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I. Stadiul actual al cunoasterii

I.1. Introducere

Performantele tehnice in domeniul imagisticii medicale a facut posibild diagnosticarea unui numar
tot mai mare de tumori renale cu dimensiuni reduse. Aceasta situatie a condus la dezvoltarea unei game largi
de alternative terapeutice minim invazivem, "nephron-sparing”, avand in vedere ca in stadii incipiente,
cancerul renal se vindecd doar prin tratament chirurgical.

Crioterapia, comparativ cu celelalte tehnici ablative, conferd muultiple avantaje: capacitatea de
control n timp real al efectelor ablative, oferind cea mai buna eficientd in conservarea functiei renale.

Multitudinea de avantaje dar si provocarea pe care o implica utilizarea crioterapiei in abordarea



terapeuticd a leziunilor renale, m-a determinat sd aprofundez aceastd metoda de pionierat pentru activitatea
stiintificd medicala romaneasca.

1. Contributii personale

11.1. Ipoteza de lucru

in contextul dezvoltirii tehnicilor chirurgicale, medicul si pacientul sunt asaltati de o gama larga de
optiuni asa zise "la moda".

Generatiilor noi de chirurgi le revine dificila sarcina de a alege si aplica procedee si manopere care,
de multe ori, vin in conflict cu dogmele clasice consacrate cum este cazul operatiilor conservative.

Vindecarea cancerului cu riscul producerii de noi afectiuni, unele grave, pare a intra Tn contradictie
cu chiar unul din principiile de baza al practicii medicale: "Primum non nocere". in cazul tratamentului
cancerului acesta ar trebui sa fie reformulat: "Primum minimum nocere". Aceste aspecte se reflecta foarte
bine in cazul afectiunilor tumorale renale unde, nefrectomia radicald poate deschide drumul catre o
insuficienta renald cronicd, cu consecinte la fel de grave ca boala maligna.

Desi logicad si fezabila, nefrectomia partiald a ridicat dintotdeauna multiple probleme tehnice: riscul
séngerarilor importante, in trecut chiar fatale, riscul fistulelor urinare ireductibile, cresterea riscului recidivei,
riscul septic.

Crioablatia tumorilor renale are avantaje datorate reducerii riscurilor intraoperatorii si a morbiditatii
postoperatorii, comparativ cu nefrectomia partiald, cu atdt mai mult cu cit malignitatea tumorii nu poate fi
probata preoperator. Pe de altd parte, utilizarea nefrectomiei partiale pentru tratamentul tumorilor care se
dovedesc benigne este considerat un gest terapeutic excesiv.

Comparativ cu nefrectomia partiald, crioablatia este creditatd a reduce sangerarea intraoperatorie,
permite planificarea si simularea computerizatd a procedurii, conferda o complianta mai bund datorita
reducerii riscurilor operatorii si a duratei recuperarii postoperatorii. Reducerea duratei efective a procedurii
este In directd relatie cu experienta echipei chirurgicale. Chiar in cazul recidivei, reinterventia este posibild
precum rdmadn deschise restul optiunilor terapeutice: nefrectomia partiald laparoscopicd sau
retroperitoneoscopicad sau chiar nefrectomia radicald. Date fiind indicatiile crioablatiei laparoscopice,
ineficienta metodei nu modifica stadiul bolii si nu pericliteazd curabilitatea unei interventii chirurgicale
ulterioare Tn intervalul de urmarire postoperator de ordinul lunilor.

Principalul dezavantaj al crioterapiei este proba timpului. Alte aspecte ar fi costurile actuale ridicate
mai ales pentru sisteme sanitare care trebuie sd se reformeze plina criza economicd. Curba de Invatare este
lunga deoarece echipa operatorie trebuie sa posede cunostinte si experientd in sfera ecografiei intraoperatorii,
a chirurgiei laparoscopice, a imagisticii RMN sau CT. Aceste abilitdti profesionale sunt cu atdt mai
importante cu cat crioterapia se practicd eminamente prin abord laparoscopic sau retroperitoneoscopic.

Crioterapia pe pat tumoral a apdrut ca o necesitate determinatd de dezavantajele crioterapiei
normale. Necesitatea controlului marginilor de ablatie poate conduce la lezarea structurilor renale de la
nivelul hilului sau a organelor si structurilor de vecinatate: ureterul, ansele intestinale, vena cava, artera aorta,
pleura. Excizia prealabild a tumorii permite un mai bun control al administrarii energiilor ablative.

in studiul de fata am urmirit evaluarea eficientei unor tehnici noi care se doresc a fi radicale, minim
invazive in tratamentul cancerelor renale, comparativ cu tehnici minim invazive consacrate i considerate
standard la cazuri selectionate.

11.2. Obiective

Obiectivul principal al lucrarii de fatd a fost evaluarea eficientei tratamentului crioablativ al
tumorilor renale cu diametru de maxim 5 cm, comparativ cu metodele standard minim invazive, conservative
de organ.

