Techniques in Coloproctology (2025) 29:179
https://doi.org/10.1007/s10151-025-03222-3

ORIGINAL ARTICLE q

Check for
updates

Indocyanine green (ICG) fluorescence guided lymph node mapping
for determination of resection margins in colon cancer — ISCAPE trial

L. Panaiotti'® - A. Karachun?® . A. Muravtseva3® . T. Golovanova®® - M. Khaetskaya3® - M. Shkatov>
A. Petrov*

Received: 7 April 2025 / Accepted: 21 August 2025
© The Author(s) 2025

Abstract

Background Indocyanine green (ICG) lymphangiography for colon cancer has been regarded as a sentinel lymph node (LN)
detection tool, but its repeatedly reported suboptimal sensitivity rates suggest that approach aiming to define locoregional
lymphatic collector margins might be more efficient in guiding surgeon’s decision making. Thus, present study was designed
to determine if sensitivity of the latter approach is sufficient to guide resection margins’ selection in colon cancer surgery.
Methods This is a prospective, single-centre, single-arm phase II interventional trial, including patients with histologically
confirmed colon adenocarcinoma. ICG was injected subserosally in the beginning of operation, fluorescence was assessed
30 min after injection or later, when it became detectable. Primary endpoint was proportion of pN + patients in whom all
metastatic lymph nodes were located within the area of fluorescence of lymphatics (AFL). Secondary endpoints included
feasibility, safety, lymphatic spread patterns and proportion of resections modified based on ICG mapping.

Results Between 26 July 2022 and 27 February 2024, 101 patients underwent colectomies with intraoperative ICG lymphatic
mapping. AFL was registered in all cases. Average lateral spread was 5.87 +3.20 proximally and 5.89 +2.54 cm distally. In
two of 46 pN + cases affected LNs were discovered beyond AFL. ICG lymphatic mapping sensitivity was found to be 95.6%,
which was beyond 0.960-0.990 interval, so null hypothesis was retained.

Conclusions In this trial, metastatic LNs were confined within ICG AFL in 95.6% of pN + cases. Although the predefined
sensitivity threshold was not met, the result suggests potential for ICG mapping to guide resection margins in colon cancer
surgery.

Keywords Indocyanine green (ICG) - Fluorescence lymphangiography - Fluorescence imaging - Lymphatic mapping -
Colon cancer - Complete mesocolic excision (CME)
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was regarded as a sentinel LN detection (SLND) tool [1,
2]. The dye was injected near the tumour to map affected
LNs (LNs). Multiple studies were conducted to investigate
this method [3-7]. However, the accuracy was repeatedly
reported as low. So, when two metanalyses were conducted
in 2019, they both concluded that overall ICG performance
for detection of LNs metastases was poor [1, 2].

Recent data suggest that ICG fluorescent image can
show only patent lymphatics’ anatomy. In cases of LN tis-
sue replacement by cancer cells, LNs lose ability to filtrate
lymph and become an obstacle to lymph flow. It also means
that they become unable to uptake ICG [8, 9]. Mentioned
specificity is supported by clinical data. For example,
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Kinoshita et al. in 2023 observed metastatic LNs both along
ICG-stained and ICG-unstained vascular pedicles [10]. This
feature makes ICG SLND concept invalid and suggests that
another approach is needed.

ICG imaging of the whole locoregional lymphatic col-
lector appears to be more beneficial. It was reported to help
in identifying appropriate vascular pedicle [11, 12], guiding
extension of resection plan [6, 7] and helping to increase LN
harvest [13]. However, yet there is no data on accuracy of
ICG lymphatic collector mapping.

Theoretically ICG visualization of locoregional lymphatic
collector of the segment of the colon affect by a tumour pro-
vides a visual map of oncologically sufficient resection mar-
gins (RMs) both colonic and the colonic mesentery. Thus,
present study was designed to test viability of this concept.

Methods

Present study (ICG fluoreSCence guided lymph node mAP-
ping for determination of rEsection margins in colon cancer
— ISCAPE) is a single centre interventional phase II trial
with single group assignment aiming to investigate feasi-
bility of defining colon RMs for CC with ICG by compar-
ing lymphatic distribution of subserosally injected dye with
actual spread of lymphatic metastases reported by patholo-
gists after specimen examination. Trial’s primary endpoint
was proportion of pN + patients in which affected LNs were
detected only within margins of ICG spread. Secondary end-
points were incidence of adverse events (AE) related to ICG
lymphatic mapping (ICG LM), feasibility of ICG LM for
CC, incidence of LN metastases outside conventional RMs
(10 cm), CC lymphatic spread patterns and proportion of
operations that were affected by ICG LM.

