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AJCC - American Joint Committee on Cancer
TME — Total Mesorectal Excision
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I.INTRODUCTION

Colorectal cancer, due to its high frequency, can be viewed as one of the
socially significant diseases. Surgery is part and parcel of the total approach for
treating this disease. Like any other surgery, interventions in the colorectal area
are accompanied by complications — some of which resulting in serious
consequences for the patients. Anastomotic leak (AL) after colorectal surgery is
a complication that, in spite of long-standing research on it, has permanently been
keeping high levels, leading to considerable morbidity and mortality, and
worsening of the quality of life in patients. Neither should the financial burden of
the treatment of an AL patient be underestimated. Intraoperative fluorescent
perfusion angiography in colorectal surgery is a new but already widely popular
method that aims at decreasing the percentage of this complication. Having in
mind this, we researched the role, complications and safety of applying ICG

perfusion fluorescent angiography in minimally invasive colorectal surgery.

1. PURPOSE AND OBJECTIVES
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AIM

The dissertation thesis aims to study the role, safety and complications of

applying the ICG perfusion fluorescent angiography in minimally invasive

colorectal surgery.

OBJECTIVES:

1.

Creating a protocol for application of ICG perfusion fluorescent
angiography for the purposes of minimally invasive colorectal surgery;
Studying the effectiveness of the protocol for the application and
introduction of the ICG perfusion fluorescent angiography in minimally
invasive colorectal surgery;

Selecting a patient cohort for intraoperative application of ICG perfusion
fluorescent angiography in minimally invasive colorectal surgery and
assess the characteristics of the patients in it;

Studying the intraoperative, pathoanatomical and postoperative results in
the cohort to assess AL when ICG perfusion fluorescent angiography is

applied intraoperatively during minimally invasive colorectal surgery.

I11. MATERIALS AND METHODS

1. Materials

The present dissertation thesis is based on a prospective multi-center study

of patients undergone minimally invasive surgery for colorectal cancer in which

fluorescent perfusion angiography was applied. The study was carried on in the
Clinic of Surgical Oncology of UMHAT “Georgi Stranski”, MU-Pleven and the
Clinic of General Surgery — Il ward of UMHAT “Alexandrovska”, MU-Sofia.
The PhD thesis is supported by the European Regional Development Fund
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through the Operational Programme "Science and Education for Smart Growth"
under contract ~ NeBG0O5SM20OP001-1.002-0010-C01(2018-2023). The
consumables used for its practical realization were provided through a scientific
research project of MU-Pleven for 2020, registered under Nel3. Approvals for
carrying out a scientific research experiment were obtained from the Ethics
Committee of the Medical University — Pleven, Ne 647- University ethics
committee/ 11.06.2020, the department head and the hospital manager. In
cooperation with Clinic of General Surgery — Il ward of UMHAT
“Alexandrovska”, scientific research project Ne7414/19.11.2021 was prepared on
a topic similar to the one of the present dissertation thesis. The patients included
in the research project were added to the cohort from the dissertation thesis.
HaI_[HeHTI/ITe BKJIIIOYCHH B ITPOYUYBAHCTO IIO IIPOCKTA Os1Xa BKJIIOUEHHU B KOXOopTarTta
(Appendix 1 — project documents dated, signed and stamped).

Data collection sheets for colon and rectal cancer (Appendices 2 and 3) were
prepared and used for registering and systematizing the research data.

The ICG vials we used contained 25 mg powder for solution Verdye (Renew

Pharmaceuticals Ltd, Germany).

Fig. 1 - ICG vial
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Inclusion criteria for patients:

Patients older than 18
Planned surgical interventions

Histologically proved colorectal cancer
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Minimally invasive procedure, even converted ones

Signed informed agreement

Preoperative CT scan or MRI

Decision of the oncology committee for surgical treatment

Exclusion criteria for patients:

Emergency surgical interventions

Counterindications for general anesthesia

Allergy to water-soluble iodinated contrast media

Refusal of the patient to take part in the study
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2. Methods

All the patients included in the study were subject to preoperative diagnostics
and preparation. Diagnostics included clinical examination consisting of digital
rectal exam, total colonoscopy with tumor biopsy, histological verification,
laboratory tests, contrast enhanced CT or MRI and case discussion by an
oncological committee. After a decision for surgical treatment was made, the
patient was admitted in the clinic where he/she underwent preparation for surgery
according to the ERAS protocol followed in the clinic. A day before the
intervention the patient was given high-carbohydrate and high-protein medical
foods (Nutricomp, Fresubin), Metronidazole (Flagyl) tabl. 3x250mr. p.o.
Mechanical bowel preparation was done with 6 sachets of Endofalk, dissolved in
1.5 | of water. Perioperative prophylaxis with Cefuroxime x1500mg i.v. and
Metronidazole x 1500mg was performed 30-60 minutes before skin incision and
was discontinued after surgery. In case the operation lasted more than 4 hours, the
Cefuroxime dose was administered again. A nasogastric tube was not inserted
preoperatively or, if such was inserted, it was removed at the end of the
intervention. An abdominal drain was placed only in cases of rectal resection and
was removed at the 72nd hour at the latest. A transanal drain was fixed to the
perineal skin in all post-rectal surgery patients.

The tumor location is important when dealing with rectal surgery. In classical
surgical literature rectal cancer is described as a tumor starting at 15, 16 or 18 cm
from the anocutaneous line. According to modern English sources a rectum is
described as a structure consisting of three parts: low rectum — up to 6cm from the
anocutaneous line; meddle rectum — 7 to 11 cm from the anocutaneous line; and
upper rectum — 12 to 15 cm from the anocutaneous line. We used the latter

classification in defining the rectum and the rectal cancer location.

Fig. 2 — Parts of the rectum diagram.
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Except for coloanal anastomoses in TaTME, most anastomoses were made
with staplers. The staplers we used were GIA 80mm 3.5mm, EndoGIA 60mm
3.5mm, TA 45mm 4.5mm u EEA 32mm.