11.3. Material si metodi

Tehnicile chirurgicale originale utilizate Tn tratamentul tumorilor renale localizate, Tn maniera
aplicatd in ICUTR Cluj sunt detaliate atat pentru nefrectomia partiald cét si pentru crioablatia tumorilor In
totalitate sau a patului tumoral dupd excizie prealabild.

Sunt surprinse principalele etape ale demersului medical, de la indicatii, la descrierea
instrumentarului si a sistemelor de tratament utilizate, la descrierea tehnicii operatorii efective si a tehnicilor
diagnostice asociate.

De asemenea sunt descrise modalitatea de realizare a sistemului informatic de reconstructie
tridimensionald pe baza sectiunilor CT si simulare a crioablatiei precum si principalele rezultate
experimentale care au stat la baza fundamentarii procesului fizic de transfer termic.

11.5. Aspecte morfologice secundare procesului de crioablatie tumorala

in acest capitol sunt surprinse datele originale, incidentale, dar cu deosebita valoare stiintifica
privind efectele crioletale initiale si la distanta, datorate expunerii tesuturilor tumorale si renale la temperaturi
scidzute extreme, atinse Tn cursul crioablatiei.



Aceste rezultate sunt cu atat mai importante cu cat In prezent nu exista decét date experimentale pe

model animal, de reguld organe si tesuturi normale.

11.7. Evaluarea sistemului de simulare a crioablatiei tumorilor renale pe model 3D reconstituit

Tabel.ll.2. Principalele rezultate.

Gr.A Gr.B
Numarul pacientilor 14 13
Durata operatorie (min.) 138,79+5,51 140,9245,54
Sangerare (mL.) 164,29+60,22 215,38+100,80
Drenajul postoperator (mL.) 80,36+22,31 98,08+18,99
Necesarul de analgezie (mg echivalent sulfat de morfind) 10,36+4,55 11,53+3,67
Durata spitalizarii (zile) 5,5+2,38 5,69+2,25
Reintegrarea socio-profesionala (zile) 13,93+4,34 14,85+4,10
Gr.A - pacienti cu planificare preoperatorie, Gr.B - pacienti fara planificare preoperatorie
Tabel.IL.3. Analiza multifactoriala folosind regresia logistica.
(N=27, R=0,61733663, R2=0,38110451, R2 | Beta | Beta Std. B B Std. | t(19) p
ajustat=0,15309039, F(7,19)=1,6714, Err. Err.
p<0,17611, Std.Err. 0,46858)
Intercept 93,295 | 3,396 |27,472| 0,000
Volum tumoral (cm3) 0,082 0,201 0,001 | 0,002 | 0,406 | 0,689
Durata operatorie (min.) 0,579 0,274 0,053 | 0,025 | 2,112 | 0,048
Sangerare (mL) 0,631 0,264 0,004 | 0,002 | 2,385 | 0,027
Drenaj postoperator (mL) 0,269 0,208 0,006 | 0,005 | 1,291 | 0,212
Necesarul de analgezie (mg echivalent sulfat| -0,270 0,225 -0,033 | 0,028 | -1,199 | 0,245
de morfind)
Durata spitalizarii (zile) -0,321 0,262 -0,072 | 0,059 |-1,226 | 0,235
Reintegrarea socio-profesionala (zile) 0,102 0,202 0,013 | 0,025 | 0,506 | 0,618

Tabel.ll.4. Relatia dintre dimensiunea tumorala si numarul de ace de crioterapie planificat preoperator.

Nr. cryoneedles Nr. Patients  {Tumor size (cm) Tumor volume (cm3)

average range average range
1 8 1,49+0,36 1-2 8,98+5,94 2,4-18,8
3 5 2,38+0,16 | 2,2-25 | 32,12+6,42 25,1-36,8
4 5 2,72+0,13 | 2,6-2,9 | 47,68+6,93 41,4-57,5
5 4 3,13+0,05 | 3,1-3,2 71,95+3,51 70,2-77,2
6 1 3,8 129,29
7 4 440,17 3,8-4,2 | 148,6+19,41 | 129,3-174,6
Total 27 2,58+0,91 54,9+49,35

11.9. Poate fi crioablatia retroperitoneoscopica noul standard terapeutic "'nephron sparing™

pentru tumorile renale T1a?, O analiza multifactoriala.
Tabel.ll.5. Principalii factori descriptivi ai cazuisticii studiate.

