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Abstract
Background The blood glucose level is an important biochemical parameter for evaluating the resection
effectiveness of insulinomas. However, whether other biochemical parameters have better evaluating
ability remains unclear. The current study aims to compare the evaluating capability of blood glucose
and insulin levels at several aspects, such as the accuracy and response time.

Methods Between September 2017 and July 2018, 21 insulinoma patients with single tumor who
underwent surgical resection were enrolled. Peripheral venous blood samples were assayed for blood
glucose and insulin levels on the day of surgery and at 30 minutes, 60 minutes, 1 day, and 7 days after
surgery. The evaluating abilities of blood glucose and insulin levels for resection effectiveness were
recorded and compared.

Results The evaluating performance of the insulin level was better than that of the blood glucose level
(100% for 21 patients vs 82.4% for 17 patients), as well as the response time ( p<0.0001). Furthermore,
the insulin level was not effected by intravenous glucose infusion compared to the blood glucose level.

Conclusions Comparing with blood glucose level, insulin level is a better parameter for evaluating
resection effectiveness of insulinomas with faster response and regardless of perioperative intravenous
glucose infusion.

Background
Pancreatic neuroendocrine tumors (PanNETs) arise from neuroendocrine cells, which are a
heterogeneous group of tumors(1). The incidence and prevalence appears to be increasing with
development of imaging technologies(2–4). PanNETs include non-functional PanNETs (NF-PanNETs)
and functional PanNETs, according to whether they secrete excess functional hormones(5, 6).

Insulinomas are the most common functional PanNETs, with a reported incidence of 1-4/1,000,000
persons(7–11). The hypersecretion of insulin causes serious hypoglycaemic and neuroglycopenic
symptoms, including fatigue, headache, sweating, and dizziness(12, 13). For insulinomas, complete
resection of tumor achieves the dual goals of hormone control and oncological bene�t. The �rst goal
requires special attention due to the tumor’s relatively indolent biological behavior(14). At present,
surgical resection is the only potentially curative treatment(15–18). It has previously been observed that
surgical management was satisfactory for most patients with insulinoma, with a 7% recurrence after
surgery(19). Failure to achieve symptomatic improvement after resection has been associated with worse
recurrence-free survival (RFS)(20). Considering these points together, surgeons should con�rm resection
outcomes after the surgical procedure(21).

It has been demonstrated that blood glucose monitoring can diagnose insulinomas and insulinoma-
induced hypoglycemia(22, 23). Rebound hyperglycemia was regarded as a biochemical cure for
insulinoma after surgery(24). Continuous glucose monitoring (CGM) might be useful for evaluating
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surgical outcomes. That blood glucose levels increase to more than 5.56 mmol/L or double
postoperatively was considered the criteria for complete resection(25–27).

The present study aimed to explore the evaluating ability of blood glucose and insulin levels for the
complete resection of insulinomas. Finally, the superiority of insulin level for evaluating resection
effectiveness was observed, both in predictive accuracy and response time.

Methods

Patient selection and sample collection
The study was approved by the Institutional Review Board of Peking Union Medical College Hospital
(PUMCH), Chinese Academy of Medical Sciences. All of the patients provided signed informed consent
before participation.

The inclusion criteria were as follows: 1) clinical diagnosis of insulinomas according to the published
criteria(28, 29); 2) pathological diagnoses of G1, G2, or well-differentiated G3 PanNETs. The exclusion
criteria were as follows: 1) clinical diagnosis of Multiple endocrine neoplasm - Type I (MEN-I); 2) without
pancreatic imaging (computed tomography or magnetic resonance imaging) to evaluate the surgical
outcome at follow-up. Then the study enrolled a total of 21 patients with insulinoma who underwent
surgical procedure, which was conducted at PUMCH between September 2017 and July 2018.

Peripheral venous blood samples were assayed for blood glucose and insulin concentrations on the day
of surgery and at 30 minutes, 60 minutes, 1 day, and 7 days after surgery. The assay method for blood
glucose level is the hexokinase method, while the insulin level is tested by chemiluminescent
immunoassay. The standard levels of blood glucose and insulin are de�ned as 3.9-6.1 mmol/L and 5.2-
17.2 µIU/mL, respectively. At follow-up, the tumor was considered to be completely resected if patients
were asymptomatic, and imaging workups con�rmed no abnormal pancreatic lesions 6 months after
surgery.