Fig. 3 — Pictures of the staplers used — GIA, EndoGIA, TA, EEA
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In all cases of right localization of the colorectal cancer (CRC) we made
latero-lateral anisoperistaltic ileotransverse anastomoses with GIA stapler 80mm
3.5mm placed through small enterotomies. The enterotomies for placing the the
stapler were resected with another GIA stapler 80mm 3.5mm, together with the
specimen. In cases of leftssidled CRC we made termino-terminal
colorectoanastomoses using the Knight-Griffen double stapling technique. To
transect the distal resection line we used TA 45mm 4.5mm for extracorporeal
anastomosis and EndoGIA 60mm 3.5mm for intracorporeal anastomosis. The
circular stapler we used was always the same type — EEA 32mm.

The statistical data analysis was performed with the IBM SPSS 26.0
program. The following statistical methods were applied:

(1) Descriptive statistics — includes all methods used for classifying data and
obtaining their summarized characteristics.
a. Quality data — the descriptive statistics of quality variables includes:
number and percentage of patients falling into the various categories
b. Quantity data — the description of frequency distribution consists in
defining its form, mean values (arithmetic mean and median) and
dispersion (standard deviation)
(2) Comparative deductive statistics — used to check the hypothesies for
difference
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a. t-test — parametric test for comparing the arithmetic means in two
groups, used for interval and proportional data with normal distribution

b. Mann-Whitney U — a non-parametric test for comparing the medians
of two groups, used for data without normal distribution

(3) Associative deductive statistics — used to check the hypotheses for
association

a. y*> test of association (Chi-square of association) — used for
establishing the relation between two quality variables

b. Phi (@) — for assessment of the strength of relation between two quality
variables; applicable for cross tabulation with a table 2x2

c. Cramer’s V — for assessment of the strength of relation between two
quality variables; applicable for cross tabulation with a table larger than
2X2

d. Point-biserial correlation (r,;) — for establishing the relation between

two variables, when one variable is an interval or proportional variable
and the other one is nominal (dichotomous)
(4) Table and graphic presentation of data

The consumable applied in perfusion angiography — indocyanine green — is
available on the Bulgarian market at an affordable price. Unfortunately, it is not
on the list of approved drugs and its use is regulated by the Bulgarian Drug
Agency (BDA). To use it, we needed to prepare a protocol in accordance with
Appendix 2 of Regulation 10 and submit it to BDA. The same protocol is required
for other medicines used in the country, which belong to the group of
“pharmaceuticals that are not allowed for use according to the list under Article
2664, §2, of the Drug use in Human Medicine Act®.

Indocyanine green is powder for solution in glass vials. The only condition
for storage is that it is not exposed in direct sunlight. The substance is as easy to
use as any other powder medicaments for intravenous application used in
hospitals.

A number of experts from various fields in medicine, as well as the teams of
clinical units at MU-Pleven and UMHAT “G.Stranski”, made direct or indirect

contributions to the process of developing and implementing this academic work.
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| owe special gratitude to my academic supervisors — Prof. Dobromir Dimitrov,
MD, PhD, and Assoc.prof. Svilen Maslyankov, MD, PhD — for their unfailing
support and instruction in working on the dissertation thesis. This work would not
have been possible without the support of the teams of the Surgical Oncology
Clinic, Illrd Ward in Anesthesiology and Intensive Care, the Surgical Oncology
Surgical Block, the Clinic of Pathological Anatomy, the clinical laboratory, the
outpatient ward for oncological diseases, the Medical Oncology Ward and the

Radiology Ward.

3. Equipment
The minimally invasive procedures performed were robot-assisted or
laparoscopic.
We used a DaVinci Si robotic system, upgraded with a Firefly system for

fluorescence imaging.

Fig. 4 — Robotic system.
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Fig.

The laparoscopic equipment we used consists of the following modules:
Endoscopic processor (Camera unit) OLYMPUS OTV-S200;

Light Source OLYMPUS CLV-S200-IR;

FULL HD camera head OLYMPUS CH-S200-XZ-E;

Optical telescope (laparoscope) OLYMPUS Trueview II;

Insuflator OLYMPUS HighFlow UHI-4;

HDTV OLYMPUS medical monitors;

Recording system.

5 — Laparoscopic equipment.
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During the laparoscopic interventions an Ethicon — Harmonic Ace ultrasound

scalpel was used.

Fig. 6 — An Ethicon — Harmonic Ace ultrasound scalpel.
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IV. RESULTS
In the process of the academic thesis development, a cohort of 53 patients
was selected; all of them underwent minimally invasive colorectal surgery with
15



ICG perfusion angiography. According to a data collection sheet made in advance,
information on 45 characteristics was collected and divided into 3 groups: patient
characteristics (13), intraoperative characteristics (15), pathologoanatomic
characteristics (16) and one result related to anastomotic leak. Perfusion
angiography is mainly applied to make an objective assessment of the anastomotic
region, thus reducing the frequency of AL. For this reason comparison was made
between the frequency of AL in the angiography cohort and a cohort from the

previous 2 years, before the method was introduced in the clinic.

Results for the 1% objective — Creating a protocol for application of ICG
perfusion fluorescent angiography for the purposes of minimally invasive
colorectal surgery

As there is not a universally accepted algorithm for performing fluorescent
angiography, we created our own algorithm to use in the scientific experiment.
According to it, 1 vial of 25mg of ICG is dissolved in 10 ml of sterile water for
injections. The resulting solution is of 2.5mg/ml concentration. The first dose of
the dye is 4ml and is administered intravenously at the beginning of the operation.
Right after that 20ml of physiological serum is injected, again intravenously. The
aim of giving the first dose is to visualize the position of the inferior mesenteric
artery (IMA) and measure the time necessary for the dye to reach the colon (the

appearance of fluorescence) i.e. the perfusion time. We labelled this time tICG1.

Fig. 7 — Visualization of IMA with ICG at the beginning of the intervention.
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The second dose of the dye is another 4ml. It is injected after the IMA has

been transected and the prospective resection line has been marked under white
light. Right after the second ICG dose another 20 ml of physiological serum is
injected. The aim of the second dose is to assess the blood supply of the colon
after the IMA was transected and check if the area that had been marked for
transection is supplied with blood. Again, the time until fluorescence appears is
measured. We labelled that time tICG2.