Crioablatie Nefrectomie partiald
retroperitoneoscopica retroperitoneoscopica
1. |Nr. cazuri 27 24
2. |Sex Masculin 16 59,3% 12 50,0%
Feminin 11 40,7% 12 50,0%
3. [Varsta (ani) 47,59+7,91 50,79+48,71
4. |Dimensiunea tumorii (cm) 2,58+0,91 2,56+0,90
5. |Rinichi afectat Stang 8 29,6% 8 33,33%
Drept 19 70,4% 16 66,7%
6. |Pozitie Pol superior 8 29,6% 8 33,3%
Medial 12 44,4% 7 29,2%
Pol inferior 7 25,9% 9 37,5%
7. |Localizare Anterioara 6 22,2% 3 12,5%




Lateral 16 59,3% 16 66,7%
Posterioara 5 18,5% 5 20,8%
8. |Rinichi unic 5 18,5% 1 4.17%
9. |Durata operatiei (min.) 139,81+45,52 170,33+6,94
10. |Sangerare (ml) 188,89+84,73 462 ,50+55,66
11. |Analgezia opioida (echivalent mg sulfat de 10,93+4,11 11,00+3,31
morfind)
12. |Durata spitalizarii (zile) 5,59+2,28 4,92+2.24
13. |Reintegrarea socio-profesionali (zile) 14,37+4,17 14,63+4,33
14. |Histologie RCC clare 15 55,6% 16 66,7%
RCC papilar 3 11,1% 3 12,5%
Angiomiolipom 4 14,8% 3 12,5%
Oncocitom 2 7,4% 2 8,3%
Neconcludent 3 11,1% - -
15. |Complicatii (hemoragice) 4 14,8% 7 29,2%
16. |Urmarire (luni) 18,73+12,52 38,98+17,56
17. |Valoarea creatininei serice preoperator 0,77+0,11 0,78+0,09
(mg/dL)
18. |Valoarea cratininei serice postoperator 0,84+0,15 1,05+0,23
(mg/dL)
19. |Valoarea creatininei serice la 3 luni 0,84+0,14 0,94+0,18
postoperator (mg/dL)
Tabel.l1.6. Analiza Mann Withney a principalilor factori analizati.
Suma Suma . . 2%
: . | Nefrectomie U Z Z ajustat
Crioablatie S valoare p
’ partiala
Varsta 631,50 694,50 253,50 [-1,33 -1,332 0,185022
Dimensiunea 715,50 610,50 310,50 [0,25 0255  0,800631
tumorala
Durata operatiei 378,00 948,00 0,00 -6,11 -6,118 0,000000
Sangerare operatorie 395,00 931,00 17,00 |-5,79 -5,843 0,000000
Analgezie opioida 694,50 631,50 316,50 |-0,14 -0,142 0,888441
Durata spitalizirii 754,00 572,00 272,00 [0,98 0,990 0,334118
Reintegrarea 688,00 638,00 310,00 |0,26 0,265  [0,800631
socio-profesionala

11.10. Discutii generale

Chirurgia este si in prezent standardul de aur pentru tratamentul tumorilor renale.

Daca initial, tehnicile "nephron sparing" au fost utilizate la pacientii cu risc de insuficientd renala in
urma nefrectomiei radicale, in prezent astfel de tehnici au devenit la fel de frecvente ca si nefrectomia
radicald, chiar la pacienti cu rinichi controlateral normal.

Progresele Tnregistrate de tehnicile imagistice au permis evaluarea principalelor caracteristici
morfologice a caror cunoastere este necesara tratamentelor minim invazive, "nephron-sparing™: dimensiune
tumorald, localizare accesibila la nivelul rinichiului, rapoarte optime cu structurile adiacente.

Legat sau nu de dezvoltarea tehnicilor imagistice, in ultimele decade s-a Tnregistrat o crestere
semnificativa a incidentei tumorilor renale, majoritatea fiind maligne. Cresterea incidentei tumorilor renale s-
a datorat Tn mare parte diagnosticului incidental al tumorilor renale cu dimensiuni mici.

Tn cazul prezentului studiu, s-a Tnregistrat o crestere a incidentei cazurilor cu tumori de mici
dimensiuni care se preteaza la astfel de modalitati terapeutice. Este cazul unei cresteri a adresabilitatii
pacientilor din toata tara, ca urmare a informarii privind modalitatile terapeutice existente din anul 2006, si
anume crioablatia laparoscopica.

Ca o consecintd, cresterea adresabilittii a condus la o crestere a tratamentelor minim invazive,
"nephron sparing" de la 5-6 pe an Tn perioada 2004-2005, la 0 medie de 16,5% Tn perioada 2006-20009.

Studiul de fata si-a propus sa compare doud categorii de tehnici minim-invazive, "nephron sparing™:
nefrectomia partiala si crioablatia, ambele realizate prin abord retroperitoneoscopic. Crioablatia
retroperitoneoscopica a tumorilor renale a fost introdusa in ICUTR in 2006 in cadrul unui proiect de cercetare
care urmarea implementarea unui sistem complex de evaluare preoperatorie, modelare a terapiei si crioablatie
retroperitoneoscopica implicand reconstructia 3D.

Derivat din cele doud metode este metoda crioterapiei pe pat tumoral dupd rezectie tumoralad
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prealabila. Logica acestei interventii este aceea de a realiza o excizie tumorald cu margine de sigurantd
minima urmat de sterilizarea marginilor de rezectie prin crioterapie pe patul tumoral.

