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Occlusion of the vein adjacent to colorectal cancer
liver metastasis as a way to increase the radicality
of percutaneous radiofrequency thermal ablation
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ABSTRACT

Objective. To evaluate the effectiveness of preoperative coagulation of the vein adjacent to a tumor nodule
in sonographically-guided percutaneous radiofrequency thermal ablation of perivascular liver metastases of
colorectal cancer.

Materials and methods. To address the issue, we compared the results of sonographically-guided
percutaneous radiofrequency thermal ablation of perivascular liver metastases of colorectal cancer
in 27 patients (aged 60.5 (58; 68) years) without prior coagulation of the adjacent vein (control group) and
26 patients (62.0 (60; 74)) with prior coagulation of the adjacent vein (experimental group).

Results. Lower incidence of residual tumor in the ablation area in the patients with prior coagulation of the
adjacent vein (14.3 % vs. 29 % of the patients in the control group) and a higher relapse-free survival of such
patients (65.2 % vs. 53.6 % and 55.6 % vs. 33.3 %) were reported as compared to the group without prior
coagulation of the adjacent vein (after 6 and 12 months, respectively).

Conclusion. Preoperative coagulation of the vein adjacent to colorectal cancer liver metastasis allows
reducing the effect of heat removal from the RFA zone, thereby contributing to higher radicality of the
treatment and resulting both in a lower incidence of residual tumor in the ablation zone and a higher
relapse-free survivalof patients, notably without significant concomitant changes in the affected part of the
liver (segment atrophy).

Keywords: radiofrequency thermoablation, liver metastases, coagulation, local thermal exposure, ultrasound,
computed tomography.
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OKKAIO3HUSA BEHBI, IPHAEXKAIIEH
K MeTacTa3y KOAOPEKTAABHOI'O paKa B II€Y€HH,
KaK CIIOCO0 IOBBIIIEHHS PAAHKAABHOCTH
YPECKOXKHOH PaaAHOYaCTOTHOH TepMoabAalluHu
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PE3IOME

ITens uccnedoeanust. OeHUTH 3PPEKTUBHOCTE MIPEABAPUTEALHON KOATYASIIIMH BEHBI, IIPUAEKAIIEHN K OITy-
XOAE€BOMY V3AY, IIPH COHOTrPaPUIeCKH KOHTPOAHUPYEMOH YPECKOKHOMN PaglodacTOTHON TepMoabAallly IIePH-
BaCKYyAIPHBIX METACTA30B KOAOPEKTAABHOTO PaKa B II€YEHH.

Mamepuanst u memoost. [Iasi pelleHus ITOCTABACHHOMN 3a1a4y IIPOBEIEHO COIIOCTABACHHE PE3YABTATOB
COHOrpaUYeCcKH KOHTPOANPYEMOH YPECKOKHOH paodacTOTHOH TepMoabaalliy IIepHUBaACKYAIPHBIX MEeTacC-
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Ta30B KOAOPEKTAABHOTI'O paka B IledeHHU 27 naireHToB (Bo3pact — 60,5 (58; 68) rona) 6e3 npeaBapUTeAbHOH
KOAaryASIUY IIPHAEKAaIlledl BeHb! (MpyMIla KOHTPoAs) U 26 mamueHToB (62,0 (60; 74])) ¢ npeaBapUTeAbHOMH
Koaryadlueit mpuaexalied BeHbl (OIbITHAA I'PyIIa).

Pesynomamet. BergaBaeHa MeHbIIAs MHIUAEHTHOCTE OCTATOYHOM OIyXOAHW B 30HE abAalluy y ITallUE€HTOB C
npeaBapUTEABHOMN Koaryaduuei npuaexaieit Bessl (14,3 % npotus 29,0 % y naueHToB IPyHIIbl KOHTPOAS)
u OoabItas 6e3peruauBHas BbIXKUBAEMOCTh ITAIlHEeHTOB (65,2 % mpotuB 53,6 % u 55,6 % nporus 33,3 %) B
CpaBHEHHH C IPYIIIOH 6e3 npeaBapHUTEeAbHON KOATyASIIUY IIpHUAesKallleil BeHbI (depe3 6 U 12 MecdIleB COOT-
BETCTBEHHO).