Fig. 8 — A picture from a laparoscopic operation to compare the image under

white light to near-infrared (NIR) light after vessel transection. (tICG2)
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The third dose of dye is 2ml and is administered after the anastomosis has
been made. It is followed immediately by 20ml of physiological serum. The aim
of the third dose is to visualize the blood supply in the whole anastomosis. This

time was named tICG3.

Fig. 9 — Assessing the perfusion in the performed anastomosis tICG3

The measured times last from injecting the physiological serum to the
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appearance of clear fluorescence in the tissues. The assessment is done through
the filter of the NIR light camera.

Results for the 2" objective - the effectiveness of the protocol for the
application

To assess the effectiveness of the created protocol we used the simplicity of
the method, the percentage of successful applications and the possibility for
Immediate interpretation of the result.

Most brands of laparoscopic surgery systems are equipped with filter
modules for NIR light or a built-in NIR function with a LED light source. We
used the OLYMPUS system in our OR which is equipped with such a module.

The patient cohort selected in the process of our experiment consisted of 53
participants. Perfusion angiography at the beginning of surgical intervention
(tICG1) was performed in 50 patients. Assessment of the blood supply of the
anastomosis segment (tICG2) was made for 51 patients and assessment of the
anastomotic perfusion (tICG3) was made for 12 patients. This means that tICG1
was measured in 94,3% of the cases, tICG2 — in 96,22% of the cases, and tICG3
- In 22,64% of the cases. The patients without tICG1 measurement, were given
tICG2 and tICG3 measurements. Therefore, perfusion assessment was made for
all cohort patients and the method proved 100% applicable. For the 3 conversion
cases, after the anastomosis segments had been prepared, assessment through
fluorescence perfusion angiography was also made.

For the 9 cases where the site of anastomosis was changed, the decision was
made intraoperatively, straight after performing the angiography and finding the

fluorescence absent or insufficient in the prospective transection lines.

Results for the 3" objective — Characteristics of the patients in the cohort:
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The descriptive statistical analysis of the characteristics of patients showed
their average age as 67.25 + 10.866 years, with a median of 69 years, ranging
from 35 to 84. Thirty-six (67,9%) of the patients were men. There was only one
case (1.9%) of clinical obstruction. Neoadjuvant therapy had been performed in
17 patients (32,1%) with rectal locations of the cancer only; a fully pathological
response had been observed in only 2 of them (3,8% of the whole cohort). Two
patients (3,8% of the whole cohort ) did not respond and 13 patients had imaging
or clinical response. Seven of the patients (13,2%) had anamnesis for previous
surgery for another malignant neoplasm before being diagnosed with colorectal
cancer. The tumor in all 7 patients was left-sided, with 5 of the cases with rectal
cancer. All patients had undergone preoperative CT or PET-CT. The patients in
which the tumor was located in the middle or distal third of the rectum had
undergone preoperative MRI of pelvis with contrast matter and gel administered
transanally to fill the cavity of the rectum. Four of the patients (7,6%) gave
information about a close relative with colorectal cancer. The mean values of
preoperative albumin recorded for 50 out of 53 patients were 42.05 + 5.146 g/L.
Only 4 of the patients (7,5%) had albumin levels lower than 35 g/L, which is
associated with greater risk of AL. The lowest recorded value was 32,6 g/L. Table

2 shows the relative percentage of patients with albumin lower than 35.

Table 2 - relative percentage of patients with albumin lower than 35

ANOYyMUH Bpoii % Valid %
<35 4 7,5 8,0
> 35 46 86,8 92,0
006110 50 94,3 100,0
JIuncsamm 3 5,7
06110 53 100,0

20



The assessment of anesthesia risk was done according to the classification of
the American Society of Anesthesiologists (ASA). The greatest number of
patients were ASA 3, 14 patients were ASA 2, and 11 patients were ASA 4. Forty-
three patients (81,1%) had hypertension and 4 were with diabetes. Almost 30% of
the patients in the cohort were smokers. Table 3 represents the summarized data

from the descriptive analysis.

Table 3 — Results from the descriptive statistical analysis of the patient

characteristics.

XapakTepuCTUKH Nanuenri
(n=53)
Bn3pact (Mean + SD) (Me; Min - 67.25 +10.866
Max) (69; 35 - 84)
Iloa (Opoit, %) 53 (100.0%0)
Mmbxe 36 (67.9%)
Kenn 17 (32.1%)

Kaunuuna oocrpyknus (Opoit, %)

1(1.9%)

HeoanroBanTHo jeueHue (Opoit, %)

17 (32.1%)

OO0pa3eH U KIMHUYEH 0TTOBOP
(6poid, %)

17 (32.1%)

0e3 OTroBop 2 (3.8%)

I'BJICH OTTOBOP 2 (3.8%)

perpecus 13 (24.5%)
Jpyru Heoniazmu (NM) (Opoii, %) 7 (13.2%)
CT/PET-CT (6poii, %) 53 (100.0%)
damuina odopemeHenoct (0poii, %) 4 (7.6%)
Aunoymun (Mean + SD) (Me; Min - 42.05 £5.146
Max) (42.05; 32.60 - 58.70)
ACA (Me; Min - Max) (3;2-4)

AX (6poit, %)

43 (81.1%)

Juader (6poii, %)

10 (18.9%)
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TroTroHomymene (6poii, %) 15 (28.3%)

Results for the 4rth objective — studying the intraoperative, pathoanatomical
and postoperative results in the cohort

From the 53 patients who underwent surgery, 39 (the predominant number)
had rectal resections with either total mesorectal excision (20 patients) or partial
mesorectal excision (21 patients). The difference between the total number of
rectal resections and the sum of TME and PME is due to 2 cases with distal
sigmoid colon cancer with partial resection of the upper part of the rectum.
Sigmoidectomy was performed in 7 patients, right hemicolectomy in 4 patients, 1
subtotal colectomy, 1 left hemicolectomy and 1 abdominoperineal resection. In
all cases of colon cancer surgery was performed as total mesocolic escision. The
kinds of minimally invasive techniques used in the cohort was balanced, with 25
robot-assisted resections (47.2%) and 28 laparoscopic ones (52.8%). All robot-
assisted resections were performed in rectal cancer cases. Three of the cases
(5.7%) necessitated conversion — one in a robot-assisted intervention for rectal
cancer in the middle third of the rectum and the two conversions in the
laparoscopic arm were for rectal cancers in the proximal and middle third
respectively. High vessel ligation was performed in 35 maruenrta (66% of the
whole cohort and 65% in left-sided locations). Splenic flexure mobilization was
performed in 18 patients, 17 of which during surgery for rectal cancer and 1 —
during left hemicolectomy. This means that in almost half of the interventions for
rectal cancer (43.5%) splenic flexure had to be mobilized. The measurements after
the perfusion angiography showed mean time ICG1 15.70 + 7.338 seconds
ranging from 7 to 35, and mean time ICG2 - 30.92 + 10.288 seconds ranging from
12 to 65. In 9 of the patients (17%) the anastomosis region had to be changed.

