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Surgical resection is a standard treatment strategy for both primary and secondary malignant liver neoplasms.
Liver transplantation is considered the most effective treatment method for colorectal cancer liver metastasis.
Palliative debulking liver resection is one of the optimal alternative procedures for patients ineligible for a liver
transplant, as it improves overall survival. Resectability rates depend on the functional efficiency of the remaining
portion of the liver, which can be improved by increasing the future liver remnant. The application of cryogenic
technologies for the ablation of a residual tumour invading the intraparenchymal segments of the major hepatic
vessel may have advantages in cases where it is impossible to expand the scope of the surgical intervention due
to the insufficiency of the future liver remnant and/or the presence of severe concomitant pathology.

OBJECTIVE — to present a case report of cryogenic technology application in complicated cases of surgical treat-
ment of patients with colorectal cancer liver metastases.

CASE REPORT. The case report presents an experience of cryoablation of the metastasis tissue with invasion into
the intraparenchymal portal branch of Sg III, which was revealed during the I stage of the split in situ/ligation
of the portal vein (ALPPS) liver resection. Cryoablation was performed by the application method with a single
cryocycle and spontaneous thawing. Device — Cryo-Pulse (Ukraine). Cryoagent — liquid nitrogen (T -180..-196
°C). Exposure time was 3 min. The specific complications associated with cryoablation were not observed.

Concrusions. The application of cryogenic technologies for combined debulking surgical treatment of malig-
nant focal liver lesions may be a safe treatment option in cases of residual tumour invasion into portal vein
branches. The study is still ongoing,
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Surgical resection is a standard treatment strategy
for both primary and secondary malignant liver
neoplasms, which ensures a 5-year survival rate of
about 70 % for patients with hepatocellular carcino-
ma (HCC) and up to 60 % for those with colorectal
liver metastasis (m-CRC). Unfortunately, recur-
rence after liver resection in m-CRC, HCC, or chol-
angiocarcinoma is common and is diagnosed in al-
most 75 % of cases [1, 3]. Moreover, almost 80 % of
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such patients are ineligible for surgery due to severe
comorbidity status or liver function insufficiency
caused by local tumour spreading and/or the ac-
companying liver pathology (for example, cirrhosis,
hepatitis, toxic damage after chemotherapy) [1, 3].

Liver transplantation is considered the most ef-
fective treatment method for multiple liver m-CRC.
However, strict patient-selection criteria, difficul-
ties associated with donor material collection, and
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prolonged waiting list times limit its availability. Pal-
liative debulking liver resection is an optimal alterna-
tive procedure for patients ineligible for a liver trans-
plant, as it may enhance long-term outcomes [1, 2].

Recently, the indications and patient selection
criteria for liver resection in multiple liver m-CRC
have expanded significantly, especially the criteria
related to the number of foci and resection margin
status — the removal of all malignant foci with ade-
quate future liver remnant (FLR) preservation and
achieving the tumour-free resection margin. Thus,
RO resection gradually evolved to R1 resection,
if necessary, then R1 resection for patients who
responded well to chemotherapy, and finally R1
with vascular resection. In addition, according to
the LiverMetSurvey Registry, the 5-year survival
of such patients, even with R2 resection, can reach
22% [1,3,7].

Improving the volume of FLR is crucial for en-
hancing resectability. Advances in interventional
therapy and surgical techniques have made it pos-
sible to increase the future remnant of the liver
through multimodal tactics. These new methods
include portal vein embolization, two-stage hepa-
tectomy with or without transection of the he-
patic parenchyma, and ligation of the portal vein
(ALPPS) [1,5,7].

In complicated liver resection cases, surgeons
face a dilemma: what should be done when a tumour
invades intraparenchymal vascular structures and
it is impossible to expand the scope of the surgical
intervention due to the insufficiency of the future
liver remnant and/or the presence of severe con-
comitant pathology?

We suggest that the application of cryogenic
technologies for the ablation of a residual tumour
invading the intraparenchymal segments may re-
solve this issue.