Eligible patients, who signed informed consent, were
allocated for colonic resection with intraoperative ICG
LM (Fig. 1). During pathological examination LNs were
assessed for presence of metastases and location in rela-
tion to tumour and fluorescence margins (Fig. 2). The trial
was registered at ClinicalTrials.gov NCT05468827 on
21.07.2022. Full study protocol was published earlier [14].

Patients

The study was conducted between 26 July 2022 and 27
February 2024 in N.N. Petrov NMRC of oncology in Saint
Petersburg, Russia. Patients aged > 18 years were eligible
if they had colon adenocarcinoma (T1-T4aNO-2bMO-1b),
ECOG 0-2, clinical indication for elective resection and
signed informed consent. Exclusion criteria included urgent
surgery, adjacent organ invasion, carcinomatosis, hypersen-
sitivity or adverse reactions to ICG or iodine, thyroid disor-
ders, kidney or liver failure, or pregnancy. Eligibility criteria
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were defined in study protocol [14]. Eligible patients were
allocated for colonic resection with intraoperative ICG LM.
Analysis was performed after 101 ICG LM procedures.

Intervention

ICG solution was injected into colonic wall subserosally
in the beginning of surgical procedures. ICG powder was
diluted in sterile water to create 0.25% solution (Verdye ).
The NIR mode of Olympus VISERA ELITE II was used to
assess ICG fluorescence in cases of laparoscopic approach
and laparotomy, in cases of robotics — Firefly Fluorescence
Imaging of Da Vinci Xi system. Procedure specifications
and specimen examination details were described in appen-
dix S1 and S2 of study protocol [14].

Perioperative treatment

Preoperative investigations, treatment of co-morbidities,
perioperative care and treatment for complications were
provided according to local guidelines. Complications were
registered according to Clavien—Dindo classification[15].

Sample size calculation

Considering its clinical significance, sensitivity was chosen
as primary end point assessment method. It was assumed,
that sensitivity of 99% would be sufficient to affect decision
making on RMs. Sample size of 101 patients was calculated
using Buderer method [16] with a confidence level (1-a)
of 0.95 as a minimum of cases required to test accuracy of
1CG lymphatic mapping for estimated sensitivity of 0.99 and
precision of 0.03.

Statistical analysis

Primary endpoint was assessed using standard formula for
sensitivity calculation. Secondary endpoints were assessed
with descriptive statistics, parametric and non-parametric
tests. Descriptive statistics and significance tests were per-
formed with SPSS® software (IBM, Armonk, New York,
USA). ITT (intention-to-treat) and PP (per-protocol) analysis
of AE were performed to avoid underestimation of potential
harms of ICG LM procedure.

Results
Patient enroliment
In total, 108 Patients signed an informed consent and under-

went screening to participate in the trial. Demographic data
are presented in Table 1 [17]. Among consented patients,
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Fig. 1 Examples of fluorescence of LN groups recorded during surgi-
cal procedure. Legend: 201 — paracolic LNs (D1) of ileocolic artery,
202 — mesocolic LNs (D2) of ileocolic artery, 221 — D1 of mid-
dle colic artery, 231 — D1 of left colic artery, 232 — D2 of left colic
artery, 241 — D1 of sigmoid arteries, 242 — D2 of sigmoid arteries,

94.37% (101) underwent ICG LM procedure. Out of those,
who did not receive it, one patient had atrial fibrillation on
the day of surgery, in two cases NIR camera was unavail-
able and in four cases the number of peritoneal adhesions
made visualisation of tumour impossible prior to mobilisa-
tion step. Data on all enrolled patients (108) was included
into ITT analysis; PP analyses was performed using data on
patients who underwent ICG LM (101).

Surgical procedures

Data on surgical procedures are presented in Table 2.

252b D2 along inferior mesenteric artery (IMA) distal to the point of
origin of left colic artery, 252a D2 along IMA proximal to the point
of origin of left colic artery. Fluorescence of paracolic nodes and
along vascular tie was recorded and depicted to ensure proper lym-
phatic node group and ICG spread marking after specimen removal

Eleven patients underwent high anterior instead of sig-
moid resection to achieve sufficient distal clearance. One
patient received proctocolectomy owing to familiar adeno-
matous polyposis. Two sigmoid resections included simulta-
neous procedures: removal of an abnormally looking ovary
and resection of abdominal wall and left gonadal vessels,
respectively.

