ORIGINAL RESEARCH  Opuzinanoii 0ocnioxcenis

ISSN 2786-5584 PRINT
ISSN 2786-5592 ONLINE

UDC 616.348-006.6-073.7-089
DOI http://doi.org/10.30978/GS-2025-3-43

The role of minimally invasive diagnostic
techniques in optimizing treatment strategies
in patients with colorectal cancer

0. A. Danylenko, O. O. Piskorskyi

Bogomolets National Medical University, Kyiv

DX Oleksandr Danylenko: danylenko619@gmail.com

O.A. Danylenko, https://orcid.org/0009-0007-7518-9986
0. 0. Piskorskyi, https://orcid.org/0000-0002-2202-4201

OBJECTIVE — to improve staging accuracy and optimize therapeutic strategies in patients with colorectal cancer
by performing minimally invasive diagnostic procedures, specifically diagnostic laparoscopy with peritoneal
lavage and cytological examination, and mediastinoscopy with targeted lymph node biopsy, in cases where con-
ventional imaging methods (computed tomography [CT], magnetic resonance imaging [MRI], positron emission
tomography combined with computed tomography [PET-CT]) yield equivocal or inconclusive results.

MATERIALS AND METHODS. This ambispective (retrospective—prospective) study was conducted from 2023 to
2025 and included 37 patients with colorectal cancer who had inconclusive standard imaging results regarding
distant metastases or peritoneal carcinomatosis. Patients were allocated into two groups: 22 patients with sus-
pected peritoneal carcinomatosis underwent diagnostic laparoscopy with peritoneal lavage, peritoneal biopsy,
and cytological analysis, while 15 patients with suspected mediastinal lymph node involvement underwent
cervical mediastinoscopy with targeted lymph node biopsy. Diagnostic accuracy, the impact of findings on sub-
sequent therapeutic management, and procedural safety were evaluated.

REsuLTs. Peritoneal carcinomatosis was morphologically confirmed in 19 of 22 patients (86.4 %), and metastatic
involvement of mediastinal lymph nodes was confirmed in 11 of 15 patients (73.3 %). Verification of the patho-
logical process resulted in a change in therapeutic strategy for 29 of 37 patients (784 %). Specifically, 27 patients
(73.0 %) received systemic chemotherapy, 7 patients (18.9 %) underwent radical surgical procedures, 2 patients
(5.4 %) underwent palliative resection, and 1 patient (2.7 %) declined further treatment. No serious intraopera-
tive complications were observed. Minor postoperative events, including pain at the puncture site, subcutaneous
emphysema, and transient fever, occurred in 8 patients (21.6 %) and did not require additional treatment.
Concrusions. Incorporating diagnostic laparoscopy and mediastinoscopy into the colorectal cancer staging
algorithm yields high diagnostic accuracy, supporting personalized treatment planning. The application of mini-
mally invasive methods reduces unnecessary surgical interventions, shortens the time to initiation of systemic
therapy, and may improve prognosis in patients with advanced disease.
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Colorectal cancer (CRC) is one of the most prevalent
malignant neoplasms and a leading cause of cancer-
related mortality worldwide [10]. Prognosis is closely
linked to the stage at diagnosis. Early-stage detection
is associated with improved survival rates and the po-
tential for radical treatment, whereas distant metas-
tases significantly reduce the likelihood of favourable
outcomes [10]. The National Comprehensive Cancer
Network (NCCN) guidelines for Colon and Rectal
Cancer (version 2.2024) underscore the importance
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of accurate staging in selecting optimal therapeutic
strategies [1]. Digital imaging modalities, including
computed tomography (CT), magnetic resonance
imaging (MRI), and positron emission tomography
combined with computed tomography (PET-CT), are
routinely used to assess primary tumour size, regional
lymph node involvement and the presence of distant
metastases. Despite their widespread use, these im-
aging techniques have limited sensitivity for detect-
ing microscopic lesions, such as occult peritoneal
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carcinomatosis, and for evaluating non-regional lymph
nodes, including mediastinal lymph node involvement
[5, 10]. CT scanning, in particular, has low sensitivity
for identifying peritoneal metastases<5 mm in di-
ameter [11]. Furthermore, hypermetabolically active
mediastinal lymph nodes observed on PET-CT may
be reactive, resulting in false-positive findings [4]. Tu-
mours have traditionally been considered the primary
consumers of glucose in the body, a concept that un-
derpins PET-CT tumour visualization using a radio-
active glucose tracer to identify regions of elevated
glucose metabolism. However, recent studies indicate
that tumours are highly heterogeneous and consist of
various cell types. Research conducted by a team of
American investigators has shown that immune cells,
specifically macrophages and T cells, are the primary
consumers of glucose within tumours, rather than
malignant cells. In contrast, tumour cells utilize gluta-
mine and fatty acids as their principal energy sources.
This finding represents a significant advancement and
may substantially influence future approaches to can-
cer diagnosis and treatment [6].