Daca, intr-o meta-analiza realizata de Inderbir Gill, rata unitatilor renale functionale postoperator era
foarte buna, cu valori cuprinse intre: 97,9%-99,6%, totusi, pierderea medie de sange a fost de 300 ml iar rata
complicatiilor postoperatorii a fost 18,6% necesitdnd reinterventie chirurgicala la 6,9% din cazuri.
Dificultatile tehnice sunt revelate si de rata marginilor de rezectie pozitive care a fost Intre 1,8% si 2,4% din
cazuri.

in cazuistica studiata nu au fost inregistrate complicatii care si necesite reinterventie operatorie iar
functia rinichiului a fost conservata la valori similare celor preoperatorii demonstrdnd capacitatea
interventiilor folosite de a conserva fondul de nefroni functionali, cu valori ale creatininei serice de 0,84+0,15
mg/dL la 3 luni postoperator.

in medie dimensiunea crioleziunii a scizut la 61,96% din volumul initial pentru o perioadd de
urmirire de 24 de luni. In cazul a 3 pacientii care au urmat crioablatie, tomografia computerizati cu substanta
de contrast a demonstrat prezenta captarii substantei de contrast, motiv pentru care s-a practicat biopsia
crioleziunii. Un pacient a urmat nefrectomie partiala iar un pacient nefrectomie radicala. Toti pacientii au fost
liberi de boala la finalul perioadei de urmarire.

Abordarea tumorilor renale prin crioablatie laparoscopica sau retroperitoneoscopicd, oferd un
avantaj distinct care rezida din minim invazivitatea procedeului, de capacitatea de a conserva fondul de
nefroni dar nu in ultimul rand de capacitatea vizualizarii procesului in timp real atat optic cat si ecografic.
Aceste aspecte minimizeazd riscul leziunilor adiacente, crescand totodata acuratetea procedeului.

Tn comparatie cu nefrectomia partiali, este o evidenta reducere a pierderilor de sange. De asemenea,
lipsa necesitatii clamparii hilului renal si absenta ischemiei calde, determind o conservare cit mai bund a
parenchimului renal non-ablat, prezintd o morbiditate minima si o refacere rapida.

Capacitatea de control dual: optic prin videoscopie si ecografic intraoperatorie in timp real, duce la
obliterarea completd a tumorii, obtindndu-se totodatd margini de sigurantd de calitate la nivelul tesutului
sanatos renal.

Monitorizarea ultrasonograficd intraoperatorie a leziunii de crioablatie, confera intregii tehnici
precizie, incredere si reproductibilitate.

Utilizarea sistemelor de reconstructie 3D precum si a celor de simulare a interventiilor chirurgicale
au o aplicabilitate din ce in ce mai larga.

Tn cadrul studiului de fata a fost utilizat si evaluat un sistem de reconstructie 3D folosind sectiunile
fine CT. Acest sistem a fost rezultatul colaborari in cadrul proiectului de cercetare CrioLapSim coordonat de
Institutul Clinic de Urologie si Transplant Renal din Cluj-Napoca.

Simularea procesului de crioablatie a permis evaluarea numarului de ace necesar. Astfel, pentru
acoperirea unei tumori cu diametrul maxim de 2 cm se pate face folosind un singur ac de crioablatie, in timp
ce pentru o tumora de 4 cm diametru maxim sunt necesare 6-7 ace. Practic relatia este directa cu volumul
tumoral.

Din punct de vedere al rezultatelor pe termen scurt, crioablatia retroperitoneoscopica s-a dovedit mai
eficientd din punct de vedere al duratei operatiei si al pierderilor de sdnge, fapt revelat de analiza multivariata
Mann Withney.

Desigur cd o comparatie intre crioablatie si nefrectomia partiala este dificil de realizat in termeni ai
radicalitatii oncologice deoarece crioablatia nu conduce la furnizarea de material care sd poatd fi evaluat
anatomo-patologic. Cu toate acestea se pot face comparatii din punct de vedere al conservarii functiei renale.

Din acest punct de vedere, Tn studiul nostru, crioablatia pare mai putin agresiva a supra functiei
rinichiului tratat comparativ cu nefrectomia partiala. Cu toate acestea nu se poate dovedi statistic
superioritatea crioablatiei fata de nefrectomia partiala.

Scaderea semnificativd a dimensiunii crioleziunii concomitent cu absenta captarii substantei de
contrast a demonstrat eficienta ablativa a tehnicii folosite. Pe ansamblu, radicalitatea oncologica a fost
asigurata atat in cazul crioablatiei cat si al nefrectomiei partiale.

11.11. Concluzii

Incidenta cancerului renal este in continua crestere, in special a cancerelor in stadii incipiente pentru
care nefrectomia radicald este o metoda terapeuticd, adesea disproportionata in raport cu ponderea patologica.