There were three cases of intraoperative complications
— all vessel injuries: ileocolic vein, small bowel mesen-
tery vessels and right superior colic vein (Supplementary
Table 1) In all situations vessels were clipped, no conse-
quences recorded, no relation to ICG injection.
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Fig.2 Example of specimen marking (left to right — right hemicolec-
tomy, splenic flexure resection, sigmoid resection). Legend: Tags
are attached to the specimen according to Japanese classification of
lymphatic node groups [31]. Segments of D1 collector are named
according to Japanese Classification of pericolic lymphatic collector

Safety assessment

No ICG or mapping procedure-related AE were recorded
during the study. Overall percentage of complications did
not exceed average statistics of our centre — 33.33% (36 of
108).

Postoperative period was uneventful for 69.31% (72) of
patients who underwent ICG LM and 28.57% (2) of subjects
who could not receive the allocated procedure. Majority of
registered AE were classified as Clavien—Dindo 1-2 and
required medical treatment. Proportions of more severe AE
were higher in the group of patients, where ICG LM was
not performed. Complications, classified as Clavien—Dindo
4a happened in 2.97% (3 patients) in PP group and 28.57%
(2 patients) in no ICG group. The only death was recorded
in a patient who could not undergo ICG mapping due to
multiple peritoneal adhesions. Data on severity of recorded
AE are presented in Supplementary Table 1 and their range
is specified in Supplementary Table 2.

ICG lymphatic mapping

In all mapping procedures area of fluorescence of lymphat-
ics (AFL) was visualised. D1 collector presented identifi-
able fluorescence in all cases, but lymphatics of vascular
tie could not be appreciated in one of the patients. Data on
intraoperative fluorescence assessment are presented in Sup-
plementary Table 3.

Time until appearance of AFL was recorded. In 12.87%
(12 cases) AFL along vascular tie was appreciated within
30 min from injection, in 44.55% (45 cases) fluorescence
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groups [25]. I0 (ICG oral direction spread) and IA (ICG anal direc-
tion spread) marks are borders of D1 ICG spread visualized during
surgical procedure. So, the area of ICG fluorescence is projected on
lymphatic node groups harvested during surgery

took 30—45 min, in 28.71% (29 cases) fluorescence took
45-60 min and in 13.86% (14 cases) fluorescence took
more than an hour to become detectable. Similar pattern was
encountered for D1 fluorescence: less than 30 min — 6.93%
(7 cases), 30-45 min — 48.51% (49 cases), 45-60 min
—29.70% (30 cases), more than 60 min —31.25% (15 cases).

Mentioned time gaps resulted in fluorescence assessment
at various steps of surgical procedure. Thus, only laparo-
scopic assessment was performed in 37.62% (38 cases) of
cases. In 9.90% (10 cases), despite presence of fluorescence
on laparoscopy, proper mesentery assessment could not be
completed, and margins of ICG spread were also assessed
during minilaparotomy before specimen removal. And in
48.51% (49 cases), fluorescence could not be appreciated
up until minilaparotomy step. In 3.96% of cases, assessment
was performed during open surgery (two laparotomies and
two conversions from laparoscopy to laparotomy).

D1 fluorescence was present in all cases. It was registered
strictly within margins of initial resection plan in 98.02%
(99 patients). In two cases, one splenic flexure tumour and
one sigmoid tumour, fluorescence was seen beyond planned
RMs. In both cases, RMs were extended, but no metastatic
LN were found (pNO).

Distance of ICG lateral spread within D1 lymphatic col-
lector was a subject of significant variability with no obvi-
ous connection to location of primary tumour or direction
of lymphatic flow. Data on distances of ICG D1 lymphatic
spread according to pathological reports are presented in
Table 3. Average distance of ICG spread in proximal direc-
tion was 5.87 +3.20 cm (1.50-23.00 cm), in distal direction
—5.89+2.54 cm (2.00-15.00 cm).
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Table 1 Demographics

Table 2 Surgical procedures

Age
Sex

Body mass index

Tumour location

63.99+10.29 (35-88) years
Male 49.07% (53/108)
Female 50.93% (55/108)
27.2+4.9 (20.9-41.3)
Caecum 5.56% (6/108)