The primary disadvantage of PET-CT includes
undetected (false negative) peritoneal carcinoma-
tosis in patients with CRC, potentially resulting in
exploratory or palliative surgery. Conversely, a false
positive PET-CT result may prevent patients from
receiving potentially beneficial radical bowel resec-
tion. In these controversial cases, morphological
verification of suspicious changes is required [5].

The NCCN guidelines recommend the use of mini-
mally invasive diagnostic techniques when imaging
data are inconclusive [1]. Specifically, diagnostic lapa-
roscopy with peritoneal lavage for cytology is advised
for suspected peritoneal carcinomatosis, while medi-
astinoscopy is recommended for patients with CRC
who present with enlarged mediastinal lymph nodes
[1]. These procedures provide direct morphological

Figure 1. Enlarged paratracheal lymph nodes
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verification. Laparoscopy enables assessment of the
macroscopic condition of the peritoneum and collec-
tion of peritoneal lavage samples for cytology and bi-
opsy. Mediastinoscopy facilitates the acquisition of his-
tological samples from a suspicious lymph node. Previ-
ous studies have shown that in localized CRC, positive
peritoneal lavage cytology serves as an independent
negative prognostic marker associated with a high risk
of peritoneal recurrence [3]. Incidental confirmation of
mediastinal metastases by imaging alone has been re-
ported only in isolated clinical cases [2], underscoring
the necessity for histological confirmation.

This study examined the impact of diagnostic
laparoscopy with cytological analysis and mediasti-
noscopy with targeted lymph node biopsy on initial
treatment planning and the consistency between
clinical and morphological data.

OBJECTIVE — to improve staging accuracy and
optimize therapeutic strategies in patients with
colorectal cancer by performing minimally inva-
sive diagnostic procedures, specifically diagnostic
laparoscopy with peritoneal lavage and cytological
examination, and mediastinoscopy with targeted
lymph node biopsy, in cases where conventional im-
aging methods (computed tomography [CT], mag-
netic resonance imaging [MRI], positron emission
tomography combined with computed tomography
[PET-CT]) yield equivocal or inconclusive results.

Materials and methods

Study design. This retrospective-prospective clini-
cal study was conducted from 2023 to 2025 and in-
cluded 37 patients with colorectal cancer (CRC).

The inclusion criteria for patients in this study
required the presence of suspicious radiological
signs indicating potential metastasis to the peri-
toneum or mediastinal lymph nodes. Specifically,
these signs included ascites, peritoneal thickening,
or enlarged (> 11 mm) mediastinal lymph nodes of
undetermined origin (Fig. 1).

Methods. All patients underwent standard imag-
ing, which included CT of the chest, abdomen, and
pelvis. Intravenous contrast was administered when
indicated. If imaging results suggested possible peri-
toneal carcinomatosis or mediastinal lymph node in-
volvement, a minimally invasive procedure was per-
formed (diagnostic laparoscopy or mediastinoscopy,
respectively). Patients were then preliminarily divid-
ed into two groups: those with suspected peritoneal
carcinomatosis (n=22) and those with suspected
mediastinal lymph node involvement (n=15).

All procedures were conducted under general an-
aesthesia. For suspected peritoneal carcinomatosis, di-
agnostic laparoscopy with peritoneal lavage or ascites
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aspiration was performed. When ascites volume ex-
ceeded 500 ml (Fig. 2), aspiration was followed by cy-
tological examination of the fluid. In the absence of as-
cites, 400 ml of saline was injected and then aspirated,
as recommended by cytologists. The collected wash-
ings were analyzed using standard cytological tech-
niques to detect tumour cells in the peritoneal fluid.

Patients with suspected mediastinal lymph node
involvement underwent standard mediastinoscopy
by the technique of Carlens.

