and at least 5 of them were 
suspected to have been euthanized due to clinical 
signs relating to this disease.

Figure 1—Kaplan-Meier curve depicting the disease-
free interval of the 8 dogs that suffered recurrence dur-
ing the study period. The median disease-free interval 
was 382 days (range, 3 to 816 days).
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Recurrences
Three cases (No. 5, 7, and 8) were operated a 

second time after experiencing insulinoma recur-
rence (Supplementary Table S2). Laboratory analy-
sis revealed normal levels of insulin concurrent with 
hypoglycemia in all 3 cases. Lymphadenopathy (3/3) 
and liver nodules (2/3) were revealed on contrast CT 
scan assessment.

Recurrence of the insulinoma was detected at 
816, 382, and 676 days after the first surgery (mean, 
625 days), and a second exploratory surgery was 
performed in these cases 818, 444, and 678 days 
after the initial surgery (cases No. 5, 7, and 8, re-
spectively). One of the cases (No. 5) had metastatic 
lymph nodes removed at the first treatment; further 
lymph nodes were found to be affected during the 
second treatment. In the other 2 cases, no metasta-
sis had been found at first treatment but metastasis 
to the lymph nodes (2) and liver (1) were found at 
the second treatment. Hyperglycemia was detected 
postoperatively in one of the cases (No. 7).

One of these cases (No. 8) remained alive and 
euglycemic 224 days after the second surgery, giving 
an overall survival time (OST) of 902 days. The other 
2 cases were euthanized at 318 and 557 days after 
this second surgery, resulting in an OST of 762 and 
1,375 days (cases No. 5 and 7, respectively).

Statistical analysis
Results of univariate analysis are reported  

(Tables 1 and 2). The development of any complica-
tions or postoperative hyperglycemia was associated 
with both the minimal (P = .028; P < .001) and maxi-
mal (P < .001; P < .001) postoperative glycemia and 
the BG reading at the end of surgery (P = .006). De-
velopment of postoperative hyperglycemia was also 
associated with the △BG (P = .012). Lower weight 
was associated with development of pancreatitis (P 
= .007). Complications were not found to be associ-

ated with any other variables. No associations were 
found between MST or DFI and signalment data, BG 
values, disease stage, or mitotic index.

Discussion
The current study is the first to use BG mea-

surement intraoperatively to determine when all 
active primary or metastatic lesions had been suc-
cessfully removed during surgical treatment of in-
sulinoma in dogs. Because the half-life of insulin 
is limited to a few minutes,25 increases in BG can 
be observed shortly after removal of any actively 
secreting tumor tissue. An intraoperative increase 
in BG is surrogate evidence that all gross deposits 
of insulin-producing tumoral tissue have been re-
moved, leading to an improved prognosis. The MST 
of dogs in this study was 762 days, which compared 
favorably with previously reported MST of 308 to 
381 days.15,26 While 2 studies1,4 have reported simi-
lar MST to the current study (725 to 785 days), case 
selection in those studies tended to be biased to-
ward the management of stage 1 disease only. In 
the current study, almost 65% of dogs had metastat-
ic disease at the time of surgery, compared to 55% 
and 32% metastasis found in these previous stud-
ies.1,4 The findings of this study therefore suggest 
that intraoperative measurement of BG can guide 
the surgeon in assessing for a more thorough re-
section of actively insulin-secreting neoplastic tis-

Figure 2—Kaplan-Meier curve depicting survival time of 
the 7 dogs that died prior to data collection. The medi-
an survival time was 762 days (range, 186 to 951 days).

Table 1—Logistic regression (P values).

