
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2023 August 16; 11(23): 5416-5627

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I August 16, 2023 Volume 11 Issue 23

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 11 Number 23 August 16, 2023

REVIEW

Recent progress in understanding mitokines as diagnostic and therapeutic targets in hepatocellular 
carcinoma

5416

Wang J, Luo LZ, Liang DM, Guo C, Huang ZH, Jian XH, Wen J

ORIGINAL ARTICLE

Retrospective Cohort Study

Clinical characteristics and risk factors of intracranial hemorrhage after spinal surgery5430

Yan X, Yan LR, Ma ZG, Jiang M, Gao Y, Pang Y, Wang WW, Qin ZH, Han YT, You XF, Ruan W, Wang Q

Retrospective Study

Application effect of phloroglucinol injection in elderly patients with spastic abdominal pain in emergency 
department

5440

Liu YF, Chen J

Efficacy and prognosis of adjuvant treatment of endometrial cancer with medroxyprogesterone acetate 
COX regression analysis

5447

Wang DR

Serum vascular endothelial growth factor and cortisol expression to predict prognosis of patients with 
hypertensive cerebral hemorrhage

5455

Zhang CY, Wang B, Hua XT, Fan K, Li YF

Progress of ulcerative colitis patients during the COVID-19 pandemic5462

Suda T, Takahashi M, Katayama Y, Soga K, Kobori I, Kusano Y, Tamano M

Observational Study

Effect of vitamin supplementation on polycystic ovary syndrome and key pathways implicated in its 
development: A Mendelian randomization study

5468

Shen JY, Xu L, Ding Y, Wu XY

Prospective Study

Evaluation of childhood developing via optical coherence tomography-angiography in Qamdo, Tibet, 
China: A prospective cross-sectional, school-based study

5479

Sun KX, Xiang YG, Zhang T, Yi SL, Xia JY, Yang X, Zheng SJ, Ji Y, Wan WJ, Hu K

SYSTEMATIC REVIEWS

Isolated left ventricular apical hypoplasia: Systematic review and analysis of the 37 cases reported so far5494

Bassareo PP, Duignan S, James A, Dunne E, McMahon CJ, Walsh KP



WJCC https://www.wjgnet.com II August 16, 2023 Volume 11 Issue 23

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 23 August 16, 2023

META-ANALYSIS

Identification of key genes and biological pathways in lung adenocarcinoma by integrated bioinformatics 
analysis

5504

Zhang L, Liu Y, Zhuang JG, Guo J, Li YT, Dong Y, Song G

CASE REPORT

Clinical outcomes of robotic-assisted and manual total hip arthroplasty in the same patient: A case report5519

Hu TY, Lin DC, Zhou YJ, Zhang ZW, Yuan JJ

Emphysematous sloughed floating ball after prostate water vaporization Rezum: A case report5525

Alnazari M, Bakhsh A, Rajih ES

Imaged guided surgery during arteriovenous malformation of gastrointestinal stromal tumor using 
hyperspectral and indocyanine green visualization techniques: A case report

5530

Wagner T, Mustafov O, Hummels M, Grabenkamp A, Thomas MN, Schiffmann LM, Bruns CJ, Stippel DL, Wahba R

Membranous nephropathy with systemic light-chain amyloidosis of remission after rituximab therapy: A 
case report

5538

Zhang J, Wang X, Zou GM, Li JY, Li WG

Rhabdomyolysis-induced acute kidney injury after administration of a red yeast rice supplement: A case 
report

5547

Wang YH, Zhang SS, Li HT, Zhi HW, Wu HY

Jackstone in the renal calyx: A rare case report5554

Song HF, Liang L, Liu YB, Xiao B, Hu WG, Li JX

Critical respiratory failure due to pregnancy complicated by COVID-19 and bacterial coinfection: A case 
report

5559

Zhou S, Liu MH, Deng XP

Townes–Brocks syndrome with adult renal impairment in a Chinese family: A case report5567

