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Introduction. Autosomal dominant polycystic kidney disease (PKD) is one of the most common hereditary
diseases leading to the development of end-stage renal failure. According to modern concepts, nephrectomy
of polycystic-altered kidneys in such patients is performed in the event of complications, as well as in order
to prepare for kidney transplantation. The creation of intense carboxyperitoneum leads to carbon dioxide re-
sorption and the development of hypercapnia and respiratory acidosis in the patient. Taking into account the
age of patients and the high incidence of cardiovascular and valvular pathology in patients with PKD, this fact
becomes significant and can lead to the development of severe complications. The solution to this problem,
in our opinion, is to perform laparoscopic nephrectomy under low-pressure carboxyperitoneum (LPC).
Materials and methods. In the period from 2013 to 2018, 55 monolateral laparoscopic nephrectomies were per-
formed in 36 patients with PKD. The study identified 2 groups of patients. The study group included 8 patients
who were diagnosed at the preoperative stage with cardiovascular disease performed LPC (12 operations). The
second group was represented by 28 patients who were operated laparoscopically with the creation of intense car-
boxyperitoneum (41 operations). Workspace when LPC was created with the help of laparolift - mechanical de-
vice for lifting the abdominal wall on the abdominal cavity. Results. The mean duration of surgery in the groups
was 126 + 18 and 114 + 11 minutes, respectively (p < 0.05). Intraoperative blood loss was significantly different:
in the comparison group — 225 + 45 ml, in the study group - 440 = 76 ml (p < 0.05). Mean blood pCO, and pH
levels in the study group were 38.2 + 2.7 mm Hg and 7.371 £ 0.021, the comparison group - 44.4 + 3.8 mm Hg
and 7.231 + 0.035 (p < 0,05). Among the patients who underwent LPC, there was one fatal outcome. The fre-
quency of postoperative complications was 16.6% (2) in the study group and 12.2% (5) in the comparison group.
Summary. Laparoscopic nephrectomy in conditions of low pressure carboxyperitoneum allows to completely
avoid the development of hypercapnia and respiratory acidosis in the patient, to prevent severe cardiovascular

complications despite the high risk of their development among patients with PKD.