Following mediastinal examination, targeted bi-
opsies were obtained from all enlarged lymph nodes
(> 11 mm) or those deemed suspicious. The biopsy
specimens were submitted for histological analysis.

Outcomes Evaluation. The main endpoints includ-
ed: (1) changes in treatment strategy after obtaining
cytology/histology data (e.g., transition from pos-
sible (according to non-invasive diagnostic methods)
radical surgery to palliative therapy or vice versa);
(2) correlation between cytology/histology results
and primary imaging data (confirmation or refutation
of initial clinical suspicion); (3) safety of procedures
(frequency and severity of complications).

Statistical analysis was performed using descriptive
statistical methods, including the number and per-
centage for categorical variables and the arithmetic
mean with standard deviation for continuous values.

The study was conducted in accordance with the
principles outlined in the Declaration of Helsinki.
Informed consent was obtained from all participants.

Results

Histological and/or cytological analysis confirmed
metastatic peritoneal involvement in 19 of 22 pa-
tients (86.4 %) who were diagnosed with peritoneal
carcinomatosis using non-invasive diagnostic tech-
niques (Fig. 3). Morphological confirmation of me-
tastasis to mediastinal lymph nodes was achieved in
11 (73.3 %) of 15 (86.4 %) patients with mediastinal
lymphadenopathy identified by CT or PET-CT.

The findings allowed for personalized adjust-
ment of further treatment strategies. Specifically,
27 (72.9 %) patients who underwent diagnostic lapa-
roscopy or mediastinoscopy and were confirmed to
have stage IV disease received chemotherapy, since
surgical intervention was inappropriate. The remain-
ing patients, who didn’t present with metastases in
the mediastinal lymph nodes and peritoneal carcino-
matosis, underwent radical surgery. In two (5.4 %)
cases, palliative intestinal resection was performed
for urgent indications (acute intestinal obstruction).
One (2.7 %) patient declined further treatment.

No intraoperative complications occurred dur-
ing laparoscopy or mediastinoscopy. The duration of
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hospital observation ranged from 24 to 48 hours. Mild
postoperative pain, isolated seromas at the surgical
wound site, and a transient increase in body tempera-
ture to 37.8 °C were observed in 8 (21.6 %) patients.
A summary of the study results is presented in Table.

Discussion

The study demonstrates that minimally invasive
techniques, including diagnostic laparoscopy with
peritoneal biopsy and cytological analysis of fluids
and mediastinoscopy with biopsy, provide high diag-
nostic efficiency and clinical value in patients with
suspected peritoneal carcinomatosis or metastatic
involvement of mediastinal lymph nodes in CRC.
Among patients with suspected peritoneal carci-
nomatosis (n=22), cytology and histology did not
confirm the lesion in 3 patients (13.6 %), allowing for
safe radical surgery and avoiding unnecessary pallia-
tive interventions and PCT. In contrast, 19 patients
(86.4 %) with confirmed peritoneal carcinomatosis
required systemic therapy. For patients with suspect-
ed mediastinal lymph node involvement (n=15), 4

Figure 3. Confirmed peritoneal carcinomatosis
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Table. Clinical results of the study

Group n Procedure

Result

Laparoscopy + histological
examination + peritoneal
(86.4%) lavage/ascites aspiration
(fluid cytology)

Suspected peritoneal 19
carcinomatosis
(Group A)

Confirmed carcinomatosis. Scheduled or palliative
polychemotherapy (PCT) (n=17) and palliative surgery
(n=2) were prescribed.

Laparoscopy + histological

usperied pariionel 3 examination + peritoneal

Carcinomatosis was not confirmed. Planned radical surgery
was performed (left or right hemicolectomy depending on
the location of the tumour).

Metastatic involvement of mediastinal lymph nodes was
confirmed. Systemic chemotherapy was prescribed (n= 10).
One patient declined treatment.

((:aGrféI&OI%a)tOSIS (13.6 %) lavage/ascites aspiration
P (fluid cytology)
Suspected metastatic

involvement of 11 o .
mediastinal lymph (73.3%) Mediastinoscopy + biopsy
nodes (Group C)

Suspected metastatic

involvement of 4 . .
mediastinal lymph (26.7 %) Mediastinoscopy + biopsy
nodes (Group D)

Metastatic involvement of mediastinal lymph nodes was
not confirmed. Planned radical surgery (left or right
hemicolectomy depending on tumour location) was
performed

patients (26.7 %) showed no metastatic cells in their
histological samples, allowing for radical surgical
treatment. In the remaining patients (73.3 %), histo-
logical confirmation of metastases resulted in upstag-
ing to stage IV and necessitated PCT.