The cryosurgical method has long been success-
fully implemented in the complex treatment of ma-
lignant hepatopancreatobiliary neoplasms. One of
the benefits of cryosurgery is the possibility of its
application in close proximity to the major blood
vessels [18]. The problem of cryogenic technology
application in the ablation of tumours invading in-
traparenchymal vascular structures is rarely high-
lighted in the literature since such clinical cases are
usually considered unresectable. Thus, there is an
ongoing debate regarding the effectiveness of cryo-
ablation for tumours with vascular invasion, includ-
ing residual ones.

OBJECTIVE — to present a case report of cryogenic
technology application in complicated cases of sur-
gical treatment of patients with colorectal cancer
liver metastases.
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Case presentation

The patient M., aged 70 years, was admitted to the
Surgical Division of Kyiv Municipal Clinical Hos-
pital, which is the clinical base of the Department
of General Surgery No. 1 of Bogomolets National
Medical University, in December 2022.

Diagnosis at admission: recto-sigmoid colon can-
cer, stage IVa, pT3pN2pM1a (hepar), state after com-
bined treatment in May 2022 (Hartmann’s operation
+adjuvant PCT + Bevacizumab), clinical group 2.

Hospitalization was aimed at performing debulk-
ing surgery for liver m-CRC, due to the stabiliza-
tion of the oncoprocess after specific chemotherapy.

The ECOG (Eastern Cooperative Oncology
Group) Performance Status of the patient was
Grade 2. The ASA (American Society of Anesthesi-
ologists) Physical Status was ASA TV.

Multislice computed tomography (MSCT)
liver volumetry with 3D modeling was performed
for evaluation of the future liver remnant volume
(FLRV) and to obtain precise information on the
anatomical location of vessels and tumour foci with-
in the liver parenchyma.

The treatment strategy was determined by
a multidisciplinary council based on the patient’s
preoperative examination results and following the
standard protocols for the management of cancer
patients at the time of the study.

The future liver remnant volume was 32.2%
(517.5 cm?). Thus, the decision was made to per-
form a split in situ/ALPPS resection (Fig. 1).

Split in situ/ALPPS liver resection was per-
formed in 2 stages:

I stage: ligation of the branch of the portal vein
with complete transection of the hepatic parenchyma;

IT stage: removal of the affected part of the liver
(final resection).

At the end of December 2022, the I stage of liver
resection with metastasectomy of II, 111, and IVa,
b segments was performed (Fig. 2).

During the I stage of the split in situ/ALPPS, a met-
astatic tumour with an invasion of the intraparenchy-
mal portal branch of Sg III was revealed (Fig. 3).

During the surgery, it was decided to perform meta-
static lesion resection (R2) with cryoablation of meta-
static tissue on the portal branch of Sg I1I (Fig. 4).

Informed permission for cryoablation was ob-
tained from the patient’s relatives.

Cryoablation was performed by the application
method (equipment: Cryo-Pulse (Ukraine) appara-
tus, cryoagent: liquid nitrogen, t=—180... — 196 °C,
exposure: 3 min). A single cryocycle with spontane-
ous thawing was used.

The I stage of the split in situ/ALPPS duration
was 220 min, and blood loss was 480 ml.
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In the postoperative period, complications relat-
ed to cryoablation and the I stage of liver surgery
were not observed.

Since the patient was under occupation by the
russian troops as a result of russian aggression
against Ukraine, a control MSCT volumetry of the
liver was performed after de-occupation, 35 days
after the I stage.

According to the control imaging, the FLRV in-
creased to 45.9 % and was 730.3 ¢cm® compared to
the initial 517.3 cm?® (Fig. 5).

Consequently, FLRV increased by 42.1 %, and the
growth per day was 6.08 cm? and 0.39 %, respectively.

Considering the positive effect of the I stage, the
IT stage of split in situ/ALPPS resection — right
hemihepatectomy — was completed (Fig. 6).

The 1T stage of the split in situ/ALPPS lasted for
170 min., and blood loss amounted to 350 ml.

In the 30-day postoperative period, no specific
complications occurred. The postoperative wound
healed with primary tension. Currently, the patient
is receiving specific adjuvant cytostatic therapy.