In 6 of them the correction of the resection boundary was in the proximal
part of the bowel, in 2 cases — in the distal part of the rectal stump, and in 1 patient

— in both places. For 48 of all anastomoses we used staplers; the rest were made
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by hand. The types of anastomoses made in the cohort were as follows: colorectal
anastomosis in 42 patients (79.2%); ileotransversoanastomosis — in 4 patients
(7.5%); coloanal anastomosis — in 3 patients (5.7%); colo-colic anastomosis — in
2 patients (3.8%); and ileorectal anastomosis — in 1 patient (1,9%). In accordance
with the protocol of the clinic, in 37 out of 39 patients with rectal location of the
tumor (94.8%) a transanal drain was placed. Defunctioning stoma was constructed
in 17 patients, i.e. one-third of all that underwent surgery (32,1%). In all stoma
cases the tumor was located in either the middle or the distal third of the rectum,
with one exception where the tumor was located in the high rectum. The following

table shows the results from the statistical analysis:

Table 6 — Results from the operative characteristics of patients:

OneparuBeH mokasareJ HaunenTi
(n=53)
Bux onepauus (6poit, %) 53 (100.0%0)
PPA 39 (73.6%)
CurmMouIeKTOMUS 7 (13.2%)
JlsicHa XemMu 4 (7.5%)
Cy6toranHa 1 (1.9%)
Knacuuecka sisiBa 1 (1.9%)
AITP 1 (1.9%)
Bux MUX (6poii, %) 53 (100.0%0)
Pobotcka 25 (47.2%)
Jlammapockoricka 28 (52.8%)
[sirocTHA Me30peKTAIHA/ ME30KOJIUYHA eKCUM3us/
napuuajHa Me3opexTajna (opoi, %) 53 (100.0%0)
TME 20 (37.7%)
CME 12 (22.6%)
PME 21 (39.6%)
Konsepcus (6poii, %) 3 (5.7%)
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OneparuBeH moxkasareJ

IHanuenTn
(n=53)

Bucoxo surupane (6poii, %)

35 (66.0%)

Moounu3anus Ha JueHagaHa uekcypa (Opoii, %)

18 (34.0%)

Tpancananen apen (Opoii, %)

39 (73.6%)

Stoma (6poit, %)

17 (32.1%)

Amnactomo3a (6poit, %)
CopmmBaren
Ha pbka

52 (98.1%)
48 (90.6%)
4 (7.5%)

Bupx anacromo3sa (6poii, %)
Koio-pekro anacromosa

52 (98.1%)
42 (79.2%)

Nneotpancsep3o 4 (7.5%)
Kono-ano anactomo3a 3 (5.7%)
Ko:o-koso anacromosa 2 (3.8%)
Nneo-pekTo aHacToMo3a 1(1.9%)
ICG1 (n=50) (Mean = SD) (Me; Min - Max) 15.70 +£7.338
(12.50; 7 — 35)
ICG2 (n=51) (Mean + SD) (Me; Min - Max) 30.92 +10.288
(31; 12 - 65)
ICG3 (n=12) (Mean =+ SD) (Me; Min - Max) 40.33 £17.079
(36; 28 — 90)
IIpomsina Ha MsICTOTO Ha aHacToMo3ata (Opoii, %) 9 (17.0%)
[TpokcumaiHo 6 (11.3%)
JlucTtanHo 2 (3.8%)
W Ha nBere cTpaHu 1(1.9%)

The pathologoanatomical indicators from the data collection sheet were

divided in 2 groups: macroscopic and microscopic assessment.

Analyzing the tumor location along the colon, the one that was most often

found in the cohort was proximal rectum — 18 patients (34%). The rest of the
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locations had the following frequency: mid third of the rectum — in 13 patients
(24,5%), sigmoid colon — 9 patients (17%), distal rectum — 8 patients (15,1%),
ascending colon — 4 patients (7,5%) and descending colon — 1 patient (1,9%). In
more than half of the patients the macroscopic appearance of the formation was
polypoid — 34 patients (64.2%). Infiltration through the wall was observed in 5
cases (9,4%). The mean distance to the distal resection line was 62.08 + 56.240
mm, with a median of 50mm ranging from 20 to 280mm. The mean distance to
the proximal resection line was 176.23 + 128.680 mm, with a median of 150mm
ranging from 70 t01000 mm. The quality of the mesorectal and mesocolic
excisions was found complete in all cases. The pathologists reported detected
lymph nodes in the mesocolon and mesenterium in 41 patients. The mean number
of detected lymph nodes was 8.37 + 7.599, with a median of 7 lymph nodes
ranging from 0 to 40. We did not have a case of infiltration in the proximal or
distal resection line. As to the grade of malignancy, the greatest number was that
of tumors defined as moderately differentiated G2 — 46 of the cases (86,8%).
Invasion of a blood vessel was observed in one patient. The same applies for
infiltration of lymph vessels. Perineural invasion was found in 3 patients. Table
9 summarizes the results from the descriptive analysis and pathologoanatomical
characteristics.

Table 9 — Results from the pathologoanatomical characteristics.