Ascending colon 17.59% (19/108)
Hepatic flexure 3.70% (4/108)

Proximal portion of transverse colon 2.78%
(3/108)

Middle third of transverse colon 2.78% (3/108)
Distal portion of transverse colon 4.63% (5/108)
Splenic flexure 4.63% (5/108)
Descending colon 12.04% (13/108)
Sigmoid colon 46.29% (50/108)
4.72+1.92 (1.2-10) cm
Adenocarcinoma low grade 93.52% (101/108)
Adenocarcinoma high grade 1.85% (2/108)
Adenocarcinoma (grade N/A) 2.78% (3/108)
Signet cell tumour 1.85% (2/108)
cT T12.78% (3/108)

T2 20.37% (22/108)

T3 64.81% (70/108)

T4a 12.04% (13/108)
cN NO 25.00% (27/108)

Nla23.15% (25/108)

N1b 28.70% (31/108)

Nlc 0% (0)

N2a 15.74% (17/108)

N2b 7.41% (8/108)
cM MO 92.59% (100/108)

Mla 7.41% (8/108)

M1b 0% (0)

Tumour size

Tumour pathology

cT clinical tumour stage, 7/ tumour invasion into (but not through)
submucosa, 72 — tumour invasion into (but not through) muscular
layer, T3 tumour invasion through muscular layer into subserosa, or
into non-peritonealised pericolic tissues, 74a tumour invasion of the
visceral peritoneal layer, ¢N clinical nodal status, NO no evidence
of nodal involvement, N/a involvement of one regional node, NI1b
involvement of 2-3 regional nodes, N/c deposits involving serosa or
non-peritonealised pericolic/perirectal tissues without regional nodal
metastasis, N2a involvement of 4-6 nodes, N2b involvement of >7
nodes, cM clinical evidence on distal metastases, M0 no evidence of
metastases, M1a distant metastases confined to one organ, M1b dis-
tant metastases to more than one organ, but without peritoneal metas-
tases [15]

Regarding AFL along vascular tie, it was encountered
in 99.01% (100 cases). Case with no recorded fluorescence
along vascular pedicle were classified as pNO. During
87.13% (88) procedures fluorescence was observed along
one vascular pedicle, and in 11.88% (12 cases) of cases two
fluorescent pedicles were encountered. The latter group did
not show any relationship between presence of fluorescence

ITT (107 patients*) PP (101 patients)

Type of surgery
Right hemicolectomy 21.10% (29) 25.74% (26)
Extended right hemicolec-  7.47% (8) 6.93% (7)
tomy
Transverse colon resection  0.93% (1) 0.99% (1)
Extended left hemicolec- 1.87% (2) 1.98% (2)
tomy
Splenic flexure resection 12.15% (13) 12.87% (13)
Left hemicolectomy 3.74% (4) 3.96% (4)
Sigmoid resection 35.51% (38) 36.63% (37)
High anterior resection 10.28% (11) 9.90% (10)
Proctocolectomy 0.93% (1) 0.99% (1)
Approach
Laparoscopy 82.24% (88) 82.18% (83)
Laparotomy 1.87% (2) 1.98% (2)
Conversion: laparoscopy 1.87% (2) 1.98% (2)
to open
Robot 14.02% (15) 13.86% (14)

*Data on 107 of 108 enrolled patients available for ITT analysis,
because one of enrolled patients had atrial fibrillation on day of sur-
gery and did not undergo surgical procedure, and therefore data on
that case are not included into surgical procedures analysis

ITT intention-to-treat analysis, PP per-protocol analysis

and LN metastatic involvement: 41.67% (five cases) were
pNO, 41.67% (five cases) were pN + without D2 involve-
ment, 8.33% (one case) had lymphatic metastases along
one pedicle and 8.33% (one case) had lymphatic metastases
along both pedicles.

Specimen examination

Pathological examination included both investigation of con-
ventional parameters and comparison of metastatic spread to
ICG distribution. Data on pathological examination results
are presented in Supplementary Table 4. According to path-
ological reports, 45.54% (46 cases) were found to be pN +.
Data on the relationship between metastatic LNs, ICG distri-
bution and RMs for these patients are presented in Table 4.