Dezvoltarea si promovarea tehnicilor minim invazive "nephron sparing”" conduce la cresterea
adresabilitatii cazurilor cu tumori renale stadiul Tla, cétre centrele medicale de excelentd, capabile sd ofere
metode de tratament care sa conserve maximul functiei renale.

Crioablatia tumorilor renale conduce la efecte distructive imediate direct citoreductive, completate
de efecte la distanta secundare predominant leziunilor vasculare.

Crioablatia retroperitoneoscopica poate fi metoda de electie pentru tratamentul tumorilor renale pe
rinichi unic avand risc de complicatii si in special complicatii urinare mai mic comparativ cu nefrectomia
partiald, iar impactul asupra functiei renale este redus.

Crioablatia retroperitoneoscopica reduce durata operatiei in special in cazul tumorilor situate pe
valva posterioara datorita reducerii necesitatii de disectie perirenald si a hilului renal, procedura realizandu-se
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fara controlul vascular al pediculului renal.

Incidenta tipurilor de tumori renale in cazuistica noastra este similard cu cea intdlnitd in populatia
generala. Punctia biopsie a fost eficientd in precizarea tipului histologic la 88,89% din cazurile care au urmat
crioablatie tumorala.

Crioablatia permite reducerea semnificativa a sangerarii intraoperatorii si a drenajului postoperator
comparativ cu nefrectomia partiala.

Din punct de vedere al necesarului de analgezie, nu se pot demonstra diferente semnificative intre
cele trei metode studiate.

Durata spitalizarii este similard In experienta prezentatd. Durata spitalizarii In cazul crioterapiei in
studiul de fata a fost mai mare, fiind datoratd prudentei si necesitatii acumularii experientei.

Functia renald evaluata prin valorile creatininei serice a fost mai putin influentata de crioablatie
comparativ cu nefrectomia partiala si aflatd in relatie cu volumul crioablat. Diferentele sunt pregnante
imediat postoperator datorat si efectelor ischemiei intraoperatorii din cursul nefrectomiei partiale si sunt
diminuate la 3 luni postoperator.

Simularea procedurii de crioablatie permite stabilirea fezabilitatii acesteia in functie de
particularitatile cazului: localizare tumorala, raporturi cu structurile anatomie, raporturi cu organele vecine.

Tn raport cu volumul initial al crioleziunii, la pacientii care au urmat crioablatie, sciderea
crioleziunii a fost de 38,04% la 24 de luni.

in analiza multifactoriald, crioablatia retroperitoneoscopici conferd un grad sporit de siguranta
operatorie, cu rezultate oncologice similare nefrectomiei partiale.
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I. The current state of knowledge

I.1. Introduction

Technical performance in medical imaging has made it possible to diagnose a growing number of
small renal tumors. This led to the development of a wide range of minimal invasive, "nephron-sparing"
therapeutic alternatives, since in the early stages, kidney cancer are cured only by surgery.

Compared with other ablative techniques, cryotherapy provides many advantages. The ability of real
time control of ablative effects provides the best efficiency in preserving the renal function.

The many advantages and challenges due to use of cryotherapy in the management of renal tumors,
prompted me to expand this pioneering method for Romanian medical scientific activity.

11. Personal contributions

11.1. Hypothesis

Given the development of surgical techniques, doctors and patients are assaulted by a wide range of
options so called "fashionable".

New generation of surgeons have the difficult task to choose and apply methods and techniques that
often come into conflict with the tenets enshrined as the classic case of conservative operations.

Curing cancer with the risk of new diseases, some serious, appears to conflict with even one of the
basic principles of medical practice, "Primum Non Nocere." In cancer treatment it should be rephrased:
"Primum Minimum Nocere." These aspects are reflected very well for diseases where renal tumors, radical
nephrectomy may pave the way for a chronic renal failure, with consequences as serious as malignant
disease.

Although logical and feasible, partial nephrectomy has always raised many technical problems: the
risk of major bleeding, the risk of irreducible urinary fistulas, an increased risk of relapse, the risk of sepsis.

Crioablation of renal tumors has advantages due to reduced risk of intraoperative and postoperative
morbidity compared with partial nephrectomy, especially since the malignancy of the tumor can not be
assessed with certainity preoperatively. On the other hand, the use of partial nephrectomy for the treatment of
tumors that prove to be benign looks an excessive therapeutic gesture.

Compared with partial nephrectomy, crioablatia is known to reduce bleeding during surgery,
allowing computerized planning and simulation of the procedure, gives a better compliance by reducing the
surgical risks and duration of postoperative recovery. Reducing the effective duration of the procedure is in
direct relation to the surgical team experience. Even in case of recurrence, retreatment remains open to other
options such as therapeutic or laparoscopic partial nephrectomy or radical retroperitoneoscopic nephrectomy.
Given the indications of laparoscopic cryoablation, inefficiency does not change the stage of disease and do
not jeopardize curability of subsequent surgery during the postoperative months of follow-up.