IlaToJioroaHATOMUYEH NOKA3aTe MauuenTn
(n=53)
Jlokaau3anusi Ha poaAbJKeHneTo (Opoii, %) 53 (100.0%0)
Pexty™m nipok 18 (34.0%)
PexTym cpenen 13 (24.5%)
Curma 9 (17.0%)
Pextym nucrasieH 8 (15.1%)
AcnieHzieHc 4 (7.5%)
JlecuieHeHc 1(1.9%)
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Jlokanu3zanus HanpedeH cpe3 (Opoii, %)

53 (100.0%)

HupxynsapHO 20 (37.7%)
[Tpenna 12 (22.6%)
3aaHa 12 (22.6%)
MesokonndHa 5 (9.4%)
AHTHME30KOJINYHA 4 (7.5%)
Makpockoncku Buj (Opoi, %) 53 (100.0%0)
[Tonmumonnen 34 (64.2%)
S3BeHO-UHDUITPATHBEH 12 (22.6%)
S3BeH 2 (3.8%)
Judy3HO HHOUIATPUPAI] 2 (3.8%)
Hexnacudumnupan 2 (3.8%)
[ToBBpXHOCTEH 1(1.9%)
Nudpuarpanus npe3 crenara (Opoi, %) 5 (9.4%)
Pa3crosinme 10 aucraana JuHus (Mean + SD) (Me; Min - 62.08 = 56.240
Max) (50; 20 — 280)
Pa3crosinue 10 npokcumasiHa guHusi (Mean + SD) (Me; Min| 176.23 +
- Max) 128.680
(150; 70 -
1000)
KauecTBO Ha Me30KOIHYHATA eKciiu3ust (Opoit, %) 53 (100.0%)
Bpoii immdun Bb311 (n=41) (Mean + SD) (Me; Min - Max) | 8.37 +£7.599
(7, 0-40)
Nuduarpanus Ha muctaiana Junus (6poi, %) 0 (0.0%)
Nuduarpanust Ha npokcuMasna JuHus (6poii, %) 0 (0.0%)
CreneH Ha MajuraeHoct (Opoii, %) 52 (100.0%0)
Gl 5 (9.4%)
G2 46 (86.8%)
G3 1 (1.9%)

HNuBa3usi B KPbBOHOCHH cbaA0Be (Opoii, %)

52 (98.1%)
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NuBa3us B ium¢pHu cbaose (6poit, %)

1(1.9%)

IlepuneBpasina uaBasus (6poii, %)

3 (5.7%)

Nucypunuenuus (6poit, %)

0 (0.0%)

Staging of tumors was done according to the TNM classification of the
American Joint Committee on Cancer (AJCC). The stage that was most often
found in our cohort was T3NOMO. That was the stage in 19 patients (35.8%). The
second in frequency was the T2NOMO stage found in 11 patients (20.7%).

In our cohort there was not even one case of AL (0%). This rate was
compared to the AL rate for the 2 years before introducing the method in the clinic
— for 52 minimally invasive interventions performed there were 3 anastomotic
leak cases, or 5.76%.

Besides the descriptive statistical analysis, we did also associative deductive
analysis. We compared data about splenic flexure mobilization in left-sided
locations and the time tICG2 until fluorescence appeared in the transection line.
Chi-square test was used for that purpose. No statistically significant relation was
found between splenic flexure mobilization and tICG2 (y2=26.941, df=22,
p=0.213).

Table 10 — Distribution of the perfusion time tICG2 in relation to splenic flexure

mobilization
Moonau3zanmusi ICG2
HA JMEeHAJHA Total
(iiexcypa 12 13 20 22 25 27 28 29 31 32 33 34 35 36 37 40 41 42 43 45 47 50 65
na 21 211101120111 010H01000w0 17
HE O 0406 020021030311 101211 29
Total 21 6 171211411413 21111211 46

Fig. 10 — The chart showing the distribution of tICG2 in groups of 10 seconds

each
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(12, 22] (22, 32) (32, 42) (42, 52] (52, 62] (62, 72

Fig. 11 — Box-plot diagram demonstrating the distribution of patients according
to tICG2 and their median in patients with or without splenic flexure
mobilization respectively.
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ICG2
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Mobunu3anus Ha TueHanHa giaekcypa

We applied the same test to check for relation between flexure mobilization
and change of the transection line. No statistically significant correlation was
found between the variables (y*2=0.082, df=1, p=0.775, Phi=0.041).

Fig.12 — Bar chart illustrating performed splenic flexure mobilization in relation
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to the need to change the transection line.

0,
83,3% 80,0%
H 1poMsiHa B MSICTOTO Ha
aHacTOMO3aTa
0 M 0e3 IpoMsIHA B MSICTOTO
16,7% 20,0% p
. Ha aHACTOMO3aTa
MoOMIM3anus Ha 0e3 MoOuIM3anus Ha
nueHaHa diekcypa JMUeHaHa (aekcypa
(n=18) (n=30)

Using point-biserial correlation we checked for relations between tICG2 and
the change of transection area. No statistically significant correlation was found
between the variables (r,,=-0.079, N=51, p=0.580).

Fig. 13 - Box-plot diagram demonstrating the distribution of tICG2 and the
change of the anastomosis site.
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HpOMHHa B MACTOTO Ha aHaACTOMO3a
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Student’s t-test was applied as well and it did not show any statistically
significant difference in ICG2 in cases with or without change of the anastomosis
site (t=0.390, df=9.132, p=0.705).

The same analysis was done for tICG3 and the change of transection area.
Once again, no statistically significant correlation was found between the
variables (r,,=-0.459, N=53, p=0.133).

Fig. 14 - Box-plot diagram demonstrating the distribution of tICG3 and change
of the anastomosis site

100
90
80
70
60
50
40
30
20
10

ICG3

HE Ja

HpOMHHa B MACTOTO Ha aHACTOMO3aTa

The Mann-Whitney test did not find any statistically significant difference
between ICG3 in patients with or without change of the anastomosis site.
(U=9.000, N=12, z=-0.849, p=0.482)

We carried out statistical analysis with Chi-square test to check for
correlation between high ligation and change of the transection site. Phi test was
used to assess the significance of relation. No statistically significant correlation
was found between the variables (y2=0.531, df=1, p=0.357, Phi=0.100).

Table 11 - Crosstabulation of the data on high vessel ligation and change of the
anastomosis site.