Discussion

Associating liver partition and portal vein liga-
tion for staged hepatectomy (ALPPS) is a two-
stage surgical procedure that aims to induce rapid
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hypertrophy of the future liver remnant. In 2012,
the ALPPS International Registry (Web Data En-
try System) was established to share knowledge,
conduct audits, facilitate research, and identify ap-
plications of ALPPS through a collaborative effort.
As of September 2019, a total of 1219 ALPPS were
performed in 156 centres in 44 countries, with the
majority of cases (65.4 %) in Europe [4]. The team
of the Department of General Surgery No. 1 of Bo-
gomolets National Medical University was one of
the first to gain access to this registry and supple-
mented the global database with the results of its
own experience in implementing ALPPS.

Despite many years of studying ALPPS safety by
the global community of hepatobiliary surgeons, the
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Figure 2. The I stage of split in situ liver resection.
State after metastasectomy: Sg I1, Sg III, Sg IVa,b

Figure 1. MSCT volumetry (A) and 3D modelling of
the liver (B) in a patient
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Figure 3. Metastatic colorectal cancer that has
spread to the intraparenchymal portal branch
of Sg III (indicated by the arrow)
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Figure 5. Liver MSCT volumetry data 35 days
after the I stage split in situ/ALPPS

B

Figure 4. Cryoablation of residual metastatic tissue Figure 6. The II stage split in situ liver resection:

that has spread to the intraparenchymal portal A — liver transection line, hypertrophied left lobe
branch of Sg I1I: A — freezing process; exposure — of the liver; B — the right lobe of the liver with
3 min; B — the «ce-ball» zone — the process of multiple metastases of colorectal cancer

spontaneous thawing (indicated by the arrow)
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short-term results are controversial, as the morbid-
ity and mortality rates are extremely variable [10].

K.N. Wanis et al. (2021) analysed the results
of the ALPPS performance in specialized centres
worldwide. The authors revealed that the mortality
rate at 90 days postoperatively ranged from 4.2 %
(95% CI: 0.8, 9.9) to 29.1 % (95% CI: 13.9, 50.9),
and the rate of intervention-related complica-
tions — from 17.0 (95 % CI: 7.5, 26.5) to 49.8 (95 %
CI:38.1,61.8) and depended on the medical institu-
tion. Also, it was noted that the level of mortality
and complication index decreased with time and the
acquisition of experience by the medical staff [10].

E. Schade et al. (2015) reviewed the treatment
outcomes of 320 patients from 55 centres who were
included in the international ALPPS registry and
found that the overall mortality within 90 days after
surgery was 8.8 %. The main cause of patients’ deaths
was acute post-resection liver failure (75 % of cases).
Moreover, in 14 % of patients, this complication was
observed after the first stage of the intervention.
Also, these patients and patients with more than
10 MELD scores before stage II had a significantly
higher risk of mortality at the specified time: OR 3.9
(CI1.4—10.9,p =0.01) and OR 4.9 (CI 1.9—12.7,
p =0.006), respectively. Other factors, such as the
volume of FLR after the first stage and the duration
of the period between the stages, did not have a sta-
tistically significant prognostic value [8].

P. Sandstrom et al. (2018) presented the Scandi-
navian randomized multicenter LIGRO clinical trial
(n=100) that included the results of ALPPS (n=>50)
and standard two-stage liver resection (TSH) (n=>50)
and showed that the groups did not differ statistically
significantly in the frequency of postoperative com-
plications (Clavien—Dindo i 3a) [43% (19/44) vs.
43% (12/28)] [1.01 (95% CI 0.4—2.6); p =0.99]
and 90-day mortality [8.3% (4/48) vs. 6.1 % (3/49)]
[1.39 [95% C10.3—6.6]; p =0.68].

However, after the first stage of ALPPS, the
average growth in the volume of the future liver
remnant was statistically significantly higher com-
pared to TSH. In particular, on the 7th day, FLRV
after ALPPS was 605 = 140 ml vs. TSH 450 + 140
ml (p<0.0001); growth in FLRV (ml/day) —
35.4 £17.9vs. 12.3 +8.6, respectively (p<0.0001);
volume growth (ml) — 237 +108 vs. 93 *£67
(p<0.0001); volume growth (%) — 68 =38 vs.
36 + 18 (p<0.0001) [9].

Presented by Y. Liu et al. (2019), a meta-analysis
revealed that the ALPPS is accompanied by higher
morbidity (from 13 to 71.4 %) and mortality (from
0 to 15.0 %) rates compared to the technique of por-
tal vein embolization (9.0—60.0 % and 0.0—6.0 %,
respectively) or standard two-stage liver resection

General Surgery 3azansuaxipypein * 2023 ¢ Ne2 (5)

O.1I. Dronov et al.