Wu J, Zhang J, Xiao TL, He T

Nasopharyngeal carcinoma with synchronous breast metastasis: A case report5573

Lei YY, Li DM

Anti-melanoma differentiation-associated gene 5 and anti-Ro52 antibody-dual positive dermatomyositis 
accompanied by rapidly lung disease: Three case reports

5580

Ye WZ, Peng SS, Hu YH, Fang MP, Xiao Y

Anaphylactic shock induced by polyethylene glycol after bowel preparation for the colorectal cancer 
surgery: A case report

5589

Park GW, Park N, Kuk JC, Shin EJ, Lim DR

Knee locking caused by osteochondroma of the proximal tibia adjacent to the pes anserinus: A case report5595

Sonobe T, Hakozaki M, Matsuo Y, Takahashi Y, Yoshida K, Konno S



WJCC https://www.wjgnet.com III August 16, 2023 Volume 11 Issue 23

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 23 August 16, 2023

Complex inferior vena cava reconstruction during ex vivo liver resection and autotransplantation: A case 
report

5602

Humaerhan J, Jiang TM, Aji T, Shao YM, Wen H

Hemocholecyst caused by accidental injury associated with radiofrequency ablation for hepatocellular 
carcinoma: A case report

5610

Tan YW, Zhang XY

Pancreatic cavernous hemangioma complicated with chronic intracapsular spontaneous hemorrhage: A 
case report and review of literature

5615

Li T

Pyogenic liver abscess secondary to gastric perforation of an ingested toothpick: A case report5622

Park Y, Han HS, Yoon YS, Cho JY, Lee B, Kang M, Kim J, Lee HW



WJCC https://www.wjgnet.com IX August 16, 2023 Volume 11 Issue 23

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 23 August 16, 2023

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Ellis J Neufeld, MD, PhD, Chief Physician, Executive Vice 
President, Professor, Department of Hematology, St. Jude Children's Research Hospital, Memphis, TN 38105, 
United States. ellis.neufeld@stjude.org

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Journal Citation Reports/Science Edition, Current Contents®/Clinical Medicine, PubMed, PubMed Central, 
Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology Journal 
Database, and Superstar Journals Database. The 2023 Edition of Journal Citation Reports® cites the 2022 impact 
factor (IF) for WJCC as 1.1; IF without journal self cites: 1.1; 5-year IF: 1.3; Journal Citation Indicator: 0.26; Ranking: 
133 among 167 journals in medicine, general and internal; and Quartile category: Q4.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Hua-Ge Yu; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja 
Hyeon Ku

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

August 16, 2023 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 5530 August 16, 2023 Volume 11 Issue 23

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2023 August 16; 11(23): 5530-5537

DOI: 10.12998/wjcc.v11.i23.5530 ISSN 2307-8960 (online)

CASE REPORT

Imaged guided surgery during arteriovenous malformation of 
gastrointestinal stromal tumor using hyperspectral and indocyanine 
green visualization techniques: A case report

Tristan Wagner, Onur Mustafov, Marielle Hummels, Anders Grabenkamp, Michael N Thomas, Lars Mortimer 
Schiffmann, Christiane J Bruns, Dirk L Stippel, Roger Wahba

Specialty type: Surgery

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Kapritsou M, Greece; 
Luo W, China

Received: March 31, 2023 
Peer-review started: March 31, 2023 
First decision: May 8, 2023 
Revised: May 28, 2023 
Accepted: July 18, 2023 
Article in press: July 18, 2023 
Published online: August 16, 2023

Tristan Wagner, Onur Mustafov, Marielle Hummels, Anders Grabenkamp, Michael N Thomas, Lars 
Mortimer Schiffmann, Christiane J Bruns, Dirk L Stippel, Roger Wahba, Clinic and Polyclinic for 
General, Visceral, Tumor and Transplant Surgery, University of Cologne, Cologne 50923, 
North Rhine Westphalia, Germany

Corresponding author: Tristan Wagner, MD, Doctor, Clinic and Polyclinic for General, 
Visceral, Tumor and Transplant Surgery, University of Cologne, Kerpener Str. 62, Cologne 
50923, North Rhine Westphalia, Germany. tcwcloud@icloud.com