Barnrouenue. IlpegBapuresbHasd KoaryAdliys BEHBI, IPHUAeXKallel K MeTacTady KOAOPEKTAaABHOTO paka B
IIeYeHH, ITI03BOASIET YMEHBIIUTE 3(D(EKT TEIAOOTBEACHUS U3 30HBI PUYA, TeM caMbIM obecriednBas OOABIIIYIO
PaguKaAbHOCTE BO3AEUCTBHA U, COOTBETCTBEHHO, MEHBIIIYI0 MHIIMAEHTHOCTb OCTATOYHOM OIyXOAU B 30HE
abaanuu, a TakKe OOABIIYIO Oe3pelUANBHYIO BBIKHUBAEMOCTh ITAIIHEHTOB, IIpHYeM 0e3 CyIeCTBEHHBIX CO-
IIyTCTBYIOIIHUX U3MEHEHHUH ITe4YeHU (aTPOoUU cCerMeHTa) B 30He BO3AeUCTBHUA.

KaroueBBIe cAOBa: paduouaGCmMoOmMHAsl mepmoadaayuuUsl, Memacmassl neueHu, Koazyasyus, JoKalIbHoe me-
nnoeoe gosdelicmaue, Yyabmpa3eyKosoe UCCAe008aHUe, KOMNbIOMEPHASL MOMOZPADUSL.

Braaz aBTOpoB. Mypamiko K.A., FOpkoBckuit A.M.: KOHIIETIIUS U U3aiH UCCAEIOBAHUS, COOp MaTEPHUAAOB
U co3nmaHue 6a3pl 00pa3IloB, ITOAYYEHHE SKCIIEPUMEHTAABHBIX JaHHBIX, CTaTUCTHYeCKad 00paboTKa MaHHBIX,
pemaxkTupoBaHUe, OOCyKAEHUE MaHHBIX, 0030p IMyOAMKAIIMI 10 TeMe CTATbU, YTBEPIKICHUE PYKOIIHMCH AT
IyOAUKAITAH.

KoH(MAHKT HHTEpeCOB. ABTOPEI 3asBASIIOT 00 OTCYTCTBHUH KOH(MAUKTA HUHTEPECOB.

HcTouHHKkH hHHAHCHPOBaHHsA. llccaetoBaHNe BBIITOAHEHO 6€3 CIIOHCOPCKOM IIOANEPIKKH.

Haa nuTupoBaHua: Mypamko KA, IOpkosckuii AM. OKKAIO3US BEHBI, IIpHAeKalllell K MeTacTady KOAO-
PEKTaABHOTO paka B IIeYeHM, KaK CIIOCO0 ITOBBINIEHUS PAIUKAABHOCTH YPECKOKHON PaguodacTOTHOH Tep-
Moabaanuu IIpobnemul 300posbst u aronoceuu. 2021;18(3):57-63. DOI: https://doi.org/10.51523/2708-
6011.2021-18-3-7

Introduction the radicality of exposure during radiofrequen-
Primary tumor in the hepatic portal sys- ¢y ablation (RFA) [2-4]. Nevertheless, the use
tem is the most common cause of liver metas- ©of the given method turned out to cause cer-
tases [1]. Furthermore, those liver metastases tain problems in patients with heart failure (if
can either have pronounced vascularization the left ventricular ejection fraction is less than
(in 67 % of the cases) or, alternatively, they 90 %), with renal impairment (if creatinine lev-
can be adjacent to a large vessel [9, 10]. Ei- el exceeds 177 mmol/L), and in some other
ther case can result in reduced radicali- medical conditions [5-8]. Needless to say that
ty of the management of metastases during In such a situation there emerged a need to
radiofrequency ablation (RFA) due to the search for a different way to avoid the heat re-
heat removal effect [2-5].The latter general- moval effect.
ly manifests when the size of a vessel (vein)
is 3 mm or more [10].Moreover, such an ef- Objective
fect entails a high risk of residual tumor cell To evaluate the effectiveness of preoper-
persistence in the transition zone due to the ative coagulation of the vein adjacent to a tu-
heat removal from the RFA zone by the ves- mor nodule in sonographically-guided per-
sel adjacent to the tumor. This dictates the cutaneous radiofrequency thermal ablation
need for vein occlusion (if its diameter is of perivascular liver metastases of colorectal
3 mm or more) before performing RFA of the cancer.
metastatic lesion [14]. Especially considering
that neither segment atrophy, nor systemic Materials and methods