(17.6—67.9% and 2.1—6.1%, respectively). The
risk of complications in ALPPS — RR: 1.19; 95 %
CI, 0.96—1.47, and mortality — RR: 2.11; 95 % CI,
1.02—4.33 after performing the IT stage. The main
types of postoperative complications in ALPPS
were: acute intestinal obstruction, thromboem-
bolism of the pulmonary arteries after the first
stage, liver failure, bile leakage, strictures of the
biliary tract, and septic complications. However,
ALPPS was accompanied by an average more effec-
tive growth in FLR per day (from 2.0 £0.75% to
21.0 £10.0 %) than portal vein embolization (from
0.42 £0.15% to 1.37 =£1.23 %) and two-stage liver
resection (from 0.32 £0.15% to 1.89 +1.12%);
RR: 4.87; 95 % CI, 3.41—6.33 [6].

Thus, comparing our and recent studies’ results,
it should be noted that the frequency of postopera-
tive complications and mortality in our centre does
not differ from the data in the world literature. The
effectiveness of split in situ/ALPPS two-stage liver
resections for colorectal cancer metastases at our
institution corresponds to international experience.

One of the significant advantages of the cryo-
surgical method is the possibility of its application
in close proximity to blood vessels. The problem of
cryogenic technology application in the ablation of
tumours invading intraparenchymal vascular struc-
tures is rarely highlighted in the literature since
such clinical cases are usually considered unresect-
able. Thus, the issue of the effectiveness of cryoabla-
tion for tumours with vascular invasion, including
residual ones, still remains controversial.

It has been confirmed that vessel walls have the
ability to regenerate after cryoinfluence, with com-
plete restoration of their structure after about 1
month [13]. However, there is an opinion that the
effectiveness of the ultra-low temperature local ap-
plication may decrease in cases of cryodestruction of
foci directly adjacent to large blood vessels due to
the inhomogeneity of the cold front spreading from
the cryoapplicator deep into the tumour foci. The
peculiarities of liver blood perfusion at physiological
temperatures counteract the cooling effect by local
heating of tissue and the removal of cooled blood.
This process was called the «thermal sink» effect
[14, 15]. Also, there is a risk of clinically significant
thrombosis of vessels in the area of local cryoimpact.
However, Sainani N.I. et al. (2016), in their study,
showed that thrombosis of portal and hepatic vein
small branches is a common phenomenon after cryo-
ablation of liver tumours, and, in most cases, sponta-
neously resolves without consequences [12].

Over the past 20 years, we have successfully ap-
plied the method of local cryoablation for locally
advanced pancreatic cancer with invasion of major
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vessels. Our experience allowed us to determine the
main indications for the cryogenic technology ap-
plication in the combined surgical treatment of tu-
mours with vascular invasion. Analysing the short-
term results, we found that the frequency of postop-
erative complications, relaparotomy, and mortality
after cryogenic vessel ablation did not differ from
the usual resection of vessels affected by the tumour
process [16]. The obtained data prompted us to fur-
ther study the role of cryosurgical approaches in the
treatment of other malignant hepatobiliary tumours
with invasion of major vessels, which is reflected in
the presented case report.

Conclusions

The application of cryogenic technologies for com-
bined debulking surgical treatment of malignant fo-
cal liver lesions may be a safe treatment option in
cases of residual tumour invasion into portal vein
branches. The study is still ongoing.
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3aCTOCYBAHHA KPIOTEXHOJIOIN Y CKIATHHUX BUITA/IKAX
XipyprivHOro JiKyBaHHA METACTA3iB KOJIOPEKTAJIBHOI'O PAKY
B I1e4iHKYy. KiliHiYHU I BUITaJOK

O.1. IpoHos, €. C. Kosauyk, 10.II. Bakyueip, II. II. Bakynens, @. O. [Iputkos, /1. €. IOpkin