Abstract
BACKGROUND 
This case report demonstrates the simultaneous development of a gastrointestinal 
stromal tumour (GIST) with arteriovenous malformations (AVMs) within the 
jejunal mesentery. A 74-year-old male presented to the department of surgery at 
our institution with a one-month history of abdominal pain. Contrast-enhanced 
computed tomography revealed an AVM. During exploratory laparotomy, hyper-
spectral imaging (HSI) and indocyanine green (ICG) fluorescence were used to 
evaluate the extent of the tumour and determine the resection margins. Intraop-
erative imaging confirmed AVM, while histopathological evaluation showed an 
epithelioid, partially spindle cell GIST.

CASE SUMMARY 
This is the first case reporting the use of HSI and ICG to image GIST intermingled 
with an AVM. The resection margins were planned using intraoperative analysis 
of additional optical data. Image-guided surgery enhances the clinician’s know-
ledge of tissue composition and facilitates tissue differentiation.

CONCLUSION 
Since image-guided surgery is safe, this procedure should increase in popularity 
among the next generation of surgeons as it is associated with better posto-
perative outcomes.

Key Words: Imaged guided surgery; Hyperspecteral imaging; Gastrointestinal stromal 
tumour; Arteriovenous malformation; Case report
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Core Tip: Three imaging techniques and histopathology were used to determine the nature of the formation. Computed 
tomography diagnosed the arteriovenous malformation, but could not rule out any malignancies. Indocyanine green 
confirmed the initial diagnosis of the vascular malformation and helped with the resection margins. Hyperspecteral imaging 
on the other hand, suggested the presence of a tumour, which was confirmed later by histological examination. The 
combination of both intraoperative techniques allowed students and surgical novices to understand the underlying anatomy 
and the vascular supply of the tumour.

Citation: Wagner T, Mustafov O, Hummels M, Grabenkamp A, Thomas MN, Schiffmann LM, Bruns CJ, Stippel DL, Wahba R. 
Imaged guided surgery during arteriovenous malformation of gastrointestinal stromal tumor using hyperspectral and indocyanine 
green visualization techniques: A case report. World J Clin Cases 2023; 11(23): 5530-5537
URL: https://www.wjgnet.com/2307-8960/full/v11/i23/5530.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i23.5530

INTRODUCTION
Sarcomas are rare tumours that account for less than 1% of malignant tumours worldwide[1]. A gastrointestinal stromal 
tumour (GIST) is a soft tissue sarcoma that originates in the interstitial cells of Cajal[2]. This neoplasm most frequently 
occurs in the gastrointestinal tract and has an incidence of 66% in the stomach, 24% in the duodenum and 10% in other 
parts of the gastrointestinal tract[1]. GISTs may cause abdominal pain and GI bleeding. Arteriovenous malformations 
(AVMs) of the GI tract are vascular anomalies that manifest as upper or lower GI bleeding and abdominal pain.

Hyperspectral imaging and indocyanine green fluorescence are rising techniques in image guided surgery[3-6]. AVMs 
have already been diagnosed with indocyanine green (ICG)[7,8] and GIST were successfully detected with the HSI 
technique ex-vivo[9]. However, until now, there was no reported case that have used both innovative techniques to 
visualize this pathological finding and to plan the operative procedure regarding resection margins and local lymphaden-
ectomy by synchronous development of GIST and AVM in the jejunum and jejunal mesentery.

CASE PRESENTATION
Chief complaints
Patient data: A 74-year-old, 65 kg, 156 cm tall, male known to have type II diabetes mellitus presented to the department 
of surgery at our institution with a one-month history of generalized abdominal pain. The patient did not complain of 
melena or GI bleeding. His past medical history included a cerebrovascular accident and a myocardial infarction.