Variables Complications Pancreatitis Hyperglycemia

Age .443 .717 .922
Weight .590 <.001a .881
DFI .091 .137 .545
MST .064 — .160
Preinduction BG .794 .458 .418
End surgery BG .019a — <.001a

△BG .063 — .012a

Minimum .028a .067 <.001a

 postoperative
  BG
Maximum <.001a .583 <.001a

  postoperative
  BG
Mitotic index .213 .961 .313
Stage .704 — .218

BG = Blood glucose. △BG = Difference in blood glucose. DFI = 
Disease free interval. MI = Mitotic index. MST = Median survival time. 

aStatistically significant.

Table 2—Univariate Cox regression analysis results.
 MST  DFI
 hazard  hazard 
Variables ratio P value ratio P value

Stage 0.86 .842 0.87 .826
MI 1.01 .829 0.99 .839
Age 1.37 .364 1.82 .147
△BG 1.02 .501 1.02 .563
Weight 0.98 .669 0.98 .668

△BG = Difference in blood glucose. DFI = Disease-free in-
terval. MI = Mitotic index. MST = Median survival time.
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sue, with persistent hypoglycemia suggested to be 
associated with remaining tumoral tissue. It also 
suggests that more complete removal of actively 
secreting tumor tissue can lead to improved clinical 
outcomes for patients with insulinoma.

Previously reported overall MST for dogs with 
insulinoma has been relatively wide, with a tenden-
cy of shorter survival times in earlier studies com-
pared to more recent ones. Surgical treatment has 
consistently been shown to increase survival (34 to 
785 days) in comparison to medical treatment (74 to 
308 days).1,4,7,9,12,15,26,27 Ryan et al27 found that surgi-
cally treated dogs are 3-fold more likely to survive, 
2 times as likely to survive 1 year, and 6-fold more 
likely to survive 2 years than medically treated dogs. 
In the same study, neutering status regardless of sex 
was a good prognostic factor for survival.27

In previous studies, relapse of clinical signs has 
been reported as soon as at 90 days postsurgery.15 
Tumor stage and postoperative hypoglycemia has 
been associated with greater odds of relapse.5,7 Me-
dian DFI was reported to be as low as 244 and 275 
days7,10 and as high as 496, 403, or 424 days.1,9,12 
However, the latter studies had fewer cases pre-
senting with metastasis within their study popula-
tion (32%, 45%, and 55%),1,9,12 compared to our study 
(63%). In the current study, tumor stage and mitotic 
index were not associated with the DFI or MST. We 
suspected that the long MST and DFI obtained in this 
study despite the high percentage of metastatic dis-
ease displayed at the time of surgical treatment was 
due to higher likeliness of complete excision of the 
actively secreting insulinoma and its metastasis, with 
surgery effectively downstaging all patients to resid-
ual microscopic disease only. However, the data of 
our study cannot be directly compared to previous 
studies, given the lack of rigorous matching between 
the included cases. Also, factors such as biases due 
to the retrospective nature of this study or changes 
in clinical practices over time might have affected 
the differences encountered.

Only 1 case remained hypoglycemic immedi-
ately after surgery. This dog experienced a lower 
survival time compared to the MST of the rest of 
the cases at the end of the study. In previous stud-
ies, persistent hypoglycemia immediately following 
surgery has been reported in 20% to 35% of patients 
and is suggested to be due to incomplete tumor re-
section.1 A survival advantage for being normogly-
cemic at the close of surgery, with MST of 746 days 
versus MST of 114 days in hypoglycemic dogs, has 
been previously reported,12 with an increased death 
hazard ratio (4.9 and 7.3) also described for persis-
tently hypoglycemic dogs7,12

Metastatic disease at presentation has mostly 
been associated with poorer prognosis in the past, 
with mean survival time of 652 to 785 days in stage 
1, 574 days in stage 2, 182 to 217 days in stage 
3, and 320 days in combined stage 2 and 3.7,12 As 
a result, there are controversial views on surgical 
treatment in dogs with insulinoma at stage 2 and 3. 
However, Hixon et al4 did not find any association 
between stage and survival, and neither mitotic in-

dex nor histopathologic stage were associated with 
MST. Our results were consistent with this, report-
ing no association between tumor stage and OST or 
DFI. Given that most of the dogs with insulinoma are 
considered to suffer metastasis at the time of diag-
nosis,8 the authors suggest that the surgical strat-
egy detailed in this paper allows downstaging of the 
tumor. Results of this study indicated that surgical 
treatment of cases at stage 2 and 3, with BG levels 
measured to ensure complete metastasectomy has 
been achieved, can provide considerably improved 
outcomes in dogs with insulinoma.