The main drawback of cryotherapy is the test of time. Other issues such as the current high costs
especially for health systems need to be reformed in full economic crisis. The learning curve is long because
the surgical team must have knowledge and experience in the field of intraoperative ultrasound, laparoscopic
surgery, and MRI or CT imaging. These professional skills are more important as cryotherapy is done mainly
by laparoscopic or retroperitoneoscopic approach.

Cryotherapy in the tumor bed has emerged as a necessity given the disadvantages of regular
cryotherapy. The need for control of ablation margins may lead to damages of kidney structures in the hilum
or organs and structures within the neighborhood: ureter, intestine, vena cava, aorta, pleura. Prior excision of
the tumor allows a better control of the administration of ablative energy.

In this study we aimed to evaluate the effectiveness of new techniques that need to be radical,
minimally invasive methods of kidney cancer treatment compared with minimally invasive techniques
already established as standard in selected cases.

11.2. Objective

The main objective of this thesis was to evaluate the effectiveness of cryoablative treatment of renal
tumors less than 5 cm in diameter, compared with standard minimally invasive, "nephron-sparing"”
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techniques.

11.3. Material and methods

Original surgical techniques used in the treatment of localized renal tumors, in the manner applied in
Cluj ICUTR are detailed both in the case of partial nephrectomy and tumor crioablation fully or in tumor bed
after prior excision.

There are caught the main stages of the medical approach, from indications and description of
instrumentation and treatment systems used, to describe the actual surgical technique and associated
diagnostic techniques.

It also describes the means to develope the informatic system for three dimensional reconstructions
based on CT sections and cryoablation simulation and the main experimental results that led to the grounding
of the physical process of heat transfer.

11.5. Morphological features secondary to tumor cryoablation

In this chapter are captured original and incidental data, with high scientific value regarding the
initial crioletale effects and on long term due to exposure of the tumor and renal tissue to extreme low
temperatures, achieved during cryoablation.

These results are particularly important as there are currently only experimental animal model data
usually obtained on normal organs and tissues.

11.7. Assessment of the renal tumors cryoablation simulation system using CT 3D
redonstruction model. A multifactorial analysis.
Table.ll.2. Main results.

Gr.A Gr.B
Patient number 14 13
Surgical time (min.) 138,79+5,51 140,9245,54
Bleeding (mL.) 164,29+60,22 215,38+100,80
Postoperative dreainage (mL.) 80,36+22,31 98,08+18,99
Analgesia requirement (mg eq. morphine sulphate) 10,36+4,55 11,53+3,67
Hospital stay (days) 5,5+2,38 5,69+2,25
Socio-profesional reintegration (days) 13,93+4,34 14,85+4,10

Gr.A - pacienti cu planificare preoperatorie, Gr.B - pacienti fara planificare preoperatorie

Table.ll.3. Multifactorial analysis using logistic regresion.

(N=27, R=0,61733663, R2=0,38110451, Beta | Beta Std. B B Std. | t(19) p
adjusted R2=0,15309039, F(7,19)=1,6714, Err. Err.
p<0,17611, Std.Err. 0,46858)
Intercept 93,295 | 3,396 |27,472| 0,000
Tumor volume (cm3) 0,082 0,201 0,001 | 0,002 | 0,406 | 0,689
Surghical time (min.) 0,579 0,274 0,053 | 0,025 | 2,112 | 0,048
Bleeding (mL) 0,631 0,264 0,004 | 0,002 | 2,385 | 0,027
Postoperative dreinage (mL) 0,269 0,208 0,006 | 0,005 | 1,291 | 0,212
Analgesia requirement (mg eq. morphine| -0,270 0,225 -0,033 | 0,028 | -1,199 | 0,245
sulphate)
Hospital stay (days) -0,321 0,262 -0,072 | 0,059 |-1,226 | 0,235
Socio-profesional reintegration (days) 0,102 0,202 0,013 | 0,025 | 0,506 | 0,618
Table.ll.4. Relationship between tumor size and number of cryotherapy needles planned.
Nr. cryoneedles Nr. Patients  [Tumor size (cm) Tumor volume (cm3)

average range average range
1 8 1,49+0,36 1-2 8,98+5,94 2,4-18,8
3 5 2,38+0,16 | 2,2-2,5 32,12+6,42 25,1-36,8
4 5 2,72+0,13 | 2,6-2,9 47,68+6,93 41,4-57,5
5 4 3,13+0,05 | 3,1-3,2 71,95+3,51 70,2-77,2
6 1 3,8 129,29
7 4 440,17 3,8-4,2 | 148,6+19,41 129,3-174,6
Total 27 2,58+0,91 54,9+49,35