History of present illness
His surgical history included an emergency Billroth I procedure performed after gastric ulcer perforation with 
uncontrollable bleeding. On physical examination, the patient had epigastric pain and tenderness. His preoperative 
laboratory findings were normal, with an erythrocyte count of 5.20 × 1012/L, a haemoglobin concentration of 15.2 g/dL, a 
c- reactive protein (CRP) level of 1.0 mg/L, a leucocyte count of 7.16 × 109/L, and a haematocrit level of 46%.

Contrast-enhanced abdominal computerised tomography (CT) revealed a mass with a disorganised tangle of vessels in 
the proximal jejunum and jejunal mesentery, with the main arterial supply arising from the superior mesenteric artery 
and multiple arterialised veins. These findings indicated the presence of an AVM. However, malignancy still needed to 
be ruled out. Therefore, an exploratory laparotomy was indicated; eventual tumour resection was also indicated once 
malignancy was confirmed (Figure 1).

Since the patient was in good clinical condition (ECOG-scale 0, Eastern Cooperative Oncology Group performance 
scale[3]), did not present with active GI bleeding and all of his laboratory findings were normal, our primary choice for 
his management was surgery. Other interventions, including radiological embolization and endoscopy, were avoided to 
reduce the risk of bowel infarction or perforation[5].

History of past illness
His past medical history included a cerebrovascular accident and a myocardial infarction.

Personal and family history
There were no records of family history available and the patient had no information about related diseases in the 
familiar background.

https://www.wjgnet.com/2307-8960/full/v11/i23/5530.htm
https://dx.doi.org/10.12998/wjcc.v11.i23.5530


Wagner T et al. Imaged guided surgery, HSI, surgical training

WJCC https://www.wjgnet.com 5532 August 16, 2023 Volume 11 Issue 23

Figure 1 Preoperative diagnostics contrast enhanced computed tomography and axial positron emission tomography. A: Coronal contrast 
enhanced computed tomography; B: Axial contrast enhanced computed tomography shows an exophytic mass of the jejunum (measuring 7 cm × 4 cm), 
heterogenous contrast enhancement and irregular margins, with partial necrosis; C: Contrast enhanced computed tomography and axial positron emission 
tomography.

Physical examination
A 74-year-old, 65 kg, 156 cm tall male known to have type II diabetes mellitus presented to the department of surgery at 
our institution with a one-month history of generalised abdominal pain. The patient did not complain of melena or GI 
bleeding. His past medical history included a cerebrovascular accident and a myocardial infarction. His surgical history 
included an emergency Billroth I procedure performed after gastric ulcer perforation with uncontrollable bleeding. On 
physical examination, the patient had epigastric pain and tenderness.

Laboratory examinations
His preoperative laboratory findings were normal, with an erythrocyte count of 5.20 × 1012/L, a haemoglobin concen-
tration of 15.2 g/dL, a CRP level of 1.0 mg/L, a leucocyte count of 7.16 × 109/L, and a haematocrit level of 46%.

Imaging examinations
Contrast-enhanced abdominal CT revealed a mass with a disorganized tangle of vessels in the proximal jejunum and 
jejunal mesentery, with the main arterial supply arising from the superior mesenteric artery and multiple arterialized 
veins. These findings indicated the presence of an AVM. However, malignancy still needed to be ruled out. Therefore, an 
exploratory laparotomy was indicated; eventual tumour resection was also indicated once malignancy was confirmed 
(Figure 1).

Since the patient was stable, didn’t experience any gastrointestinal bleeding and all the laboratory tests were normal, 
no further interventions, such as radiological embolization or endoscopic treatment, were performed to avoid the risk of 
bowel infarction or perforation[3]. Instead, elective surgery was scheduled.

FINAL DIAGNOSIS
Intraoperative findings
An exploratory laparotomy was subsequently performed. There the AVM and a tumour mass were detected, located 
about 20 cm from the ligament of Treitz, in the jejunal mesentery and jejunum itself. The tumour was about 6 cm in 
diameter, solid, well discrete, slightly ischemic with necrotic sites and with central ulceration covered with fibrotic patch 
(Figure 2).