Statistical analysis
The Shapiro-Wilk test was used to test the normality of the data. Continuous data following a normal
distribution are presented as the mean ± standard deviation (SD). Non-normally distributed data are
presented as the median and interquartile range (IQR). Student’s t-test was used for continuous data with
normal distributions, while the continuous variables that failed the normality test were tested using the
Mann-Whitney U test. While comparing the response speed for complete resection, parameters were log10

transformed to eliminate the enormous differences in the order of magnitude and the slope of
transformed value was used. The statistical signi�cance was set at p<0.05. All of the statistical analysis
was performed using SPSS software, version 24.0.

Results
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Clinicopathological characteristics
The present study included 21 insulinoma patients consisted of 7 men and 14 women. Their basic
characteristics are shown in Table 1. The mean age of the study population was 47.1±11.6 years old and
the mean body mass index (BMI) was 27.8±3.2 kg/m2. Open surgery was performed on two patients, and
the others underwent laparoscopic surgery. Four patients were treated with intravenous glucose infusion
to avoid severe and life-threatening hypoglycemia before surgery.

Pathological reports showed that the average tumor size was 13.3±3.3 mm. Tumors were located in the
pancreatic head (n=6), pancreatic body (n=7), pancreatic tail (n=5), and uncinate process of the pancreas
(n=3). The tumors of all patients were considered to be completely resected with a median follow-up of
25 months.
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Table 1
Characteristics of 21 patients with insulinoma

Race Chinese

Age (years)* 47.1 (11.6)

Male: Female 7: 14

BMI (kg/m2)* 27.8 (3.2)

Tumor size (mm)* 13.3 (3.3)

Tumor location (n,%)  

Pancreatic head 6 (28.6%)

Pancreatic body 7 (33.3%)

Pancreatic tail 5 (23.8%)

Pancreatic uncinate process 3 (14.3%)

Operations (n,%)  

LS-EN 15 (71.3%)

LS-SP 3 (14.3%)

LS-SPDP 1 (4.8%)

OS-SP 1 (4.8%)

OS-PD 1 (4.8%)

Glucose infusion  

Yes 4 (19%)

No 17 (81%)

Histological grade (n,%)  

G1 11 (52.4%)

G2 10 (47.6%)

*Mean (standard deviation). LS, laparoscopic surgery; EN, enucleation of the insulinoma; SP,
segmental pancreatectomy; SPDP, spleen-preserving distal pancreatectomy; OS, open surgery; PD,
pancreaticoduodenectomy.

The perioperative changing trends of blood glucose and insulin levels in patients

Intravenous infusion of glucose could affect the actual condition of the blood glucose level. Therefore,
patients with and without glucose infusion were separated into two groups. The preoperative blood
glucose levels of patients with glucose infusion were signi�cantly higher (p<0.001). However, there was
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no difference between the two groups after 30 minutes after surgery. The blood glucose level of both two
groups reached the highest level at 1 day after surgery, then decreased to the standard level and was
maintained (Fig. 1A).

The insulin level was not affected by glucose infusion and decreased over time after surgery. There was
no statistical difference in the insulin level between the two groups. The level of blood insulin decreased
rapidly after the tumor was resected and �uctuated mildly within the standard range (Fig. 1B).

The eavluating ability of different criteria of blood glucose levels

In consideration of the effect of exogenous glucose, the blood glucose level should only be used in
patients without preoperative glucose infusion. The blood glucose level increased to more than 5.56
mmol/L or doubled 1 hour after resection was considered as the criteria for complete resection as
previously reported. There were 52.9% (9/17) and 76.5% (13/17) patients meet the criteria above at 30
and 60 minutes after surgery, respectively.

The Superiority Of Insulin Levels For Evaluating Complete
Resection
As mentioned before, no statistical difference in insulin levels was found between patients with or
without glucose infusion before surgery. The response speed of insulin levels was also compared
between these two groups, as a result, there was also no signi�cant difference at postoperative 30
minutes (p=0.4237, Fig. 2A). Therefore glucose infusion didn’t affect the ability of insulin level to evaluate
complete resection.

For all patients, there was an apparent decrease in insulin levels after tumor resected, which was
maintained within the standard range at 30 and 60 minutes after surgery. The evaluating abilities were
both 100% (21/21) if an insulin level less than the upper limit of the standard range was considered as
the criterion for complete resection.