The present findings are consistent with previous
research, which supports both financial and clini-
cal feasibility of laparoscopy and mediastinoscopy
for staging colorectal cancer. Notably, multicenter
studies have shown that positive cytology of peri-
toneal washings serves as an independent negative
prognostic marker, correlating with a higher risk of
peritoneal recurrence and reduced survival [3]. The
reported 20—30 % frequency of false-positive PET-
CT results in the mediastinum (20-30 %) high-
lights the need for histological verification in cases
of mediastinal lymphadenopathy [11].

The safety of these procedures was confirmed by
the absence of serious complications: patients un-
derwent laparoscopy and mediastinoscopy without
significant adverse events, which is consistent with
the literature data on the low risk of postoperative
complications in minimally invasive interventions
[7]. Furthermore, these methods offer the advan-
tage of direct visualization and assessment of le-
sions, a benefit not achievable through digital imag-
ing techniques alone.

The primary limitations of this study include a rela-
tively small sample size and a mixed retrospective-pro-
spective design, which may limit the generalizability
of the results. Nevertheless, the findings confirm the
practical diagnostic value of minimally invasive tech-
niques for cancer staging and establish a foundation for
further multicenter studies to evaluate their impact on
long-term survival and patient quality of life.
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Conclusions

Diagnostic laparoscopy with histological examina-
tion, peritoneal lavage followed by cytological anal-
ysis, and mediastinoscopy with biopsy provide valu-
able and informative adjuncts to standard imaging
modalities in the diagnosis of colorectal cancer.

The application of these techniques enhances the
accuracy of clinical cancer staging, particularly in
cases with suspected metastatic tumour spread.

Negative findings from these studies support the
feasibility of safe radical surgery, whereas positive
findings facilitate timely referral to systemic thera-
py for stage IV disease.

The implementation of an integrated approach
reduces the risk of unnecessary surgical interven-
tions and addresses potential limitations in existing
treatment strategies. This approach is consistent
with current recommendations from the National
Comprehensive Cancer Network (NCCN) and the
European Society for Medical Oncology (ESMO)
for optimizing CRC treatment.

The findings support wider adoption of minimal-
ly invasive procedures within CRC detection pro-
tocols and promote the development of improved
recommendations grounded in multidisciplinary
diagnostic strategies.
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Posib Ma/10iHBA3UBHHUX JIiaTHOCTUYHHUX METOJHUK B OIITHUMi3a1lii
JIIKYBQJIbHOI TAKTUKH Y XBOPUX HA KOJIOPEKTAJIBHUH PAK

0. A. Jlanunenko, O.0. Ilickopcbkuii

Hartionanpanii memranmii yaisepeuret imeni O. O. boromosnbirs, Kuis

Mera — MOiIBUINMTH TOYHICTb CTAJIIOBAHHA T4 ONTHUMIi3yBATH JIKYBAJIbHY TAKTHKY y ITAI[IEHTIB 3 KOJIOPEKTAJIb-
HUM PAKOM IIIAXOM 3aCTOCYBAHHA MAJOiHBA3UBHHUX JialrHOCTUYHUX BTPYy4YaHb — JiATHOCTHYHOI JIAIIAPOCKOITiT
3 IEPUTOHECAIBbHUM JIABKEM | IIMTOJIOTIYHUM JTOCT/DKEHHM, 4 TAKOXK MEIIACTUHOCKOIIII 3 IPUIUIBHOIO HGiOIICi€I0
JIIM(ATUYHUX BY3/1iB IIPU CYMHIBHHUX 200 HEMEPEKOHIMBUX PE3Y/IBIATaX BidyaslizaliiHuX MeToiB oocTexeHHs KT
(komrr'torepHa Tomorpadis), MPT (MarnitHO-pe3oHaHcHa Tomorpadis), ITET-KT (mo3uTpoHHO-eMicifiHa ToMOrpa-
ist, moeIHAHA 3 KOMITIOTEPHOIO TOMOIpadi€ro).