Of all pN +cases, 95.65% (44) had D1 involvement.
Invasion of LNs along vascular pedicle (s) was present in
47.83% (18 cases), and 4.35% (2 cases) had LN metasta-
ses in D2 +D3 nodes skipping D1 level. Regarding lat-
eral spread, LNs within 5 cm of the primary tumour were
affected in 34.78% (16 cases), and in 4.35% (2 cases) this
was encountered without metastatic involvement of nodes
adjacent to the tumour. Lymphatic metastases within
5-10 cm from tumour were seen in 6.52% (three cases).
There was one case (2.17%) with metastatic involvement of
D1 LNs adjacent to the tumour and a single LN metastasis in
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Table 3 ICG distribution in different tumour locations according to pathological report

Proximal ICG spread (cm)

Distal ICG spread (cm)

Caecum
(6 cases)

7.33+/-5.81 (3.00 — 19.00)

Ascending
colon
(15 cases)

4.70+/-2.29 (1.50 — 9.00)

Hepatic flexure
(5 cases)

Proximal part
of transverse
colon
(3 cases)

9.70+/-7.65 (4.50 — 23.00)

3.00+/-1.32 (2.00 — 4.50)

Middle part of
transverse
colon
(2 cases)

8.50+/-0.71 (8.00 — 9.00)

Distal part of
transverse
colon
(4 cases)

7.334/-6.00 (4.00 — 16.30)

Splenic flexure

7.20+/-2.39 (5.00 — 11.00)

8.00+/-1.64 (6.00 — 10.00)

6.93+/-3.16 (2.00 — 13.00)

6.90+/-2.19 (4.00 — 10.00)

4.00+/-1.50 (2.50 — 5.50)

4.50+/-0.71 (4.00 — 500)

6.634/-0.48 (6.00 — 7.00)

7.70+/-2.33 (5.00 — 9.00)

(101 cases)

o D e——
Descending 5.46+/-2.13 (2.50 — 10.00) 7.54+/-3.44 (3.00 — 15.00)
colon
(3 ey I
. A 5,74+/-2.08 (2.00 — 11.00) 4.97+/-1.86 (2.00 — 11.00)
Sigmoid
- I
All 5.87+/-3.20 (1.50 — 23.00) 5.89+/-2.54 (2.00 — 15.00)

pN+
(46 cases)

5.98+/-3.55 (1.5 — 23.00)

pNO
(55 cases)

5.78+/-2.91 (2.00 — 19.00)

5.90+/-2.19 (2.0 — 13.00)

5.89+/-2.82 (2.00 — 12.00)

Results of ICG lateral spread along pericolic lymph nodes for 101 patients who underwent ICG
lympatic mappig procedure
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Table 4 Relationship between ICG distribution and presence of metastases in lymphatic nodes

Proximal direction D1 spread

Beyond
15 cm

N30 N20
(10-15cm 5-10 cm

Caecum
(case 1)

Caecum
(case 2)

Ascending colon
(case 1)

Ascending colon
(case 2)

Ascending colon
(case 3)

Ascending colon
(case 4)

Ascending colon
(case 5)

Ascending colon
(case 6)

Ascending colon
(case 7)

Ascending colon
(case 8)

Hepatic flexure
(case 1)

Hepatic flexure
(case 2)

Proximal transverse
colon
case 1
Proximal transverse
colon
case 2

Distal transverse colon

(case 1)

Distal transverse colon
(case 2)

Distal transverse colon
(case 3)

Splenic flexure
(case 1)

NT
(tumour)

R B

Distal direction D1 spread

N2A N3A
5-10cm) | (1015 cm)

Beyond
15cm

D2-3 collector
metastases

|

Proximal direction D1 spread

Beyond
15 cm

N3O0 N20
(10-15cm) 5-10 cm

Splenic flexure
(case 2)

Descending colon
case 1

Descending colon
(case 2)

Descending colon
(case 3)

Descending colon
(case 4)

Sigmoid
(case 1)

Sigmoid
(case 2)

Sigmoid
(case 3)

Sigmoid
(case 4)

Sigmoid
(case 5)

Sigmoid
(case 6)

Sigmoid
(case 7)

Sigmoid
(case 8)

Sigmoid
(case 9)

Sigmoid
(case 10)

Sigmoid
(case 11)

Sigmoid
(case 12)

Sigmoid
(case 13)

NT
(tumour)

Distal direction D1 spread

D2-3 collector

N2A N3A Beyond

15 cm

metastases

510 cm; 10— 15 cm)

@ Springer
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Table 4 (continued)

Proximal direction D1 spread

Beyond N30
15 cm (10-15 cm)

