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Abstract

Background: Clinically relevant-postoperative pancreatic fistula (CR-POPF) is one of
the dreaded complications of pancreatoduodenectomy. Vascularity of the stump of
the pancreas during pancreatico-enteric anastomosis is considered one of the major
determinants of POPF. Indocyanine green (ICG) is one of the modality for vascular
assessment; hence, we aimed to evaluate the role of ICG fluorescence imaging to
assess the vascularity of the pancreatic stump during pancreatoduodenectomy.
Methodology: The study was conducted at Kathmandu Medical College, Kath-
mandu, Nepal, during the period of 1 year (June 01, 2022-July 31, 2023). All of the
patients who were undergoing pancreatoduodenectomy were included in the study.
In all cases, intraoperatively, ICG fluorescence detection at the pancreatic stump
margin was evaluated using near-infrared light.

Results: A total of 28 patients underwent PD during this period. The ICG fluores-
cence imaging was positive at the pancreatic stump margin in 25 out of the 28
patients (89%), and in three cases, the florescence was negative. In patients who had
negative fluorescence, revision of the stump margin was performed. Clinically rel-
evant POPF was noted in 2 out of 28 cases, which had a soft pancreas with a small
duct, although the pancreatic stump margin had good ICG florescence per-
operatively.

Conclusion: ICG is inexpensive and a safe dye to use in clinical practice. We can
objectively assess the pancreatic stump vascularity using intraoperative ICG fluo-

rescence imaging, thereby potentially decreasing postoperative pancreatic fistula.

KEYWORDS

fluorescence, indocyanine green, pancreatic stump, pancreatoduodenectomy, perfusion

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Author(s). Health Science Reports published by Wiley Periodicals LLC.

Health Sci. Rep. 2024;7:€70153.
https://doi.org/10.1002/hsr2.70153

wileyonlinelibrary.com/journal/hsr2 1of4


http://orcid.org/0000-0002-9743-0458
http://orcid.org/0000-0001-7376-5926
http://orcid.org/0000-0001-9212-3179
http://orcid.org/0000-0002-5695-0860
mailto:roshanghimire194@gmail.com
https://onlinelibrary.wiley.com/journal/23988835
http://creativecommons.org/licenses/by-nc-nd/4.0/

20f4 _Health Science Reports
WILEY P

GHIMIRE ET AL.

OpenAccess

1 | INTRODUCTION

Pancreatoduodenectomy (PD) is a major abdominal surgery with a mor-
tality rate of less than 5% but morbidity of 30%-65%." Among surgical
complications, clinically relevant postoperative pancreatic fistula (CR-
POPF) is the most dreaded complication encountered after PD, which
affects mortality rate, length of hospital stay, and costs. The incidence of
POPF is around 6%-14%.2"* Various factors play a role in the develop-
ment of pancreatic fistulas, which include patients general condition
factors, disease-related risk factors, including pancreatic texture and duct
size, procedure-related factors, and surgeons experience.>>~” Among the
various factors, good vascularity of the pancreatic stump has a role in
reducing the incidence of CR-POPF.2

ICG florescence is widely used to detect the vascularity status of the
bowel margin, mainly in colorectal cases,” which can be implemented in
pancreatic surgery as well. Hence, we aimed to evaluate the role of ICG
fluorescence imaging for detection of perfusion at the pancreatic stump

margin in patients undergoing pancreatoduodenectomy.

2 | METHODOLOGY

All patients who underwent pancreatoduodenectomy from June 1,
2022, to July 31, 2023 (1 year) were enrolled in the study. The pa-
tients undergoing laparoscopic surgeries were excluded from the
study. Written consent was obtained from all patients included in the
study and ethical clearance was obtained from the Institutional
Review Board (IRB number: 05042024/01) of Kathmandu Medical
College Teaching Hospital.

2.1 | Study design and end points

This was a hospital-based descriptive study. In adherence to the
principles of rigorous reporting, this study conformed to the revised
Strengthening the Reporting of Observational Studies in Epidemiol-
ogy statement.!® The objectives of the study were to assess the
pancreatic stump margin vascularity using ICG fluorescence imaging
under near-infrared (NIR) light and to correlate the findings with the
incidence of CR-POPF. The definition and classification of POPF
were as per the ISGPS postoperative pancreatic fistula classifica-
tion.2 The same group of surgeons performed all surgeries.

2.2 | Surgical technique
A standard pancreatoduodenectomy was performed, during which
the pancreatic neck transection line was located directly over the
superior mesenteric/portal vein axis.

ICG dosing: 25 milligrams (mg) of powdered ICG were mixed in
10 milliliters (mL) of normal saline (2.5 mg in 1 mL solution), and 3 mL
of the solution was administered intravenously (IV), followed by a
10 mL saline flush. Under NIR light, ICG fluorescence was assessed at

the pancreatic stump margin after 15-45 s of IV administration of
ICG. Stump perfusion adequacy was assessed; homogenous en-
hancement indicated adequate perfusion, and heterogenous or
absent enhancement indicated hypoperfusion. If classified as hypo-
perfusion, the pancreatic margin was revised by 1.5-2.0cm to
improve perfusion and re-assessed using ICG fluorescence imaging.