@ Keywords: laparoscopic nephrectomy; polycystic kidney disease.
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& BBepenne. AyTocOMHO-JOMVMHAHTHBII OMMKUCTO3 moveK (ATIIT) — omHO U3 caMbIX pacpOCTpaHEHHbIX Hac/Ies -
CTBEHHBIX 3a00/IeBaHNUIl, BeAYIVX K Pa3BUTHIO TePMMHA/IBHOI TOYEYHOI HEOCTATOYHOCTH. I10 cOBpeMeHHBIM Ipef-
CTaBJIEHMAM, He(PIKTOMMIO IOIVKIICTO3HO M3MEHEHHBIX [IOYeK TaKJMM HalMieHTaM BBIIIOTHAIOT IIPY BO3HIKHOBEHUN
OCJIO>KHEHMIA, @ TAK)Ke C IIe/bI0 OATOTOBKM K TpaHCIUTaHTayy modky. CosfjaHue Halps>KeHHOTO KapOOKCUIIepUTOHe-
yMa IIPUBOAUT K Pe30pOIMM YIIEKUCIOTO0 Ta3a M PasBUTHIO Y TAIMeHTa TUIIePKAITHUY ¥ PeCIMPATOPHOTO allufi03a, YTO
C y4eToM Bo3pacTa OO/IbHBIX, 8 TAK)Ke BBICOKOI YaCTOTHI BCTPEUaeMOCTU CepAeIHO-COCYANCTON 1 K/IATaHHOI MaToJIO-
run y nanueHTos ¢ AJITIIT Mo)keT MPUBOAUTD K PasBUTHIO TSDKETIBIX OCIOKHEHUIT. PelleHneM 9101t mpo6ieMbl sIBILA-
eTCsI BBIITOTHEHe JIATaPOCKOIINYeCKOll HehPIKTOMNUM B YCIOBIUAX KapOOKCuUIepuToHeyma HusKoro gasiaenns (JIHI).
Marepuansl 1 MmeToabl. B iepmop ¢ 2013 o 2018 r. B K/IMHMKE BBIIIOJIHEHO 55 MOHO/IATEPAJIbHBIX JIAIIAPOCKOINYECKIX
HedpakToMuii 36 manyentam ¢ AJIIIII. B xome vccmenoBaHysA BbIfielleHO ABe IPYIIIbL OONBHBIX. B Mccnenyemyto rpym-
Iy BOLIM 8 MalMeHTOB, KOTOPBIM B CBA3Y C IMArHOCTMPOBAHHOI Ha JOONEPALIIOHHOM 3Talle CEPAEeIHO-COCYMUCTON
narosnorveit Boionasiiu JIH] (12 onepaunii). Bropast rpymmma 6buta npefcrasiesa 28 60/1bHbIMY, KOTOPbIe ObIIN IPO-
OIlepPOBAHBI JIAIIAPOCKOIIMYECKI C CO3[aHUEeM HAIIPXKEeHHOro kapbokcuneputoneyMa (41 onepanus). Pabogee mpo-
crpanctBo npu JIH]I cospaBany ¢ moMolnbio nanaponudTa — MEXaHNYECKOro yCTPOVICTBA LA IOfbeMa OpIOLIHOI
CTEHKY HaJ, opraHaMim OpromHoit monocty. Pesynprarsl. CpeqHss JJIMTEIbHOCTD OIEepaliuyl B IPYIIAX COCTABUINA CO-
OTBETCTBEHHO 126 + 18 u 114 + 11 mMuHyT (p < 0,05). 3HaUMMO OTNIMYANICA 06bEM UHTPAOIEPALVIOHHOI KPOBOIIOTEPH:
B Ipymile cpaBHeHMss — 225 + 45 w1, B uccnenyemort rpymme — 440 + 76 mi (p < 0,05). Cpenunit yposens pCO, u pH
KPOBMU B MccefyeMoli rpyne coctaBui 38,2 + 2,7 MM pr. cT. m 7,371 + 0,021, B rpynne cpaBHeHnsa — 44,4 + 3,8 MM pT. CT.
n 7,231 £ 0,035 (p < 0,05). Cpenu 60/mbHBIX, KOTOPBIM 6biTa BbimonHeHa JIH]I, nMen MecTo OfUH eTaabHbI MUCXO.
YacToTa MMOC/IeONepaIiiOHHbIX OC/IOKHEHWIT B MCCIIEyeMOlt TpyIIe oKazanach paBHa 16,6 % (2), B rpymme cpaBHe-
Hust — 12,2 % (5). BoiBogsl. Jlamapockomdeckas HeppIKTOMUS B yCIOBUAX KapOOKCUIIEPUTOHEYMA HU3KOTO JAB/ICHIIS
[03BO/ISIET 130eXaTh PasBUTH Y MALVEHTA IUIePKAIIHUY 1 PeCIMPATOPHOTO alfi/03a U IPELOTBPATUTD TSDKETIbIE cep-

[eYHO-COCYAUCTDIE OC/IOXHEHVIA, HECMOTPS Ha BBICOKUIT PUCK UX pa3BUTUA cpepy 6ombHbIx ¢ ATIIT.

@ Kntouesvie cnosa: JTallapOCKOIMYeCKas He(l)pSKTOMI/IH; ITOJIMKMCTO3 IIOYEK.

INTRODUCTION

Autosomal dominant polycystic kidney disease
(ADPKD) is a hereditary disease characterized by the
replacement of the renal parenchyma with multiple
cysts of different sizes [1]. The size and weight of poly-
cystic kidneys can reach up to 40 cm and 8 kg, respec-
tively. Terminal renal failure develops in most patients
with ADPKD by the age of 60 years. Renal transplanta-
tion is a method of choice in such patients. Transplan-
tation without removal of the native kidney and sub-
sequent immunosuppressive therapy are associated
with a high risk of infectious complications because
of the high prevalence of cyst infection [2, 3]. Thus,
the majority of patients with ADPKD need to undergo
nephrectomy before registering in the transplant wait-
ing list. Laparoscopic nephrectomy is the surgery of
choice for these patients [4].

High-pressure carbon dioxide pneumoperito-
neum laparoscopic nephrectomy is contraindicated
in patients with cardiovascular comorbidity. This is
particularly true in patients with ADPKD with the
incidence of cardiovascular comorbidity in the set-
tings of renal replacement therapy and main disease
of up to 50%.

With the advancement in laparoscopic technology,
there is an increasing interest in laparoscopy with low-
pressure carbon dioxide pneumoperitoneum with lapa-

rolifts and endolifts for traction of the abdominal wall
and creation of a working space [5].

There are several laparolifts and endolifts with vari-
ous designs for laparoscopic surgery. These techniques
are used in almost all surgical areas [6-10].