NT
(tumour)

Sigmoid
(case 14)
Sigmoid
(case 15)
Sigmoid
(case 16)

Sigmoid
(case 17)

Sigmoid
(case 18)

Sigmoid
(case 19)

Sigmoid
(case 20)

Sigmoid
(case 21)

Sigmoid
(case 22)

Sigmoid
(case 23)

Data on relation between ICG distribution and presence of metastases in lymphatic nodes for cases with lymph node metastases according to

Distal direction D1 spread

D2-3 collector

Beyond metastases

(10-15 cm) 15 cm

N2A N3A
(5-10 cm)

histopathology report. Grey color represents segments of pericolic (D1) collector removed during surgical procedure, Green color represents
segments of D1 collector or vascular pedicle which where fluorescence was registered, Red color represents segments of D1 collector or
vascular pedicle, where metastatic lymph noded were found during pathological examination, NT — pericolic lymph nodes adjacent to the
tumour, N10 — pericolic lymp nodes located 0-5 cm cranially, N20O — pericolic lymp nodes located 5-10 cm cranially, N3O — pericolic lymp
nodes located 10-15 cm cranially, N1A — pericolic lymp nodes located 0-5 cm caudally, N20O — pericolic lymp nodes located 5-10 cm caudally,

N30 — pericolic lymp nodes located 10-15 cm caudally.

15 cm from primary tumour, with no lymphatic metastases
between them.

In 43.6% (44 cases) lymphatic metastases were found
only within borders of AFL appreciated intraoperatively.
In two cases, lymphatic metastases were discovered outside
AFL: one case of sigmoid tumour with subtotal involve-
ment of adjacent pericolic LNs (sigmoid case 4 in Table 4)
and one case of proximal transverse colon tumour with
involvement of 3 D1 nodes adjacent to tumour and 1-15 cm
proximally (proximal transverse colon case 2 in Table 4). In
both cases non-fluorescent metastatic nodes were discovered
proximally to the tumour. Given the low number of cases, it
was difficult to conclude if it was coincidence.

Table 5 Accuracy calculations

Accuracy calculations

After completion of enrolment a 2 X2 diagnostic accu-
racy table was created (Table 5). Accuracy calculations
were performed using standard formulas. Sensitivity =44/
(44 +2)=0.956. Specificity =0/(0 + 55) = 0. Positive pre-
dictive value (PPV)=44/(44 + 55) =0.444. Negative pre-
dictive value (NPV)=0/(0+2)=0. Accuracy = (44 + 0)/
(444+0+55+2)=0.436. Since sensitivity was found to be
0.956, which is beyond 0.960-0.990 interval, null hypoth-
esis was not rejected.

pN+

pNO

Fluorescence registered

Fluorescence not registered

Lymph nodes only within fluorescence margins (TP) — 44 cases

pN + with metastatic lymph nodes outside fluorescence zone/in the absence of
fluorescence — false negative (FN) — 2 cases

pNO in presence
of fluores-
cence (FP) —
55 cases

No fluorescence
in pNO (TN)-
0 cases

TP true positive, TN true negative, FN false negative, FP false positive

@ Springer
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Discussion

The primary aim of this study was to assess sensitivity
of ICG LM for CC by comparing borders of fluorescence
appreciated intraoperatively to results of pathological
report. The calculated sensitivity turned out to be beyond
confidence interval, so we could not conclude that it was
sufficient. However, despite accepting null hypothesis,
the calculated sensitivity of 0.956 was still very high and
much higher than figures obtained in studies focusing on
sentinel LN retrieval approach [1, 2]. It might mean that
approach to ICG LM analysed in this study is more reli-
able than previously described ones; however, larger stud-
ies with more advanced pathological examination will be
needed to prove that.

Regarding calculation of other accuracy parameters,
PPV and NPV were as low as 0.444 and 0, with accu-
racy of 0.436. This situation is caused by initial choice
of study hypothesis and primary end point calculation
aiming at investigating sensitivity. A case of affected LNs
only within AFL was regarded as a true positive case, no
fluorescence in pNO — true negative, pN + because of meta-
static LNs outside AFL — false negative, pNO despite pres-
ence of fluorescence — false positive. Even though this is
an obvious limitation of the study, such approach allowed
to focus on the most clinically relevant point of ICG LM
for CC, the ability to highlight the area of potential/actual
metastatic spread.