The blood glucose and insulin levels of 17 patients without glucose infusion were used to compare the
response speed for evaluating resection completeness (Fig. 2B). The decreasing speed of insulin levels
was much faster than the increasing speed of blood glucose levels at 30 minutes after surgery
(-0.85±0.38 vs +0.23±0.17, p<0.0001. “+” and “-” indicate an increase or a decrease in levels). However,
there was no statistical difference at 60 minutes after surgery (-0.19±0.28 vs +0.08±0.11, p=0.1183).

Discussion
Currently, blood glucose monitoring after surgery is routinely used to evaluate the complete resection of
insulinomas. However, there are prerequisites for the application of blood glucose levels: �rstly, the
preoperative blood glucose level must be low so that it is easier to observe the increasing change.
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Secondly, a portion of patients need intravenous glucose infusion to avoid life-threatening hypoglycemia,
which would disturb the actual condition of endogenous blood glucose levels. Accordingly, under this
circumstances, blood glucose monitoring could not be used for these patients. Therefore, the
effectiveness of blood glucose levels is limited in acting as a parameter for evaluating the effect of
complete resection of insulinomas.

As the aforementioned data demonstrated, the insulin level is relatively free from intravenous glucose
infusion compared with the blood glucose level. In order to avoid severe hypoglycemia, patients with
insulinoma can be treated with intravenous glucose infusion routinely before and during the operation
without the worries of affecting the endogenous blood glucose level. Therefor it makes the insulin level
more generally applicable to evaluating the complete resection of insulinoma.

Insulinomas are functional PanNETs automatically secreting insulin, and the insulin level can directly
re�ect the status of the tumor. The insulin level decreases sharply at 30 minutes after surgery and then it
increases gradually, indicating that the insulin level was minimized within 30 minutes postoperatively.
Compared with the insulin level, the response speed of the blood glucose level was relatively slower. The
evaluating ability of the insulin level was better than that of the blood glucose level, both for the
predictive accuracy and for response speed.

Previous studies have demonstrated that intraoperative insulin monitoring can reliably evaluate the
complete removal of insulinomas(21, 30). However, these studies mainly described the application of
insulin level. In our study, we compared the evaluating ability at multiple aspects between the blood
glucose and insulin levels, con�rming the superiority of insulin level in to blood glucose level.

The utility of insulin levels for evaluating complete resection of insulinoma is a trend. Perhaps insulin
levels assayed less than 30 minutes after resection also have excellent predictive ability. It is possible to
evaluate resection effectiveness earlier, which will be the next step of our study. The blood glucose level
can be assayed within only 5 seconds. However, the test method of insulin level is more complicated than
the blood glucose level. More convenient and rapid methods for testing insulin levels should be explored
to allow for a broad range of applications, including for evaluating the complete resection of insulinoma.

About 10% insulinomas are with multiple leisions. We included insulinoma patients with single leision in
this research in order to easily insure that the complete resection has been achieved de�nitely. Obtaining
above-mentioned data, we are going to include insulinomas with multiple leisions in the further research,
and study the effect of measuring the insulin level on evaluating the complete resection of multiple
insulinomas.

Conclusions
In conclusion, peripheral blood insulin level is a better parameter, with faster response and regardless of
perioperative intravenous glucose infusion, for evaluating resection effectiveness of insulinomas
compared to blood glucose level.
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Abbreviations
PanNET
pancreatic neuroendocrine tumor
NF-PanNET
non-functional pancreatic neuroendocrine tumor
RFS
recurrence-free survival
CGM
continuous glucose monitoring
PUMCH
Peking Union Medical College Hospital
MEN-I
Multiple endocrine neoplasm - Type I
SD
standard deviation
IQR
interquartile range
BMI
body mass index.

Declarations
Ethics approval and consent to participate All methods and clinical data during the current study were
performed in accordance with the Declaration of Helsinki.Meanwhile, verbal informed consent was
obtained from all participants and the study protocol was approved by the Institutional Review Board
(IRB) of PUMCH, Chinese Academy of Medical Sciences (S-K1203). 

Consent for publication Not applicable.

Availability of data and materials All data generated and analysed during the current study are included
in this published article.

Competing interests The authors declare that they have no con�ict of interest.