11.9. Can be the retroperitoneoscopic cryoablation the new therapeutic "'nephron sparing"
standard for T1a renal tumors?
Table.ll.5. The main descriptive factors.
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Retroperitoneoscopic Retroperitoneoscopic
cryoablation partial nephrectomy
1. |Nr. Patients 27 24
2. |Sex Male 16 59,3% 12 50,0%
Female 11 40,7% 12 50,0%
3. |Age (years) 47,59+7,91 50,7948,71
4. |Tumor dimension (cm) 2,58+0,91 2,56+0,90
5. |Affected kidney |Left 8 29,6% 8 33,33%
Right 19 70,4% 16 66,7%
6. |Pozition Upper pole 8 29,6% 8 33,3%
Medial 12 44,4% 7 29,2%
Inferior pole 7 25,9% 9 37,5%
7. |Location Anterior 6 22.2% 3 12,5%
Lateral 16 59,3% 16 66,7%
Posterior 5 18,5% 5 20,8%
8. |Single kidney 5 18,5% 1 4.17%
9. |Operative time (min.) 139,81+45,52 170,33+6,94
10. |Bleeding (ml) 188,89+84,73 462 ,50+55,66
11. |Opioid analgesia (equivalent mg morphine 10,93+4,11 11,00+3,31
sulphate)
12. |Hospital stay (days) 5,59+2,28 4,92+2 24
13. |Socio-profesional reintegration (days) 14,37+4,17 14,63+4,33
14. |Morphology Clear cell RCC 15 55,6% 16 66,7%
papilary RCC 3 11,1% 3 12,5%
Angiomyolipoma 4 14,8% 3 12,5%
Oncocitoma 2 7,4% 2 8,3%
Unconclusive 3 11,1% - -
15. |Complications (bleeding) 4 14,8% 7 29,2%
16. |Follow-up (months) 18,73+12,52 38,98+17,56
17. |Pre-op serum creatinine (mg/dL) 0,77+0,11 0,78+0,09
18. |Post-op serum creatinine (mg/dL) 0,84+0,15 1,05+0,23
19. |Serum creatinine at 3 months (mg/dL) 0,84+0,14 0,94+0,18
Tabel.l.6. Mann Withney test results.
. Partial "
Cryoablation nephrectomy U Z adjusted Z 2"l
summ p value
summ
Age 631,50 694,50 253,50 [-1,33 -1,332 0,185022
Tumor dimension 715,50 610,50 310,50 10,25 0,255 0,800631
Surgical time 378,00 948,00 0,00 -6,11 -6,118 0,000000
Operative bleeding 395,00 931,00 17,00 |-5,79 -5,843 0,000000
Opioid analgesia 694,50 631,50 316,50 |-0,14 -0,142 0,888441
Hospital stay 754,00 572,00 272,00 [0,98 0,990 0,334118
Socio-profesional 688,00 638,00 310,00 |0,26 -0,265  [0,800631
reintegration

11.10. Discution

S

Surgery remains currently the gold standard for treatment of renal tumors.

If the original techniques "nephron-sparing have been used in patients at risk of kidney failure after
radical nephrectomy, at present such techniques have become as common as radical nephrectomy, even in

patients with normal contralateral kidney

The progress of imaging techniques has allowed assessment of the main morphological features,
whose knowledge is necessary to minimally invasive, “nephron-sparing” treatments: tumor size, accessible

renal location, optimal relationships with adjacent structures.

Related or not to develop imaging techniques in recent decades has been a significant increase in the
incidence of renal tumors, mostly malignant. Increased incidence of renal tumors was due largely to

incidental diagnosis of small renal tumors.

For this study, there was an increased incidence of small tumors that are susceptible to such
therapeutic modalities. It is the case of grow of the addressability of patients across the country, as a result of

promotion of the existing therapeutic modalities in 2006, namely laparoscopic cryoablation.

As a consequence, increased addressability led to an increase in minimally invasive, "nephron
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sparing" treatments, from 5-6 per year in 2004-2005 to an average of 16.5% during 2006-2009.

This study aimed to compare two types of minimally-invasive, "nephron sparing techniques:
cryoablation versus partial nephrectomy, both done by retroperitoneoscopic approach. Retroperitoneoscopic
cryoablation for the treatment of renal tumors was introduced in ICUTR in 2006 as part of a research project
aimed to implementing a comprehensive preoperative evaluation, modeling and retroperitoneoscopic
cryoablation treatment involving 3D reconstruction.

Derived from the two methods is the method of cryotherapy on the tumor bed after prior tumor
resection. The logic of this intervention is to achieve tumor excision with a minimum safety margin of
resection followed by sterilization by cryosurgery on the tumor bed.

If, in a meta-analysis by Inderbir Gill, the rate of postoperatively functional renal units was very
good, with values ranging between: 97.9% -99.6%, however, average blood loss was 300 ml and the rate of
postoperative complications requiring surgical reintervention was 18.6% to 6.9% of cases. Technical
difficulties are also indicated by the rate of positive resection margins ranging between 1.8% and 2.4% of
cases.