Intraoperatively image guidance was performed using HSI and ICG (Figures 3 and 4). This was done to evaluate the 
vascular anatomy and to delineate the tumour mass from the healthy tissue, enabling the selection of safe resection 
margins and the borders of the lymphadenectomy. HSI measurements were performed before resection according to our 
standard operational procedures and later evaluated in the way described by[5] (Figure 5). After a less than 8 s the 
analysis software (TIVITA Suite Tissue) provides an RGB image and 4 false colour images that represent physiologic 
parameters of the recorded tissue area. These parameters contain tissue oxygenation (StO2), perfusion (NIR Perfusion 
index), organ hemoglobin index (OHI), and tissue water index (TWI). The relative blood oxygenation in the microcircu-
lation of superficial tissue layers (approximately 1 mm) is represented by StO2 (%), whereas the NIR perfusion index (0-
100) represents tissue layers in 4-6 mm penetration depth. The indices OHI (0-100) and TWI (0-100) display the distri-
bution of haemoglobin and water in the investigated tissue area, respectively[3,8,10,11].

In addition to the hyperspectral imaging, diluted 2-mL of indocyanine green was injected via the central line. This 
fluorescent, water- soluble dye, can bind plasma proteins and distribute evenly in the vascular system within seconds 
after injection[12]. After exposing the ICG molecules to near-infrared light and inducing fluorescence, the arteriovenous 
fistulae and the disorganized tangle of vessels, seen previously on the contrast-enhanced abdominal CT could be 
visualized (Figure 3). Furthermore, the jejunum with poor blood circulation, presumably due to a steal phenomenon 
caused by the AVM, could be shown.
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Figure 2 Intraoperative exploration and detection of the arteriovenous malformation and complete resection of the tumour and the 
supplying mesenteric arcade. A: Impression of the tumour after exploration; B: Diaphanoscopy of the tumour and the supplying arteries and veins; C: 
Tumourmass after resection.

Figure 3 Intraoperative presentation and intraoperative calculation of the optical hyperspectral imaging parameters via TIVITA® tissue. 
Circles represent the “region of interest” and the dotted line shows the selected resection margins before incision. A: Red–green–blue (RGB) image of the tumour; B: 
Tissue water index (TWI) of the tumour with the regions of interest (ROI) and planed resection margins; C: TWI of the tumour focused only on the resection margins; 
D: RGB of the tumour, focused on the antimesenteric side; E: Near-Infra-Red of the tumour with the ROI and planed resection margins, focused on the antimesenteric 
side; F: TWI of the tumour focused only on the resection margins, focused on the antimesenteric side.

TREATMENT
After choosing the resection margins according to intraoperative imaging with HSI and ICG, a segmental jejunal resection 
was performed. The continuity was restored with a side-to-side anastomosis (Figure 3).

The resected segment of the jejunum measured 9 cm in length and the surgical margins were 3.5 cm and respectively 
5.5 cm wide, clear of residual tumour including the intraoperative visualized part of the mesentery. The solid tumour 
measured up to 7.5 cm. Histology revealed an epithelioid, partially spindle cell gastrointestinal stromal tumour pT3, pNx, 
L0, V0, Pn0, R0 with arteriovenous Malformation, low mitosis rate [< 5/50 high power field (HPF)] and Ki67 8%. The 
tumour mass showed also necrotic and haemorrhagic areas with chronic inflammatory infiltrate similar to the description 
of[13].

During the postoperative recovery, the patient received antibiotics due to increase inflammatory markers. After the 
follow-up laboratory tests normalized, the patient was released from the hospital. The case was presented during a 
tumour board review, which proposed follow-up CT scans and aftercare.
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Figure 4 Early and late onset image of the anterior side posterior side of the tumor mass after indocyanine green application and 
simultaneous observation of the arteriovenous malformations using fluorescence imaging device. A: Anterior side, early onset image of the 
tumor mass after indocyanine green application; B: Anterior side, late onset image of the tumor mass after indocyanine green application; C: Posterior side, early 
onset image of the tumor mass after indocyanine green application; D: Posterior side, onset image of the tumor mass after indocyanine green application.