Pancreatic anastomosis was performed using either pancreati-
cojejunostomy or pancreaticogastrostomy techniques, based on the

surgeon's choice. Postoperatively, the CR-POPF rate was recorded.

2.3 | Data analysis and statistical analysis

The collected data was stored in an electronic database (MS Excel
sheet). The incidence of revision of stump margins based on ICG
fluorescence and the incidence of CR-POPF were recorded. The
results were analyzed using appropriate statistical methods.

3 | RESULTS

A total of 28 patients underwent standard pancreatoduodenectomy
during the study period. Out of the total, 17 patients were male, and
the mean age was 57 +3 years. Details on patient inclusion are
provided in Table 1.

The median postoperative hospital stay was 8 days and ranged
from five to eleven days. The morbidity of the surgical procedures
was graded based on Clavien-Dindo grading (Table 2).

The ICG fluorescence detection at the pancreatic stump margin was
noted in 25 out of the 28 patients intra-operatively (89.2%). Three cases
required revision of the stump margin due to hypoperfusion, for which
the pancreas was cut back 1.5-2.0cm to improve the vascularity and
thus the ICG florescence. Clinically relevant POPF was noted in 2 out of
28 (7.14%) cases, which had soft pancreas with small duct and a diagnosis
of distal cholangiocarcinoma. Both of these cases had good ICG fluo-
rescence peroperatively. The intraoperative assessment of pancreatic
stump perfusion is shown in Figures 1 and 2, where Figure 1 depicts an
inadequately perfused pancreatic stump margin and Figure 2 an ade-
quately perfused pancreatic stump margin. Following a pancreaticogas-
trostomy, Figure 3 illustrates a viable pancreatic stump.

TABLE 1 |Indications of patients undergoing
pancreatoduodenectomy.

S. No. Indications Number (n = 28)
1. Carcinoma head pancreas 10
2 Ampullary mass 9
3. Distal cholangiocarcinoma 6
4 Duodenal carcinoma 1
5. Neuroendocrine tumors 1
6. Chronic pancreatitis 1
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TABLE 2 Categorization of patients based on the Clavien-Dindo

grading.
Morbidity (Clavien-Dindo grading) Number
Grade 1 and 2 17
Grade 3 and 4 3
Grade 5 0

FIGURE 1 Pancreatic stump margin showing inadequate
perfusion.

FIGURE 2 Pancreatic stump margin showing adequate perfusion.

Open Access

FIGURE 3 Pancreatic viable stump after pancreaticogastrostomy.

4 | DISCUSSION

In our series, 25 out of 28 (89.2%) had adequate perfusion, and the
remaining three required revision of the stump. All pancreatico-
enteric anastomosis was performed following the confirmation of
adequate perfusion at the pancreatic stump margin based on ICG
fluorescence imaging.

The importance of adequate vascularity in the pancreatic margin
during PD has been underscored by the study done by Strasberg
et al.212 |n this study, the initial line of transection of the pancreatic
neck was directly over the superior mesenteric/portal vein axis, and
Strasberg et al. noted that 62% of the patients had good vascularity
at the margin based on a naked eye examination. For the rest of the
patient, the pancreatic margin was revised toward the left side to
achieve good vascularity before performing the pancreatico-enteric
anastomosis, which leads to a decrease in the incidence of CR-POPF.

There are several factors that contribute to POPF. One of the main
limitations is the stump's perfusion status. Busnardo et al.'® identified a
hypo-vascular area, located between the isthmus and the body of the
pancreas, along the border of these two portions. Based on this theory,
pancreatic stumps should not include watershed areas.* Adequate vas-
cularity in this area can be assessed with the naked eye; however, ICG
fluorescence imaging enables us to identify and document microvascular
perfusion. In our study, due to poor micro-vascular perfusion status on
ICG imaging in three cases, the pancreatic margin was cut back to the left
side before pancreatico-enteric anastomosis. The ability to detect micro-
vascular perfusion using ICG therefore ensures good vascularity per-
operatively at the pancreatic stump margin, potentially decreasing the
incidence of CR-POPF, which is one of the most dreaded complications
following PD. Even computed tomography perfusion data (arterial flow
and mean transit time) show a correlation with the occurrence of POPF
in PD.*?

However, there were some limitations to the present study. This

study included data from a single center, and other determinants of
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CR-POPF were not assessed adequately, which limited the validity
of the study. Further multicenter, prospective, and rando-
mized controlled trials should be performed to overcome these

limitations.

5 | CONCLUSION

ICG can be a useful tool to assess and document the adequacy of
the vascularity of the pancreatic stump intra-operatively, which
can potentially help to decrease the rate of clinically signifi-
cant POPF.
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