Bucoko nurupate * llpomsiHa B MSICTOTO Ha
aHacTtomo3ara Crosstabulation
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[MpomsaHa B MACTOTO Ha
aHacTomMmo3aTta

npomMsiHa B 0e3 npomsiHa
MSICTOTO Ha B MSICTOTO Ha
aHacTomo3saTta | aHacTomo3ata | Total
Bucoko BMCOKO 5 30 35
nuUrupaHe | nurupaHe
6e3 4 14 18
BUCOKO
nurnpaHe
Total 9 44 53

Fig. 15 — bar chart illustrating data
anastomosis site

on high vessel ligation and change of

85,7%
77,8%

22,2%
14,3%

BHUCOKO JIMTUPAHE

(n=35)

0e3 BUCOKO JIUTUPAHE

(n=18)

N poMsHa B MSICTOTO Ha
aHacToMO3aTa

¥ 6e3 mpoMsiHa B MSICTOTO
Ha aHaCcTOMO3aTa

Another statistical analysis was done on the correlation between change of
the transection site and location of tumor along the colon. No statistically
significant difference was found between the variables (y?=6.597, df=5, p=0.252,

Cramer’s V=0.353).

Table 12 - Crosstabulation of the data on tumor location along the colon and the

need to change the anastomosis site.
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JNokanusauusa Ha npoabkeHueTo * IpoMsiHa B MACTOTO Ha
aHacTtomo3arta Crosstabulation

npOMﬂHa B MACTOTO Ha

aHacTomo3saTa
npomMsiHa B 6e3 npomsiHa
MSICTOTO Ha | B MSICTOTO Ha
aHacTomo3saTta | aHacTomo3aTta | Total
Jlokanusauusa AcLeHOeHC 0 4 4
Ha
NPOABIKEHNETO [ecienperc 0 1 1
Curma 2 7 9
Pektym 4 14 18
npokK
Pektym 0 13 13
cpeaeH
Pektym 3 5 8
aucTtaneH
Total 9 44 53

Fig. 16 — bar chart showing the data on tumor location in the colon and the need
to change the anastomosis site

ACLCH/ICHC  pus s 4: 100,0%

0; 0,0%
JICCLCHICHC s 1: 100,0%

2. 22,2%
Curma S C o 7:77,8%
4; 22,2%
PekTyM oK 14: 77,8%

0; 0,0%
PexTym cpeicH s 13: 100,0%

3; 37,5%
Pextym ucTancH [ S 5: 62,5%

u IIpoOMsAHa B MACTOTO Ha aHACTOMO3aTa

M oe3 npomMsHa B MACTOTO Ha aHACTOMO3aTa

In the subgroup analysis, statistically significant difference was found
between the number of cases with and without change of the anastomotic site,

when the tumor was located in the proximal rectum. (¥?=5,556, df=1, p=0.018).
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No undesired side effects from the drug use were observed in ICG perfusion

angiography.

1.

V. CONCLUSIONS
We proved the benefit of applying ICG fluorescent perfusion angiography
during minimally invasive colorectal surgery, with 100% decrease in the
AL frequency in comparison to the control group.
We proved the effectiveness of the created protocol, with the ICG
fluorescent perfusion angiography applied to all patients in the cohort,
including the three conversion cases.
The selected cohort of patients with performed ICG perfusion angiography
was comparable to the control group. The analysis of the basic indicators
of patients showed that 30% of them had a combination of 2 or more risk
factors for AL.
The results from the analysis of the research data showed good clinical
outcomes after ICG fluorescent perfusion angiography — no AL or adverse
reactions to the medicament were observed.
Specimen evaluation showed high quality of the mesorectal (mesocolic)

excision — no positive resection lines were detected.

VI. CONTRIBUTIONS
Contributions to scientific theory
The data available in literature were studied and an algorithm was created
for the intraoperative application of ICG fluorescent perfusion angiography
in minimally invasive colorectal surgery.
Contributions to scientific practice
A protocol for ICG perfusion angiography was introduced in the routine

minimally invasive colorectal surgery;
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- Studied were the clinical outcomes from the application of ICG perfusion
angiography in minimally invasive colorectal surgery;

- Studied were the preoperative characteristics of patients and the
postoperative characteristics of the specimens from the performed

minimally invasive colorectal interventions.

VIl. APPENDICES
- Appendix 1
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TIpocnexTuBHO KOXOpTHO TNpOy4BaHe BBPXY 28 mallMeHTa C [IOHE €MH PHCKOB
dakTop 3a paseuTHe Ha MHCYQHMUEHIMA Ha aHaCTOMO3aTa IPH MHHHUMATHO
MHBa3WBHA KOJNIOPEKTaIHA Pe3EKLHOHHA XHPYPrHs C IbPBHYHA aHACTOMO3a.
3.  HmyHoduyopecuenuus ¢ ICG
HuTpaoneparusuo e ce nposeze MHKpOaHTHOrpadus 4pe3
uMyHomyopecueruus ¢ ICG. 3a menta me GbaaT BbBEJEHH B CHCTEMHOTO
KpBBOOGpauienue upes abokar 25mr ICG. Trii kato ICG ce cBBpP3Ba C MUIa3MEHHTE
GenTbiM OCTaBa caMO B KPbBOOGDAIIEHHETO W HE H3IH3a B MEKIYKIETHYHOTO
NpOoCTpaHCTBO. ChC CrenManHa My/ITHAETEKTOPHA KaMepa 3a CBETJIMHA C IbKHHA
Ha BBJIHaTa GiiM3Kka 10 MH(payepBeHaTa, B cIyyas 820nm, Ime ce HaboaBa Jaau
YYacTBKbT ONpe/iesieH 3a U3BbPIIBaHE Ha aHACTOMO32 € KPbBOCHAOIEH.

OuyakBaHM HAayYHH pe3yJTATH M XapaKTePHCTHKA HAa HAyYHHS NPHHOC
(MpakTHYecKa HIIH TeOpeTHYHA HaCOYeHOCT). OYaKBaHHTE PE3yNITATH Ca 32 HAMHpaHe
Ha 0Ka3aTeJICTBa 3a CHH)KABAaHE HAa 4YecToTaTa Ha HHCY(bHHHCHHHHTC Ha aHaCTOMO3HUTEC
le/l MHHHMAJIHO HHBA3UBHA PE3CKLHOHHA XHpYprus 1o 1noBoja KOJIOPEKTAJICH KalePlHOM
H BHEAPABAHETO HA AJITOPHUTEM 3a U3I10JI3BaHETO Ha ICG B kJIMHMYHATA HH TNpaKTHKaTta.