OUTCOME AND FOLLOW-UP
After choosing the resection margins according to intraoperative imaging with HSI and ICG, a segmental jejunal resection 
was performed. The continuity was restored with a side-to-side anastomosis.

The resected segment of the jejunum measured 9 cm in length and the surgical margins were 3.5 cm and respectively 
5.5 cm wide, clear of residual tumour including the intraoperative visualized part of the mesentery. The solid tumour 
measured up to 7.5 cm. Histology revealed an epithelioid, partially spindle cell gastrointestinal stromal tumour pT3, pNx, 
L0, V0, Pn0, R0 with arteriovenous Malformation, low mitosis rate (< 5/50 HPF) and Ki67 8%. The tumour mass showed 
also necrotic and haemorrhagic areas with chronic inflammatory infiltrate similar to the description of[13].

During the postoperative recovery, the patient received antibiotics due to increase inflammatory markers. After the 
follow-up laboratory tests normalized, the patient was released from the hospital. The case was presented during a 
tumour board review, which proposed follow-up CT scans and aftercare.

DISCUSSION
To our knowledge, this is the first case, which demonstrates the simultaneous application of HSI and ICG intraoper-
atively, of a gastrointestinal tumour combined with arteriovenous malformation and the third overall with this 
combination[13,14]. GISTs are relatively rare tumours and AVMs in the GI are unusual. The diagnosis of them both is 
quite challenging, as the symptoms being most commonly abdominal pain and GI bleedings are nonspecific. In this case 
ICG functioned as an intraoperative real-time angiography, showing the disorganized tangle of vessels, the arterial 
feeders, the arterialized veins and necrotic areas. In the context of the AVM, the application of ICG contributed to the 
confirming of the vascular malformation and enabled a more precise selection of the resection margins, however, it didn’t 
contribute to diagnosing the gastrointestinal stromal tumour. In the context of the GIST, HSI could differentiate between 
normal and tumorous tissue, in addition to also successfully identifying the tissue necrosis. This allowed more precise 
delimitation of the tumour mass. The only HSI- parameter which could hardly distinguish between the tumour and the 
surrounding healthy tissue was NIR, as the spectra of GIST and that of a normal tissue are similar[9]. However, via the 
other parameters, such as oxygenation, haemoglobin index and water index, the tumour mass could be distinguished, as 
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Figure 5 Images acquired via TIVITA® Tissue system (Diaspective Vision GmbH, Am Salzhaff, Germany). The software provides a 
red–green–blue image (RGB image) and four false-color images with an effective number of 640 × 480 pixels, which respectively represent tissue oxygenation, near-
infrared perfusion index, tissue water index, and organ hemoglobin index[5]. A: Red–green–blue image; B: Oxygenation; C: Near infra-red perfusion index; D: Organ 
hemoglobin index; E: Tissue- water- index.

Figure 6 Comparison of the hyperspectral parameters of the macroscopic healthy, pathological transformed gut and the tumor mass/AV- 
fistula. HSI: Hyperspectral imaging; TWI: Tissue water index.

changes in these parameters could correlate with tumour metabolic activities (Figure 6).

CONCLUSION
Three imaging techniques and histopathology were used to determine the nature of the formation. CT diagnosed the 
AVM, but couldn’t rule out any malignancies. ICG confirmed the initial diagnosis of the vascular malformation and 
helped with the choosing of the resection margins, however, it didn’t give any further input. HSI, on the other hand, 
presumed the presence of a tumour, which later was confirmed by histological examination. The combination of both 
intraoperative techniques allowed students and surgical novices to understand the underlying anatomy and the vascular 
supply of the tumour, however, it didn’t play a crucial part in the decision of the surgical strategy. For better 
understanding more HSI data and ICG data have to be compared in more precise analysis during prospective studies to 
decide which technique is more preferable and beneficial for patients with similar cases. Furthermore, it is still to 
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determine if imaged guided surgeries have the potential to uncover tumours and tumorous tissues before histopatho-
logical findings.
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