MATERIAL AND METHODS

This study was based on a prospective treatment
analysis in 36 patients with ADPKD who underwent
laparoscopic nephrectomy in 2013-2018. Two-step
bilateral nephrectomy was performed in 19 (52.8%)
patients and monolateral nephrectomy in 17 (47.2%).
A total of 55 surgical interventions were performed.
Eight (22.2%) patients underwent surgery under low-
pressure carbon dioxide pneumoperitoneum (12 sur-
geries). The indications for the surgery were registra-
tion in the transplant waiting list and complications of
ADPKD, such as pyelonephritis, infection and rupture
of cysts, and gross hematuria.

Low-pressure carbon dioxide pneumoperitoneum
laparoscopic nephrectomy was performed as follows.
The patient was placed in the lateral decubitus posi-
tion with three-quarter rotation. The abdominal wall
was lifted using a clamp. Using the Veress needle, in-
sufflation with carbon dioxide under a pressure of
6-8 mm Hg was performed. Such pressure in combina-
tion with abdominal wall lifting using a clamp is suffi-
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cient for satisfactory visualization of the peritoneum in
the area of the needle and insertion of ports. A 10-mm
port was inserted in the standard position. A 10-mm
30°-viewing laparoscope was used. Under direct vision,
one needle was inserted in the lateral abdomen in the
most convenient position in the longitudinal direction,
considering the anatomical location of the polycys-
tic kidney (the needle in the iliac region was inserted
2-3 cm medial to the anterior axillary line and 2 cm
above the anterior superior iliac spine, longitudinally
along the same line, and penetrating 4-5 cm below the
costal arch). Thereafter, the needle was fixed to the rig-
id arc of the laparolift. Using a thread bar through the
knee of the operating lamp, traction of the abdominal
wall was performed, and the working space was created.
The abdomen was desufflated. The subsequent steps of
the surgery were performed under low-pressure carbon
dioxide pneumoperitoneum. Minimal (1-3 mm Hg) in-
sufflation of carbon dioxide was found to prevent vac-
uum formation in the abdominal cavity. Furthermore,

ports for nephrectomy were inserted, and the main step
of the surgery was performed. The triangular shape of
the working space with the highest point in the pro-
jection of the renal hilum allowed sufficient visualiza-
tion and freedom to move the instruments. Laparolift
insertion in the most convenient position, considering
the anatomical location of the polycystic kidney, sim-
plified the operating technique and improved visu-
alization. The typical configuration of the laparolift is
shown in Fig. 1.

According to the method of laparoscopic nephrec-
tomy, patients were categorized into two groups. The
study group comprised eight patients who underwent
low-pressure carbon dioxide pneumoperitoneum lapa-
roscopic monolateral nephrectomy (12 surgeries). The
control group included 28 patients who underwent
high-pressure pneumoperitoneum
(10-12 mm Hg) laparoscopic nephrectomy (41 surger-
ies). No significant difference was observed between the
two groups with respect to the main parameters (Table 1).

carbon dioxide

5

- Nhw

~

Fig. 1. Laparoscopy in terms of low pressure carboxyperitoneum, the arrangement of laparolift: / — laparolift needle; 2 — abdominal wall; 3 — lapa-
rolift arcuate bracket; 4 — filament traction; 5 — operating lamp knee; 6 — abdomen; 7 — endoport to install the laparoscope; § — costal margin;
9 — navel; 10 — polycystic-changed kidney; /1 — workspace; 12 — kidney leg

Puc. 1. Cxema pacnosioxkeHust lanaposudra rnpu Janapockornuu B yCJ0BUSIX KaPOOKCHIIEPUTOHEYMA HU3KOTO JaBJjeHus: | — cruua Janapondra;
2 — OpiolHas crenka; 3 — ayrooGpasHas ckoOa Janaposndra; 4 — HUTeBast Tra; 5 — KOJIEHO ONepPallOHHO JlaMIbl; 6 — OpIolMHa; 7 — 9H-
JIOTOPT JUISt YCTaHOBKH Jianapockona; 8 — peGepHast ayra; 9 — nynok; /0 — NoJMKMCTO3HO H3MeHeHHas 1ouka; /[ — pabodee NpocTpaHCTBO;

12 — nodeuynasi HOXKKa

Table 1

The main characteristics of the patient groups

Tabnuya 1
OcHOBHBIE XapaKTEPUCTUKU I'PYIII MANVIEHTOB

Parameters Study group, n =8 Control group, n =28 p

Men 5 (62.5 %) 13 (46.4 %)
Women 3 (37.5 %) 15 (53.6 %) > 005
Age. years 56.4+7.8 51.9+8.3 >0.05
Dialysis. months 48.5 +30.5 47.1 £33.4 >0.05
Maximum size of the kidney. mm 204 + 35 217 + 49 >0.05
Preparing for the transplant waiting list 6 (75 %) 20 (71.4 %) - 0.05
Complications of ADPKD 2 (25 %) 8 (28.6 %)