In patients studied, there were no surgical complications requiring reintervention and kidney
function was maintained at values similar to preoperative ones, demonstrating the ability of studied
interventions to preserve the fund of functional nephrons, maintaining serum creatinine at 0.84 + 0.15 mg/dL,
at 3 months postoperatively.

On average, the cryolesion size dropped to 61.96% of the initial volume for a follow-up period of 24
months. In the case of 3 patients who have undergone cryoablation, enhanced CT scan showed the presence
of the contrast uptake, which is why a cryolesion biopsy was performed. One patient undergone partial
nephrectomy and another one undergone radical nephrectomy. All patients were free of disease at the end of
the follow-up.

Cryoablation of renal tumors by laparoscopic or retroperitoneoscopic approach offers a distinct
advantage which arises from the minimal invasiveness of the procedure, the ability to preserve the fund of
nephrons but not least the ability to controll the process in real time both by optical or ultrasound view. These
aspects minimize the risk of adjacent lesions, while increasing the accuracy of the procedure.

The main patient benefit, when compared with partial nephrectomy, is an obvious reduction of
blood loss. Also, no need for renal hilum clamping and the absence of warm ischemia, leads to a better
preservation of non-ablated renal parenchyma, has minimal morbidity and rapid recovery.

The ability to dual control: by videoscopy and real-time intraoperative ultrasound, results in
complete obliteration of the tumor, while achieving quality, safety margins in the healthy kidney tissue.

Intraoperative ultrasound monitoring of the cryolesion, gives to whole technique accuracy,
reliability and reproductibility.

Use of 3D reconstruction and surgical simulation aplications are becoming wider.

In the present study was used and evaluated a 3D reconstruction system using thin CT scan section.
This was the result of collaboration in the research project: CrioLapSim, coordinated by the Clinical Institute
of Urology and Renal Transplantation from Cluj-Napoca.

Simulation of the cryoablation process allowed assessing the number of needles necessary. Thus, to
cover a maximum tumor diameter of 2 cm a single needle is sufficiently, while a 4-cm tumor diameter
requires 6-7 needles. Basically, the relationship is directly with tumor volume.

In terms of short-term results, retroperitoneoscopic cryoablation proved effective in terms of
duration of operation and blood loss, a fact revealed by Mann Withney multivariate analysis.

Certainly a comparison between cryoablation and partial nephrectomy is difficult in terms of
oncological radicality because cryoablation do not lead to specimens that can be evaluated by anatomic
pathology. However comparisons can be made in terms of preserving renal function.

From this point of view, in our study, cryoablation seems less aggressive over kidney function
compared with partial nephrectomy. However there is no statistical signifficance.

Significant decrease in size of the cryolesion along with the absence of the contrast uptake
demonstrated the effectiveness of ablative technique used. Overall, oncological radicality was assured both in
case of cryoablation and partial nephrectomy.

11.8. Conclusion

The incidence of kidney cancer is increasing, especially in the early stages of cancer for which
radical nephrectomy is a therapeutic method, often disproportionate to pathological weight.

Development and promotion of minimally invasive, "nephron sparing" techniques leads to increased
addressability of cases with T1la stage renal tumors, to medical centers of excellence, able to offer alternative
therapies to preserve maximum renal function.

Renal tumor cryoablation lead to destructive effects immediate directly cytoreductive, completed by
side effects predominantly due to vascular lesions.

Retroperitoneoscopic cryoablation may be the method of choice for treatment of solitary kidney
tumors due to its low risk of complications, mainly urinary complications, compared to partial nephrectomy,
and the reduce impact on renal function.
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Retroperitoneoscopic cryoablation shorten the surgical time especially for tumors located on the rear
valve by reducing the need for dissection of the kidney and renal hilum, the procedure being performed
without controlling the renal vascular pedicle.

The incidence of renal tumors in our study is similar to that found in the general population. Biopsy
was effective in specifying the histological type in 88.89% of the cases that followed tumor cryoablation.

Crioablatia significantly reduces intraoperative bleeding and postoperative drainage compared with
partial nephrectomy.

In terms of the need for analgesia, there may not be demonstrated significant differences between
the three methods studied.

Duration of hospitalization was similar between the three groups. In the case of cryotherapy,
increased duration of hospitalization was due prudence and necessity of accumulation of experience.

Renal function assessed by serum creatinine values were less affected by cryoablation compared to
partial nephrectomy and placed in relation to the ablated volume. Differences are noticeable immediately
after surgery due to the effects of intraoperative ischemia during partial nephrectomy and are reduced at 3
months postoperatively.

Simulation of the cryoablation procedure allows establishing its feasibility in regard to case features:
tumor location, relationships with anatomical structures, and relations with neighboring organs.

In relation to the initial cryolesion volume, in patients who have undergone cryoablation, the
cryolesion size decrease was 38,04% at 24 months.

On multifactorial analysis, retroperitoneoscopic cryoablation confers a high degree of surgical
safety, with similar oncologic outcomes compared to partial nephrectomy.
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