Funding This work was funded by grants from CAMS Innovation Fund for Medical Sciences (CIFMS)
2017-I2M-1-001, CAMS Innovation Fund for Medical Sciences (CIFMS) 2019-12M-1-001, and CAMS
Innovation Fund for Medical Sciences (CIFMS) 2016-I2M-3-005.

Authors’ contributions Conception and design: YPZ, WMW, LC, RJ, XFH; Collection and assembly of data:
XQC, YYH, JLJ, LC; Data analysis and interpretion: LC, RJ; Manuscript writing: LC, RJ. All authors reviewed
and approved the �nal manuscript.



Page 10/13

Acknowledgments Not applicable.

References
1. Hong X, Qiao S, Li F, Wang W, Jiang R, Wu H, et al. Whole-genome sequencing reveals distinct genetic

bases for insulinomas and non-functional pancreatic neuroendocrine tumours: leading to a new
classi�cation system. Gut. 2020;69(5):877–87.

2. Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y, et al. Trends in the Incidence, Prevalence, and
Survival Outcomes in Patients With Neuroendocrine Tumors in the United States. JAMA Oncol.
2017;3(10):1335–42.

3. Yao JC, Hassan M, Phan A, Dagohoy C, Leary C, Mares JE, et al. One hundred years after "carcinoid":
epidemiology of and prognostic factors for neuroendocrine tumors in 35,825 cases in the United
States. J Clin Oncol. 2008;26(18):3063–72.

4. Hallet J, Law CH, Cukier M, Saskin R, Liu N, Singh S. Exploring the rising incidence of neuroendocrine
tumors: a population-based analysis of epidemiology, metastatic presentation, and outcomes.
Cancer. 2015;121(4):589–97.

5. Lin Cong WW, Wenhui Lou. Gastroenteropancreatic neuroendocrine tumor registry study in China.
Journal of Pancreatology. 2018;1(1):35–8.

�. Jiang R, Hong X, Zhao Y, Wu W. Application of multiomics sequencing and advances in the
molecular mechanisms of pancreatic neuroendocrine neoplasms. Cancer Lett. 2021;499:39–48.

7. Service FJ, McMahon MM, O'Brien PC, Ballard DJ. Functioning insulinoma--incidence, recurrence, and
long-term survival of patients: a 60-year study. Mayo Clin Proc. 1991;66(7):711-9.

�. Metz DC, Jensen RT. Gastrointestinal Neuroendocrine Tumors: Pancreatic Endocrine Tumors.
Gastroenterology. 2008;135(5):1469–92.

9. Kulke MH, Anthony LB, Bushnell DL, de Herder WW, Goldsmith SJ, Klimstra DS, et al. NANETS
Treatment Guidelines Well-Differentiated Neuroendocrine Tumors of the Stomach and Pancreas.
Pancreas. 2010;39(6):735–52.

10. de Herder WW, Niederle B, Scoazec JY, Pauwels S, Kloppel G, Falconi M, et al. Well-differentiated
pancreatic tumor/carcinoma: Insulinoma. Neuroendocrinology. 2006;84(3):183–8.

11. Falconi M, Eriksson B, Kaltsas G, Bartsch DK, Capdevila J, Caplin M, et al. ENETS Consensus
Guidelines Update for the Management of Patients with Functional Pancreatic Neuroendocrine
Tumors and Non-Functional Pancreatic Neuroendocrine Tumors. Neuroendocrinology.
2016;103(2):153–71.

12. Dai H, Chen H, Hong X, Han X, Xu Q, Pang H, et al. Early detection of cognitive impairment in patients
with insulinoma. Endocrine. 2019;65(3):524–30.

13. Su AP, Ke NW, Zhang Y, Liu XB, Hu WM, Tian BL, et al. Is laparoscopic approach for pancreatic
insulinomas safe? Results of a systematic review and meta-analysis. J Surg Res. 2014;186(1):126–
34.



Page 11/13

14. Bilimoria KY, Talamonti MS, Tomlinson JS, Stewart AK, Winchester DP, Ko CY, et al. Prognostic score
predicting survival after resection of pancreatic neuroendocrine tumors - Analysis of 3851 patients.
Ann Surg. 2008;247(3):490–500.