Note. ADPKD. autosomal dominant polycystic kidney disease.
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RESULTS

The average duration of the surgery in the study and
control groups was 126 + 18 and 114 +11 min, respec-
tively (p > 0.05). Intraoperative blood loss was signifi-
cantly more in the low-pressure carbon dioxide peri-
toneum group (440 + 76 ml vs. 225 + 45 ml, p < 0.05).
The incidence of intraoperative vasopressor support was
33.3% (4 cases) in the study group and 19.5% (8 cases)
in the standard laparoscopic technique group. The aver-
age pCO, level and blood pH were 38.2 + 2.7 mm Hg
and 7.371 +0.021, respectively, in the study group
compared with 44.4 + 3.8 mm Hg and 7.231 + 0.035,
respectively, in the control group (p <0.05). In the
low-pressure carbon dioxide peritoneum group, one
patient died on postoperative day 4 due to the mesen-
teric thrombosis. The time of mobilization, duration of
hospital stay, and postoperative complications are pre-
sented in Table 2.

DISCUSSION
Cardiovascular comorbidity limits the use of high-
pressure carbon dioxide pneumoperitoneum. Increased
gas pressure in the abdominal cavity necessary for the
preservation of the working space during laparoscopic
surgery is associated with several negative effects:
1. Compression of the large venous vessels with in-
creased venous pressure and impaired circulation.
2. Restriction of the diaphragm mobility, which neces-
sitates the supply of a larger respiratory volume to
maintain adequate lung ventilation and correct hy-
poxia.
3. Direct adsorption of carbon dioxide by tissues, lea-

by hypercapnia (increased blood carbon dioxide

partial pressure).

4. Reduction in cardiac output due to increased pe-
ripheral resistance and compression of the chest or-
gans.

5. Specific complications of carbon dioxide pneumo-
peritoneum (pneumothorax, subcutaneous emphy-
sema, pneumomediastinum, and gas embolism).

In our opinion low-pressure carbon dioxide pneu-
moperitoneum is the solution to the problem of cre-
ating a high-pressure pneumoperitoneum. The results
of using this technology are consistent with those for
standard high-pressure carbon dioxide pneumoperito-
neum laparoscopic technique, regardless of the initial
patient status. The complication rates after low-pres-
sure carbon dioxide pneumoperitoneum were slightly
higher compared with those in the control group, but
cardiovascular complications were not included in the
analysis. Lethal mesenteric thrombosis developed in
only one patient with severe sepsis, advanced athero-
sclerosis, and malignant neoplasm in the polycystic
kidney.

CONCLUSION

Low-pressure carbon dioxide pneumoperitoneum
laparoscopic nephrectomy prevents hypercapnia, re-
spiratory acidosis, and severe cardiovascular com-
plications, although the risk of their development in
patients with ADPKD is low. Because of the laparolift,
it is possible to obtain the advantages of minimally in-
vasive laparoscopic techniques and eliminate the dis-
advantages of high-pressure carbon dioxide pneumo-

ding to metabolic and respiratory disorders caused peritoneum.
Table 2
The surgical treatment results of patients with PKD
Tabnuya 2
Pe3ynbTaThl ONIEPATUBHOIO JIeYeHUA GOTBHBIX C Ay TOCOMHO-FOMMHAHTHBIM IOMTMKIICTO30M IOYEK
Parameters Study group, n = 12 Control group, n = 41 p
Average duration of surgery, min 126 £ 18 114 £ 11 > 0.05
Duration of stay in the intensive care unit, days 1-2 (1.6 £ 0.5) 1-2 (1.4 + 0.33) > 0.05
Time of patient mobilization, days 2-3 (2.85 + 0.39) 2-3 (2.63 + 0.23) > 0.05
Duration of hospital stay, days 8-9 (8.6 + 1.3) 7-8 (7.7 £ 0.5) > 0.05
Surgical complications 16.6 % (2) 12.2 % (5) > 0.05
o Mesenteric thrombosis 1 (8.3 %) -
« Wound infection 1 (8.3 %) 2 (4.8 %)
. > 0.05
o Bleeding, hematoma - 2 (4.8 %)
o Arteriovenous fistula thrombosis - 1 (2.4 %)
Mortality rate 8.3 % (1) - > 0.05
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