inflammatory responses, nor hepatic impair- We analyzed the results of sonographical-
ment is observed during occlusion of such ly-guided percutaneous radiofrequency ther-
veins [14]. malablation procedure in 53 patients with liver

In certain cases, malignant liver tumors metastases of colorectal cancer, who had been
can stimulate pronounced vascularization, or receiving radiofrequency ablation (RFA) ther-
they can be located in close proximity to large apy at “Gomel Regional Clinical Oncological
blood vessels. Either case necessitates prior Dispensary” from 2014 through 2020. The lo-
chemoembolization of tumor-supplying vessels coregional treatment was preceded by the im-
in order to minimize heat removal and increase age-guided radiotherapy including ultrasound
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examination of all the patients and CT angiog-
raphy (CTA). The diagnosis was morphological-
ly verified using a sonographically-guided tre-
panobiopsy.

A total of 53 patients underwent percuta-
neous radiofrequency thermalablation of liver
malignancies (25 male patients and 28 female
patients), the average age was 63.6 + 10.6 years.
The patients were divided into two groups: a
total of 27 patients (50.9 %) without prior coag-
ulation of the adjacent vein (the adjacent vein
diameter -3.0 = 1.7 mm) were included in the
control group, and 27 patients (49,1 %) with
prior coagulation of the adjacent vein (the adja-
cent vein diameter —-3.0 + 1.9 mm) were includ-
ed in the experimental group.

Both the control and experimental groups
were comparable in terms of the age of the pa-
tients (60.5 (58.0; 68.0) years/62.0 (60.1; 74.0)
years (p = 0.4)) and clinical particulars.

The main characteristics of metastatic
lesions were evaluated in both the groups
along with the length of inpatient stay, types
of complications, biochemical blood test results
(liver enzymes), the extent of fibrosis, depth
of necrosis, median relapse-free periods, and
survival rates.

Liver metastases were visualized using the
mid-range ultrasound scanner AlokaProsound
Alpha 6 with a convex electronic sensoroperating
in the frequency range from 3.5 to 5 MHz. The
evaluation of the blood vessels was carried out
by Colour Doppler Imaging (CDI).

A disposable pickup electrode of the Cool-
tip™ system (length — 15-25 cm, applied part —
2.0-3.0 cm) and a generator were used for
the radiofrequency ablation procedure. The
disposable pickup electrode was directed
to the target area with a direct puncture of
the adjacent blood vessel under ultrasound
guidance. Further, the vessel was “sealed” in
the “coagulation” mode until the blood flow was
no longer visualized (in the CDI mode). Then
the electrode was placed in the center of the
metastasis to perform tumor ablation (the time
of exposure of each lesion — 14.0 + 2.2 min)
with further extraction of the electrode in the
“coagulation” mode. In the event when the area
of necrosis did not cover the tumor together
with a 10-mm zone of the adjacent tissue
after single exposure, another application was
performed. Postoperative complications were
assessed using the five-grade modified Clavien-
Dindo classification system [15-20].

The statistical analysis of the obtained
results was carried out using the software
environment R version 3.2 (R Foundation for

Statistical Computing, Vienna, Austria) and
MedCalc 15.6.1 (trial version).