5. PABOTHA ITPOI'PAMA:

— JlutepatypHus 0630p no npobieMa

— PaspaGorBane Ha U3cne10BaTENCKH (Ui

— BmnacsHe Ha npoekta B KoMucus 10 €THKAa Ha HayYHO-H3CII€[0BATEJICKaTa
JIEHHOCT.

— BepBex/aHe Ha METOJa B KJIMHHKA 110 OHKOJIOTHYHA XUpyprus keM YMBAIL ,,JI-p
I'. Crpancku“ IlneBen

— TlpocnenspaHe Ha nauneHTHTE 3a 30 IHU

— Cn0upaHe Ha NaHHUTE

— MEpHOJI Ha IPOCIIEAABaHE HA NTALUCHTHTE

— CrarucTuyecka 06paboTka M aHaM3 Ha JAaHHHUTE.

MN3CJIENOBATEJIL:

(momnuc)

Jara: 1) 0y 2o
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KOHTAKTHA MH@OPMAIINA

TlocoueTe JaHHUTE Ha NHUIETO, KbM KOETO KomucHaTa 110 €THKA HA Hay"IHO-H3CJ'IelIOBa’I€JICKaTa

neitnoct npu MY -Tlnesen Tpsbea fa ce 06
H3CHe/BaKe.

phina 3a JONbIHATENHE MH(OpMALHA 10 HAYYHOTO

Maptur KapamaHiHeB

Crenanu3aHT | JOKTOPAHT 10 obma Xupyprusa
V. Teopru Kouen” 8A, YMBAJI .. CtpaHcku — EAJ, rp. IlneBeH

martinkaramanliev@gmail.com

JITBAHOCT:

0894242247

TenedoH:

Tlognuc Ha rjaBHHA H3CeI0BaTENL

Cekperap Ha KEHWUA:
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NUCMEHO ChIJIACUE HA PBKOBOAUTEJIA HA JIEYUEBHOTO 3ABEJJEHUE
CBI'JIACHUE

10 YJI. 87, AJL. 3 OT 3AKOHA 3A JIEKAPCTBEHUTE ITPOJIYKTU B XYMAHHATA
MEJIMLIIMHA

A3z, ponynoanucauuat npod. T. Jlenuiicku, B KaUeCTBOTO CH Ha PHKOBOJMTEN KIMHHMKA 1O
OHKOJOrHYHa Xupyprus kbM YMBAJI '[I-p Teopru Crpasncku' EAJL, Y. I'eopru Koues 8A, Ilnesen
Buarapus,

C HacTOALIETO JaBaM ChriacHe 3a:

TNposeskaane Ha npoyusane ,[IpoyuBate BIMAHHETO Ha HHTpaOTepATHBHATA MUKpOaHTHorpadus ¢
MHJIOLMaHUH TPUHH BbPXY MHTPAONEPATUBHUTE U MOCTONEPATHBHUTE PE3YJITATH NPYU MALMEHTH C
KOJIOPEKTAJIEH KapLMHOM, ONIepUpPaHy Ype3 MHHUMAJIHO MHBA3UBEH MOJXOM', OPraHU3UPaHO OT eKMNa
Ha KJIMHHKATa N0 OHKOJorHuHa xupyprus YMBAJL ,I".CtpaHcku — IlneBeH Ha Bb3pacTHU MaLUEHTH
TIOJNIOXKEHH Ha €IEKTHBHA PE3EeKLIMOHHA XUPYPrus NPH NaLMEHTH ¢ KAPLUMHOM Ha PeKTyMa U
M3BBPLIBAHE HA HHTPAOIEPaTUBHATa MUKPOAHTHOrpadHs ¢ MHAOUMAHMH TPHAH

KOETO e ce nposee B Knunuka no onkonoruyxa xupyprus keM YMBAJIL'I-p I'eopru CtpaHcku'
, Y.

EAJL, Vn.Teopru Koues 8A, 5800, Ilnesen, buirapus, ¢ rnased uscnenosaren gou. JJo6pomup
JuMUTpOB

KnuHHYHOTO M3NKTBaHE Lie ce npoBeje cnel ojobpeHue Ha Komucvm no-’e'mr(a"trﬂayquo-
W3cieoBaTeNcKaTa AeHHoCT kbM MVY-TIneBeH.

Jlata: 02 © Y 20
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o e ame

YMBAA A -p Feopau Cmpance
EAA NaeBer
W3MbARKTENEH AUPEKTOP

w50/ )34

1p. Inessn

NMUCMEHO CbIIACUE HA PHLKOBOAUTENA HA NEYEEHOTO 3ABEAEHUE

CbINACUE

NO YA. 87, A/1. 3 OT 3AKOHA 3A NIEKAPCTBEHWUTE NPOAYKTU B XYMAHHATA MEAULHA

pou. LipetaH JlykaHos, 8 KauecTsoTO cu Ha U3nbAHWTENEH [vpeKTop Ha

A3, [ONYNOANUCAHUAT
A, NneseH, bbarapua,

YMBA '4-p Feopru CrpaHcku' EAL, Yn. Feopru Koues 8
C HaCTOALWLETO AaBaM Cbraacue 3a:

MposesaaHe Ha MPOYYBaHE »IIpoyueane enuanuemo Ha uHmpaonepamueHama
Muxpoanzuoepa([)wl ¢ UHOOYUAHUH SPUH 8DXY uHmpaonepamuerume u nocmonepamuerume
pesyamamuy npu nayuenmu ¢ KONOpeKmaner KapyuHoM, onepupanu 4pes MUHUMAAHO UHBA3UBEH
noOx00“, OPraHU3NPaHO OT eKUNa Ha KAMHWKaTa No OHKONOrUYHA Xupyprua YMBAJ

,[.CrpaHcku“ —MNneseH Ha Bb3PACTHU NALNEHTH NOANOMKEHN HA eNEeKTUBHA pPe3eKUUOHHA

XWPYPrvA NPY NALMEHTH C KAPUMHOM Ha PeKTyMa U M3BbPILBAHE HA WHTpaonepaTeHaTa

MUKpOaHruorpadua ¢ MHAOUMAHUH FPUitH

yHa xupyprva kem YMBAN 'O-p Meopru

KAWHMKa NO OHKOAOTH
¢ rnaseH uscneposaren Aou.