Hamionanpuuit mepuunmii ynisepcureT imeri O. O. Boromoubirs, Kuis

Xipypriuyna pes3exiiii — OAMH 3 OCHOBHUX METO/IB JIIKYBAHHA IEPBUHHUX i BTOPUHHUX 3JI0AKICHUX HOBO-
YIBOPEHD IeYiHKU. HAaMONITUMAaIbHIIIMM METOAOM JIKYBAHHA METACTATUYHOI'O YPAXKEHHS IIEYiHKU IIPU KOJIO-
PEKTUIBHOMY PAKY € TPAHCIVIAHTALLiA NediHKW. OJHA i3 MOMJIMBUX OILIM I XBOPUX, SIKUM HE MOKHA BHUKO-
HATH TPAHCIUVIAHTAL{IO ITEYiHKY, — NMAJIATUBHA U TOPEAYKTUBHA PE3EKLIiA ITEYiHKH, 10 MOKE ITOJIIIIINTH IXHIO
34raJIbHy BIDKUBAHICTD. [IJIs1 DiIBUIIIEHHS PE3EKTA0CIBbHOCTI HEOOXITHO BUPIINUTH ITPOOIEMY (PYHKIIIOHAIBHOL
HEJOCTATHOCT] 3IMIIKOBOI YACTHHHU NIEYiHKH, 30UIbIIMBIIN MANOYTHIlN 3AIMIIOK ITEYiHKN. 3aCTOCYBAHHS Kpi-
OI'€HHMX TEXHOJIOIIH I ab/ALil pe3nuyaabHOl IYXJIMHY, 1O iHBA3ye iHTPANIapeHXiMaTO3HI CETMEHTU Mari-
CTPAIBHOI CYIUHU, MOKE MATH IIEPEBATU 34 HEMOMJIMBOCTI PO3HIMPUTH O6’€M ONEPATHBHOI'O BTPYYAHHS YE€PE3
HEJOCTATHICTb Ma¥OYTHBOI'O 3AIHILKY IIEYiHKN T4,/460 HASIBHICTb TSDKKOI CyIIyTHBOI IIATOJIOT .

Mera — NpOJAEMOHCTPYBATH KIiHIYHUI BUIIA/I0K 3ACTOCYBAHHS KPIOT€HHUX TEXHOJIOIH Y CKIaHUX BUITAIKAX
XipypriyHoro JIiKyBaHHs HALIEHTIB 3 METACTATHUYHUM YPAKEHHAM IIE€YiHKH IIPU KOJIOPEKTAIbHOMY PAKY.

KiriHidHHUI BHIIAJOK OIUCYE JOCBi KPIiOaOIAIIil METACTA3y KOJIOPEKTATBHOIO PAKy 3 iHBa3i€lo B iHTpana-
PEHXIMATO3HY NOPTAAbHY I'UIKy Sg III, BUuaABIECHOIO Ha erari I split in situ/niryBanHs nNopraabHOi BeHU (ALPPS)
pesexii neginku. Kpioabsasaililio BUKOHYBAIM ATUTKAIIHHUM METOJJOM, TTOABIFTHUM KPIiOITUKJIOM 3i CIOHTAHHUM
TaneHHsM. Kpioamapar — «Kpio-ITynbc» (Vkpaina). Kpioarent — piakuit a30t (t =—180... —196 °C). Yac ekcro-
3UILil — 3 XB. VCKJIaJJHEHB, IOBSI3aHUX 3 KPiOaOJIAIIE€IO, HE CIIOCTEPIranu.

BHCHOBKH. 31CTOCYBaHHA KPIOT€HHUX TEXHOJIOTIH Y HUTOPEAYKTUBHOMY KOMOIHOBAHOMY XipyPIidHOMY JIiKy-
BAHHI 3JIOKICHOT'O BOTHUIIEBOI'O YPAKEHH IIEUiHKH MOKE OyTH O6€3IIEYHOIO JIiKyBAIbHOIO OILIEIO TP iHBa3il
3JIOSIKICHUX ITyXJIMH B iHTPAIIaPEHXiMaTO3Hi I'VIKM BOPITHOL BEHU. JJOC/Ii/IPKEHHA TPUBAE.

KIro49oBi cJI0Ba: KOJIOPEKTAIBHUI PAK, METACTA3H B IIEUiHKY, Split in situ, pe3ekuia nedinku, ALPPS, kpioabsttis,
iHBAa3id B CyIMHL
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