The Shapiro-Wilk test was used to verify
that the variables were normally distributed.
If the distribution of quantitative values
was different from normal, then the results
were grouped into 25™ percentile and 75"
percentile, while in the event of normal
distribution, the results were given as the
mean and standard deviation of the mean
(M+SD). The Mann-Whitney U-test and
two-tailed Fisher’s exact test were used
to compare two independent samples.
The results were regarded statistically
significant if the p-value was below 0.05.
The Spearman’s rank correlation coefficient
(r) was used to evaluate the strength of a
monotonic relationship between connected
variables. A relapse-free survival rate was
estimated using the Kaplan-Meier survival
analysis.

Results and discussion

Solitary metastases were reported in
42 (79.2 %) patients, 2 lesions were observed in
8 (15.1 %) patients, and 3 lesions—in 3 (5.7 %)
patients (characteristics of the metastases
in the control and experimental groups are
presented in detail in Table 1).

As it can be seen from Table 1, no
statistically significant differences were found
between the groups.

As it can be seen from Table 2, no
statistically = significant differences were
reported between the control and experimental
groups in terms of the biochemical test results.
Meanwhile, hyperenzymemia in both the
groups was transient (a gradual decrease in the
concentration of enzymes was observed after
day 3). As for bilirubin, its concentration was
found to be within the normal range in all the
patients. Figure 1 visually features the changes
in the specified biochemical parameters.

According to the early postoperative
follow-up results, mild complications were
reported both in the control and experimental
groups, and they were generally complex (the
complications included mostly vagal reactions
combined with a pain syndrome lasting up to
6 hours). Moreover, one case of liver abscess
(grade IIIA according to the Clavien-Dindo
classification) was reported in each group in
the early postoperative period. The above-
mentioned information is presented in detail in
Table 3.
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Table 1. Comparative characteristics of the metastases in the control and experimental groups

Comparative characteristics Control group (n = 27) | Experimental group (n = 26) P
f 14 (52 %) 14 (54 %) 0.8
m 13 (48 %) 12 (46 %) )
TNM (T) stage
2 5 (18 %) 2 (8 %)
3 8 (30 %) 4 (15 %) 0.1
4 14 (52 %) 20 (77 %)
Number of liver metastases
1 20 (74 %) 22 (85 %)
6 (22 %) 3 (12 %) 0.1
3 1 (4 %) 1 (3 %)
Synchronous metastases
f 22 (81 %) 20 (77 %) 0.7
m 5 (19 %) 6 (23 %) )
Metachronous metastases
f 5 (19 %) 6 (23 %) 0.7
m 22 (81 %) 20 (77 %) )
Size of metastases 23.5 mm (20.5; 30.0) 29.0 mm (25; 36) 0.3
Localization of metastases (liver segment) 6 (4; 7) 6 (5; 7) 0.4
Diameter of the adjacent vein < 3.0 mm 3.5mm(3,2; 3,8)
Histology, differentiation grade (G)
G 2 19 (70 %) 18 (69 %) 10
G 3 8 (30 %) 8 (31 %)

Table 2. Comparative characteristics of the biochemical blood test results in the control and
experimental groups

Biochemical parameters Control group Experimental group P
Albumin g/L before RFA 42.0 (39.9; 44.2) 41 (38.9; 43.0) 0.3
Albumin g/L, 1 day after RFA 40.5 (36.8; 44.0) 38.6 (35.0; 43.0) 0.3
Albumin g/L, 3 days after RFA 41.1 (36.0; 43.9) 40.0(34.4; 42.3) 0.2
AST U/L before RFA 25.4 (20.9; 32.6) 22.6 (20.1; 29.1) 0.3
AST, 1 day after RFA 198.0 (162.0; 291.0) 214.0 (171.0; 250.0) 0.9
AST, 3 days after RFA 120.0 (95.0; 180.0) 150.0 (116.0; 186.0) 0.3
AST U/L, 3 months after RFA 27.3 (22.5; 35.3) 25.2 (20.3; 35.6) 0.4
ALT U/L before RFA 23.6 (16.4; 31.0) 21.0 (13.5; 23.7) 0.4
ALT, 1 day after RFA 142.0 (108.0; 212.0) 205.0 (132.0; 227.0) 0.2
ALT, 3 days after RFA 92.0 (66.0; 143.0) 122.0 (99.0; 162.0) 0.2
ALT, 3 months after RFA 23.5 (19.0; 29.4) 23.5(17.7; 35.1) 0.9
Total bilirubin umol/L before RFA 14.1 (10.0; 16.0) 11.8 (8.7; 15.1) 0.2
Bilirubin, 3 days after RFA 13.5(10.1; 17.5) 11.9 (8.9; 16.3) 0.3