15. Finlayson E, Clark OH. Surgical treatment of insulinomas. Surg Clin N Am. 2004;84(3):775-+.

1�. Soga J, Yakuwa Y, Osaka M. Insulinoma/hypoglycemic syndrome: A statistical evaluation of 1085
reported cases of a Japanese series. J Exp Clin Canc Res. 1998;17(4):379–88.

17. Okabayashi T, Shima Y, Sumiyoshi T, Kozuki A, Ito S, Ogawa Y, et al. Diagnosis and management of
insulinoma. World J Gastroentero. 2013;19(6):829–37.

1�. Bel�ori G, Wiese D, Partelli S, Wachter S, Maurer E, Crippa S, et al. Minimally Invasive Versus Open
Treatment for Benign Sporadic Insulinoma Comparison of Short-Term and Long-Term Outcomes.
World J Surg. 2018;42(10):3223–30.

19. Gao H, Liu L, Wang W, Xu H, Jin K, Wu C, et al. Novel recurrence risk strati�cation of resected
pancreatic neuroendocrine tumor. Cancer Lett. 2018;412:188–93.

20. Mehrabi A, Fischer L, Hafezi M, Dirlewanger A, Grenacher L, Diener MK, et al. A systematic review of
localization, surgical treatment options, and outcome of insulinoma. Pancreas. 2014;43(5):675–86.

21. Nakamura Y, Matsushita A, Katsuno A, Yamahatsu K, Sumiyoshi H, Mizuguchi Y, et al. Clinical
outcomes of 15 consecutive patients who underwent laparoscopic insulinoma resection: The
usefulness of monitoring intraoperative blood insulin during laparoscopic pancreatectomy. Asian J
Endosc Surg. 2015;8(3):303–9.

22. Sugawa T, Murakami T, Yabe D, Kashima R, Tatsumi M, Ooshima S, et al. Hypoglycemia
Unawareness in Insulinoma Revealed with Flash Glucose Monitoring Systems. Intern Med.
2018;57(23):3407–12.

23. Gu W, Liu Y, Liu H, Yang G, Guo Q, Du J, et al. Characteristics of glucose metabolism indexes and
continuous glucose monitoring system (CGMS) in patients with insulinoma. Diabetol Metab Syndr.
2017;9:17.

24. Nockel P, Tirosh A, El Lakis M, Gaitanidis A, Merkel R, Patel D, et al. Incidence and management of
postoperative hyperglycemia in patients undergoing insulinoma resection. Endocrine.
2018;61(3):422–7.

25. Kikuchi T, Chujo D, Takahashi K, Takahashi N, Tanno Y, Tonoike M, et al. Insulinoma Presenting with
Reactive Hypoglycemia: Evaluating the Effect of Tumor Resection via Continuous Glucose
Monitoring. Intern Med. 2017;56(22):3067–71.

2�. M. BUYSSCHAERT LL, M. REYNAERT, P. J. KESTENS, J. M. KETELSLEGERS,A. E. LAMBERT. Use of an
extracorporeal glucose monitor for the diagnosis and surgical treatment of an insulinoma. The
British Journal of Surgery. 1980;67:841–4.

27. Munir A, Choudhary P, Harrison B, Heller S, Newell-Price J. Continuous glucose monitoring in patients
with insulinoma. Clin Endocrinol (Oxf). 2008;68(6):912–8.

2�. Dai H, Xu Q, Hong X, Wang X, Pang H, Wu W, et al. Surgery in overweight patients with insulinoma:
effects on weight loss. Scand J Gastroenterol. 2017;52(9):1037–41.



Page 12/13

29. Tian F, Hong XF, Wu WM, Han XL, Wang MY, Cong L, et al. Propensity score-matched analysis of
robotic versus open surgical enucleation for small pancreatic neuroendocrine tumours. Br J Surg.
2016;103(10):1358–64.

30. Carneiro DM, Levi JU, Irvin GL, 3rd. Rapid insulin assay for intraoperative con�rmation of complete
resection of insulinomas. Surgery. 2002;132(6):937–42; discussion 42-3.

Figures

Figure 1

The trends of blood glucose and insulin levels in insulinoma patients. (A-B) The overall trends of blood
glucose and insulin levels in patients with or without glucose infusion. The area between the dotted lines
represents the standard range.

Figure 2
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The superiority of insulin levels for evaluating complete resection. (A) The levels were log10 transformed
to show the response speed of insulin level. (B) The levels were log10 transformed to compare the
response speeds between patients with and without glucose infusion.