Three of the cases in this study (2 stage 2 and 1 
stage 3) underwent a second surgical treatment to 
resect new insulin-producing metastases following 
recurrence of hypoglycemia. The mean DFI of these 
cases after the second surgery was 326 days (range, 
182 to 557 days); 2 cases died at 557 and 318 days af-
ter the second surgery. The third case was still alive at 
224 days after the second surgery. The OST of these 3 
cases was 762, 951, and 1,375 days. The long OST of 
these cases suggests that repeated metastasectomy 
of insulinoma is a well-tolerated intervention and can 
provide a further period of disease stability.

The challenges that laboratory and imaging tech-
niques provide for the diagnosis of insulinoma can 
lead to higher risk of incomplete tumor resection dur-
ing surgical treatment, which impacts negatively on 
patient survival. To the authors’ knowledge, intraop-
erative monitoring of BG during insulinoma resection 
has not been previously described in the canine spe-
cies. However, in humans, monitoring of glucose lev-
els has been used as a guide to the completeness of 
insulinoma resection, with increase of glycemia being 
consistent with complete insulin-producing tissue re-
sected and persistent low glycemia being consistent 
with additional primary or metastatic neoplastic tissue 
not identified.28–30 An increase in BG has been shown in 
both adult and pediatric patients once the insulin-pro-
ducing tissue has been completely resected and has 
assisted with the anesthesia protocol and maintenance 
of normoglycemia in the younger group.31–33 However, 
this technique has been questioned by some,34 and 
a delayed rather than immediate response has also 
been reported.30 Serum insulin decrease, assessed 
with 30-minute-long radioimmunoassay, has also been 
successfully used to assess for complete resection of 
insulin-producing tissues in humans, with significant 
differences compared to noninsulinoma laparotomy 
cases.32,35 Serum insulin changes are suggested to be 
more significant compared to changes in BG levels.32 
Selective portal venous sampling for serum insulin 
analysis has also been described in humans, assisting 
in the localization of primary insulinomas.36 Intraopera-
tive insulin assessment in dogs would be challenging 
given the limited availability to perform this test in-
house in most hospitals.

The main limitations of this study were inherent 
in its retrospective design. Data recording was not 
standardized prior to the performance of any of the 
included cases, and the results obtained relied on 
the accuracy of the clinical records. Long-term fol-
low-up was mostly performed at the referring prac-

Unauthenticated | Downloaded 09/05/24 01:20 PM UTC



 JAVMA  |  FEBRUARY 2023  |  VOL 261  |  NO. 2 235

tice, and detection of clinical signs, medical manage-
ment once recurrence was observed, and accuracy 
of the clinical notes may have had some influence on 
the results. The small number of included cases may 
have also induced a type II statistical error, and the 
lack of a control group prevented our ability to con-
trast and confirm the results.

The results of this study suggested that intra-
operative measurement of BG levels during insuli-
noma resection and, more specifically, observing 
rising glycemia levels can be used as a tool for the 
surgeon to assess for completeness of actively 
insulin-secreting neoplastic tissue resection. This 
could subsequently have an impact on good out-
comes in terms of mean survival time and DFI. 
Further prospective investigations with a larger 
number of cases and a control group not suffer-
ing insulinoma would be necessary to assess the 
accuracy of intraoperative BG monitoring and the 
completeness of primary and metastatic insuli-
noma resection and to assess the specificity and 
sensitivity of this technique.
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