250
200
150
100

50

- = B

Before RFA 1 Day after RFA 3 day after RFA 3 months after Rfa

B Albumin Bilirubin

EAST ©ALT

Figure 1. Changes in the concentrations of albumin, ALT, AST and bilirubin in the postoperative period in the control group
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Table 3. Incidence of complications and length of in-patient stay after RFA in the control and

experimental groups

Comparative characteristics Control group (n = 27) Experimental group (n = 26) P

No complications 18 (67 %) 14 (54 %)
Grade I-II complications according to the Cla- 0.4

. . . . 8 (29 %) 11 (42 %)
vien-Dindo classification
Grade III (A, B)complications according to the

. . . . 1(4 %) 1 (4 %) 1.0

Clavien-Dindo classification
Number of inpatient days 4 (3; 5) 4 (4; 5) 0.9

Asitcanbeseen from Table 3, no statistically
significant differences were reported between
the control and experimental groups in terms
of the incidence of complications and length of
in-patient stay.

Considering that no statistically significant
differences were reported for most of the above
specified evaluation criteria, except, perhaps, for

the diameters of perivascular and nonvascular
neoplasms, which were about 29mm (16; 17)
and 23.5 mm (18;19) respectively, t he X-ray
catamnesis of the patients in the control and
experimental groups over a 12-month period
(CTA follow-up was carried out 1, 3, 6 and
12 months after ablation) is of particular
interest (the results are presented in Table 4).

Table 4. Characteristics of post-ablation changes in the liver parenchyma

Post-ablation changes

Control group (n = 27)

Experimental group (n = 26) P

Extent of fibrosis in the ablation zone (cm?) after

6 months

34.4 (24.5; 70.80) 33.5 (20.6; 82.4) 0.6

1 day

Extent of fibrosis in the ablation zone (cm?) after
24.4 (17.2; 53.1) 24.4 (17.1; 65.5) 0.9

3 months

Extent of fibrosis in the ablation zone (cm?) after
20.6 (17.1; 48.0) 20.6 (14.1; 57.9) 0.8

As it can be seen from Table 4, no statis-
tically significant differences were reported
between the groups in terms of the extent
of post-ablation fibrosis in the postopera-
tive period. This means that preoperative
coagulation of the vein adjacent to the me-
tastasis does not result in a decrease (“con-
traction”) of the liver segment in the affected
area even though it enhances the treatment
radicality. The latter can account both for

the reduced incidence of the residual tu-
mor cells in the ablation zone in the pa-
tients of the experimental group (14.3 % vs.
29.0 % in the patients of the control group,
p =0.043, x?), and a greater relapse-free sur-
vivalrateofthe patients after6and 12 months
(65.2 % vs. 53.6 % (p = 0.4, x?) and 55.6 %
vs. 33.3 % (p = 0.042, x?)) as compared to
the control group (Figure 2).
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Figure 2. Cumulative relapse-free survival of the patients
of the control and experimental groups
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Conclusion

Preoperative coagulation of the vein
adjacent to colorectal cancer liver metastasis
allows to reduce the effect of heat removal from
the RFA zone, thus, contributing to higher
radicality of the treatment and resulting both
in a decreased incidence of residual disease in
the ablation zone and an increased relapse-free

survival of patients, importantly without major
associated changes in the affected part of the
liver (segment atrophy).

The suggested method does not require
any additional financial or technical
investments and does not result in prolonged
hospitalization.
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