There were two cases when metastatic LNs were dis-
covered beyond AFL. It might have been because they
were located too deep within the mesentery to locate them
with near-infrared light, absence of fluorescence because
of metastatic replacement of tissue, or inefficient exami-
nation of mesentery. Pathological examination did not
include methods allowing to check ICG uptake or propor-
tion of LN metastatic involvement, so it was impossible
to clarify the exact reasons behind failure to register fluo-
rescence in those cases. This fact can be considered as
a limitation to the present study, and suggests that more
studies are needed to investigate reasons behind failure to
identify metastatic LN during ICG LM procedure.

In current study presence of fluorescence was reas-
sessed up until it appeared. This resulted in visualizing
it in all cases and finding out that in 13.86% cases vascu-
lar tie fluorescence and in 31.25% cases D1 fluorescence
took more than an hour to become detectable. Such result
is different from figures obtained by other authors, who
repeatedly reported lower detection rates [3, 18, 19].
However, the idea of extended observation helping to
improve detection rates, although not currently being uni-
versally accepted, was previously mentioned. There are
studies where 30—60 min after surgery was regarded as a

timeframe when in majority of cases fluorescence starts
to appear [10, 20-23]. So, even though biased by the aim
to detect fluorescence in as many cases as possible, we
obtained figures supporting concept of extended observa-
tion time and suggesting that lymphatics’ fluorescence has
a potential to appear in all cases. Currently there is no reli-
able data on factors that can predict time until detectable
fluorescence, only theoretical considerations on the role
ICG dosage and concentration, and patient’s body mass
index and tumour stage. Thus, a trial focusing specifically
on influence of various factors on time until intelligible
fluorescence is necessary for better understanding of time
required for the fluorescence to appear, primarily to allow
planning of fluorescence assessment during a surgical
procedure.

In the present study fluorescence was registered strictly
within margins of initial resection plan in 98.02% (99
patients) of patients. This figure is in line with consider-
ations of some authors [4, 24], but does not match other
results [6, 7]. Possible explanation of this situation is pres-
ence of differences in understanding of “conventional RMs”.
Currently, there are two concepts of oncologically sufficient
colonic resection. The “eastern,” or “D3” or “segmental”
colectomy approach focuses on feeding vessel ligation at
the point of origin with relatively small proximal and dis-
tal colon resection clearance explained by available data on
risks of D1 node groups involvement [25]. Complete mes-
ocolic excision concept is contrary focusing on extended
RMs and maximum LN harvest with emphasis on following
embryonic plane between mesocolic and retroperitoneal fas-
cia [26]. There are data on specimens obtained via segmen-
tal, “eastern” or “D3” approach being smaller than those
resected as per CME rules [27]. This fact can explain why
some investigators see ICG LM as a tool to decrease and
tailor RMs to avoid established CME [4, 24], while others
regard it as a way to extend plane of resection and retrieve
more potentially metastatic LNs [6, 7, 11, 12, 28, 29]. In
the present study an average of 25.36+ 12.03 cm of colon
were resected, because the centre, where it was conducted,
follows principles of CME surgery when establishing resec-
tion plan [26, 30].

Regarding comparison of AFL and actual LN metastatic
involvement, the current study confirmed that NIR picture
reflects functional lymphatic pathways draining certain
colon segment. Various relationships between D1 metas-
tases and ICG spread were recorded (see Table 4) without
any specific relation to tumour characteristics and N stage.
The same type of variability was seen for fluorescence and
metastatic involvement of vascular pedicles.

During analysis of AE, it was noted that the complica-
tion rate in PP group (30.69%) was significantly lower
than among patients who could not undergo mapping
procedure (71.43%). Even though, comparison including
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an extremely small sample (seven subjects) should not be
performed owing to high risk of both type 1 and 2 errors,
and no calculations were performed to compare samples,
we noted a tendency of high interest that is worth being
discussed. The main reason for cancelling mapping proce-
dure was number of peritoneal adhesions rendering visu-
alisation of tumour impossible prior to mobilization step.
It made those operations more challenging and might have
resulted in more eventful patient recovery.

Overall, the present trial design allowed us to obtain
and describe relationships between AFL that were created
during ICG LM and assess the actual spread of lymphatic
metastases. It was shown that in majority of cases, the area
of metastatic LN involvement is included into AFL, and
the obtained sensitivity suggests that ICG LM might have
a potential to guide RM in CC surgery.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10151-025-03222-3.
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