KoeTo e Ce NnposeAe B
pru Koues 8A, 5800, NneseH, bvarapua,

CrpaHcku' EALL Y. €0
[Jo6pomup 4umunTpOB

KAMHWYHOTO U3NMTBAHE LWE Ce NPOoBeAE cnep ofobpeHrme Ha Komucus no eTuKa Ha Hay4HO-

nscnepoeaTtenckara AENHOCT KbM MY-TNneseH.

Oara: rde
ué M/ri'ean),

eTaH HYK?HOB/

38



- Appendix 2

DATA COLLECTION SHEET FOR COLON CANCER SURGERY
WITH ICG

- NAME. e seeenee e MTF
- age. .... Case history............. BMI............
Clinical diagnosis:

- Clinical obstruction: NO/YES
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Neoadjuvant therapy performed: NO/YES
1. Clinical and imaging response. 2. No responce. 3. Complete
pathological response. 4. Regression

(DOWNSIZIEZ) . .. e oottt et e e e et e e e e e e eee e

Other concomitant/past neoplasms: NO/YES

Preoperative CT or PET-CT: NO/YES
Genetic predisposition: NO/YES

Serum albumin:............. ASA: .... Hypertension: : NO/YES Diabetes: :
NO/YES Smoking : NO/YES

TUMOr MarKerS: ...

TYPE OF SUIGRIY ..ottt et

Total mesocolic excision: NO/YES
High ligation of the vessel: NO/YES
Splenic flexure mobilization: NO/YES
Transanal drain: NO/YES

Anastomosis: with a stapler/ by hand

Immunofluorescence data:

Time until the first fluorescence appearance:
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Tumor location

A. Mesocolic wall B. Antimesocolic wall

1. Caecum 2. Colon ascendens 3 . Flexura coli dex.

- C. Anterior wall D. Posterior
wall

4. Colon transversum 5. Flexura coli
sin.

- (for colon transversum — C.

Inferior D. Superior)

— /
— [—
= — m—t —r ——

6. Colon descendens 7. Colon
sigmoideum

- E. Circumferential location

Macroscopic assessment of the fresh specimen: Tumor:
dimensions............ o CM (longitudinal/transversal)

Macroscopic appearance: 1.superficial 2.polypoid 3. ulcerous 4.
Infiltrating ulcer 5. Diffusely infiltrating 6.unclassified

Infiltration through the wall: NO/YES 1. Serosa 2. Pericolic fascia (for

locations in a wall without serosa) 3. Adjacent organs or

SETUCTUTES: 1.ttt ettt st e st e e st et e s beesteeneesneenbeenteensesneenreens
Distance to: distal resection line............ cm; proximal resection
line....c.......... cm
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Assessment of the quality of the mesocolic excision: 1. Complete; 2.

Near-complete; 3. Incomplete ..........ccecovevieiieiiieinnen,

TNM: ¢T...N...M... pT..N...M.

Malignancy grade: G1 G2 G3
Invasion of blood vessels: NO/YES
Invasion of lymph vessels: NO/YES
Perineural invasion: NO/YES
Anastomotic leak: NO/YES

SUIQEON: ..

Appendix 3

DATA COLLECTION SHEET FOR RECTAL CANCER SURGERY
WITH ICG

N A1 ettt e e e e .

age. .... Case history................ BMI:

Clinical diagnosis

Clinical obstruction: NO/YES

............

Neoadjuvant therapy performed: NO/YES

1. Clinical and imaging response. 2. No response. 3. Complete

pathological response. 4. Regression
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(DOWNSIZIEZ) . . v et ettt et e et et et e e e e e e eaee e
Other concomitant/past neoplasms: NO/YES

Preoperative CT or PET-CT: NO/YES

Genetic predisposition: NO/YES

Serum albumin:............. ASA: ....... Hypertension: NO/YES Diabetes:
NO/YES Smoking: NO/YES

Total mesorectal excision: NO/YES
Partial mesorectal escision: NO/YES
High ligation of the vessel: NO/YES
Splenic flexure mobilization: NO/YES
Transanal drain: NO/YES

Anastomosis: with a stapler / by hand

Stoma: NO/YES

Immunofluorescence data: //'\\r\‘
—\ “\E\/‘

Time until the first appearance of fluorescence: g =~
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Change of anastomosis location: NO/YES

MAtEITAlS SN .ottt e e e e

Tumor localization/location:

1. Upper third of the rectum 2. Meddle third of the

rectum 3. Lower third of the rectum

4. Anal canal 5. Anus and outer skin

A. Anterior wall B. Posterior wall C. Leftwall D. Right wall
E. Circumferential location

I. Above the pelvic peritoneum Il. Under the pelvic

peritoneum I11. At the level of the peritoneal fold

Macroscopic study of the fresh specimen:

Tumor: dimensions........... | CM (uazmbxen/nanpeyen)
Macroscopic appearance: 1.superficial 2.polypoid 3. ulcerous 4.
Infiltrating ulcer 5. Diffusely infiltrating 6.unclassified
Infiltration through the wall: NO/YES

1. Serosa 2. Perirectal fascia 3. Adjacent organs or

SETUCTUES: ..ttt

Distance: to the proximal resection line............... cm ; to the distal
resection line............. cm;

to the anocutaneous line: 1.rectal distance......... cm 2. Fresh
specimen.......... cm

Assessment of the quality of the mesorectal excision: 1.High; 2. Average;
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- Malignancy grade: G1 G2 G3
- Invasion of blood vessels: NO/YES
- Invasion of lymph vessels: NO/YES
- Perineural invasion: NO/YES

- Anastomotic leak: NO/YES

Surgeon: ....ooeeeeeeeiienn,
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