Marepianu Ta MeToaM. Lle peTpOCIEKTUBHO-TIPOCIIEKTUBHE AOCTpKEHHA 2023 —2025 POKiB, 3a/Iy4€HO 37 NMAlli€HTIiB
i3 KOJIOPEKTAIbHUM PAKOM, Y AKX CTAHJAPTHI METOIU Bi3yalizallil HE T 3MOI'U OJJHO3HAYHO BU3HAYNTU HASABHICTDb
BiJAJIEHUX METACTA3iB 460 NEPUTOHEAILHOIO KaHIIepoMaTOo3y. [TallieHTiB po3/iiyieHo Ha /1Bi IpyIu: 22 XBOPHX i3 MiZj03-
POIO Ha KAHLIEPOMATO3 OYEPEBUHH, AKAM BUKOHAHO JiarHOCTUYHY JIAITAPOCKOIIIO 3 JIABAKEM YEPEBHOI ITOPOKHHHH,
OioTICier0 OYepEBUHU T4 UTOJIOTTYHUM aHATI30M; 15 XBOPHX i3 IiIO3pOI0 HA YPAKEHHS MEiaCTUHAIBHUX JliM(a-
TUYHHUX BY3J1iB, AKMM IIPOBEIECHO LIEPBIKAIbHY MEIIACTUHOCKOIIIIO 3 IPULIUIBHOIO OioNCielo. OLiHIOBAIN AiaTrTHOCTUYHY
TOYHICTb, BIVIUB OTPUMAHUX PE3Y/BIATIB HA ITOAAIBIIY JIKYBAIbHY TAKTUKY Ta OE3IIEYHICTh BAKOHAHHX MPOLIEYD.
Pe3ynpraTH. [IepUTOHEATBHUI KAHIIEPOMATO3 MOPQOJIOT{YHO ITi/ITBEP/RKEHO y 19 i3 22 (86,4 %) mariieHTiB, MmeTa-
CTATUYHE YPAKEHHA MENIACTUHAIBHUX JIIM(PATUIHUX By3/1iB —y 1113 15 (73,3 %) mariienTis. 32 pe3yaBraTaMu BEpHU-
ixanii NaToJOri9HOro NPOLECY JiKYBAIbHA TAKTUKA Oysia 3MiHeHa y 29 (78,4 %) nauienTis: 27 (72,9 %) orpuManu
CUCTEMHY XiMioTepartito, 7 (18,9 %) — paJuKaabHi OrlepaTHUBHI BIPy4aHHd, y 2 (5,4 %) BUKOHAHO IAJiaTUBHY PE3CK-
1ito, 1 (2,7 %) BiIMOBHBCA BiJ] IOAAILIIOIO JiKyBaHHA. CEpUO3HMX iHTPAONEPALIHHUX YCKIAJHEHD HE 3a(DiKCOBAHO;
HE3HA4Hi Hicsonepauiiyi ssuma (6u1b y JUIHIL HPOKOITY, IigmKipHa eMdizeMa, KOPOTKOYACHA JIMXOMAHKA) CIIO-
crepiranucsy 8 (21,6 %) mariieHTiB i He TOTPEeOGYBAIH JIOAATKOBOI'O JIIKYBAHHSL

BHCHOBKH. BK/IIOUYEHHA [iarHOCTUYHOI JIATIAPOCKOIIi1 Ta MEAIACTUHOCKOIIII 10 AJITOPUTMY BUSHAYEHHS CTail KOJIO-
PEKTAILHOI'O PAKY 326€3I1€Uy€e BUCOKY JialrHOCTUYHY iH(POPMATHUBHICTS i CIIpUAE IEPCOHANI3ALLII JTiIKyBaHHs. 34CTO-
CYBAHHA MAJIOIHBA3UBHUX METO/IB JO3BOJIAE YHUKHYTH HEOOI'PDYHTOBAHUX XiPYPridHHUX BTPY4dHb, CKOPDOTHUTH 4aC
JIO TTOYATKY CUCTEMHO] TE€PAIIii Ta MOKPAIIMTH IIPOTHO3 Y MALIEHTIB i3 MOMHUPEHNMHU (POPMAMU XBOPOOH.
KiIr04oBi c10Ba: KOJIOPEKTAIBHUN PaK, iarHOCTUYHA JIAIIAPOCKOITisA, KAHIIEPOMATO3, MEJiaCTUHOCKOIIIs, CTa/lif,
meracrasysanssa, NCCN.
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