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Theste is Soma evidéncs thal a double freaze—lhaw cycle induces a higher parcenlaps af lisswe destruction wilhin a given lasion, thus mproves urformily af
call death,

Kollman[20] using a porcine madel, sludied Yinlrahepalic cryolesions induced by freedng the hepalic lissee for a tatal of 15 mins. Addilional animals uriderwenl
a double freere—lhaw cycle of 7.5 ming each [DFL Seven days aler freesng, DF did nol change the volume of the cryalesion comparad o SF, howeser,
resulted inenhanced destruction of hepalooyle rudear morphology. He showed thal double freezing may improve unilormily of bepatacyte nuclear destruction
within the mangin of the lesian dus la a mone pronounced shutdawn of microsascular perfusion, resulling in ireversile ischemia [21,.22). In addtion, as il & well
Emorwen thal thawing s a mare mpoant mechanism of oall death than cooling [23], the application of a double thaw cycle in double freezing may sccount for
the mone complale manginal hepstoayle nuclsar destrocion.

Rabinsan[24] showed hal far bone cryosurpary, lhe differenca of the vabilily of largeded calls betwaan one freazing cyche and two reazing cycles was highly
sigrificanl Bul the viabilily foll owing three freesng cycles was similar to thal afler bwa freering cpdes (Figure 1-8-10) Also, after a single cyde of freesng,
rmosl specimens were necrolic, some ware slill viable, In conlrast, there ware no specimeans 1hal had viable cels folowing tvo freezing cycles (Figare 1-8-11).

[

Figure 1-8-10. Average wability 8 standard devialion of umar morsals (expressed as aplical density par 100 mg wel
weight)
Fram Robinson? 0, of &, Crysbisigy 2001,43:4-10
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Figure 1-8-11.7 A, Cell necrosis lkwing a single meezng cycle is nol uilorm (Alcian blue stain, orgiral magnilication

3200). B. Cell necrosis folkawing teo freezing cydas appears uniform {Alsian bue slain, original magrification 3200).

From Robinson? O, of & Crpcbisiogy 2007, 43:4-10
Interestingly, Kallman's sludy indicates a marked reduction of leakocylic infiliration aler double freerdng companaed Lo single reezing[20]. This may be due o
the fact that lhe double reaze procedure provides & mors distind! microvascular shutdawn &t the mangin al e ayalesian companad Lo the single freaze
procadure[21,25], which can prevant rapid marginal lissue infiltralion By leukocytes derved from the blood stream. The distinel sosinaphilic infltralion n
rmarginal zane af cryslesion was more pronounced after double freedng companad wilh single reazing, and thus nvarse 1o leukoeybe (mainky reulrophl]
inflillratian. This may indicate a spacific immune response aler double freezing, which remains o be slucidabed in Tutther sludeas.
A dauble resze thaw cycde was shown o producs significant increases in cell desiruction far every sed of hermal parameabars imsestigaled. This finding is also
in agreement with Lhe two Taclor theory. Al high coolng rabes a double freeze thaw cycle should increase he statislical probabilily of intracelular s farmation
and cell damage. &l lower cooling rabes the elfect of a double reazs lhaw cycle is o increase the amounl af lime cells axposad 1o the ypaonic condilions,
ard thug increase the degres of ssmalic njury{B].
Selective vascular inflow ooelusion
Selactive vascular inllew sodusion durng he application ol a single freera—ihaw cycle efectively anhances marginal cell destruction, addilionally, signilicantly
increases the overall volume af the lesion. In cinical praclice, addilional Pringle manesuwser (vascular soshusion) was inlreduced wilh the idea (o inorease the
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walurme and effactivenass of the sryosungical procedure[26,27).
In a shesp model of cryosurgery, Dilley(27] reporied that the rate of increase of iceball dismeter i significantly greater afler vasoulas inflow coclusion, and that
the necrosis as & mean percentage of initial icebal diameter after 1 month is more pronounced afber double versus single freazing.

Kol man[20] used a pordne madel o sludy whelher salsclive vascular inflow occlusion can achieve complals hepatic asue destruction. Resulls shawed kal if
the single reera—thaw cpde was applied during seleclive vascular inflaw acdusion, the valume of the cryolesion was significanily increased comparad (o
single freeza—thaw cyche (SF) and double fresza—haw cycle{DF). More detailed analysis of the ransilion zones of the cryclesions of sach groug revealed
destruction of the intralobular lrabecular archileclure in zane 1, which was slighlly mare pronounced in V0-SF -trealed livers compared Lo DF-livers. Impartantly,
destruction of hepatocyle nuclear momphology in zone 1 was nol complets in SF-treated livers, but was evident in OF- and VO-SF treated hepatic lissue,
Accordingly, within the transition zone 1 OF - and WO-3F ivers showed a significantly higher scaore of destruction of hepatocyte nuckear morphology compared
to SF-lreated lissue. In zne 2, VO-5F resulbed in comparable leukooyte infilration as sheerved after SF, while DF was associsted with a significantly reduced
leuleaeytic infillrative reaponas. In 2one 3, bile duel proliferation was associsled with apepiotic call death and sasinephilic infillration. Bile duct proliferation was
camparable in all hree groups. Moreover, VO-SF-lreated livers showed mare pronounced apoplolic call death, whie DF-lreatrent increased the infiltation of
emsinophilic cells. The petechial bleadings al the ransitian o the rarmal hepalic Ssue in zone 4 did nol differ in sevarity betwesn (he three diferent realment
greups{Figure 1-8-12)

e

Figure 1-8-12. Hislomarpholagical characteristics 7 days aller cryosurgeny. Mote the bile dusl proliferation (A afles single
freaze—thaw cyce of 15 mins], the accumulation of apoplotic calis (B, after single reaze—thaw cyche of 15 mins during
kelechive vascular inllow ecclusion (WO-5F]], and the infiliration of ecsincphilic cells (C. afler double Treeze—-thaw cycle of
7.5 mins) in zone 3 of the transitional area within the margin of the cryolesion. In addition, within the transition from
one 3 10 the narmal hepatic issue of pone 4, palechial bleedings are obaarsed (D. afer WO-3F )

ravnt Holiman O, of & [ M, 48263272

Mata[2B] studied the effecl of vascular infllow ooclusion for eryolesions in pigs during hepalic freazing. lce-ball volurme was astimaled by inlrsoperative magreatic
resonance imaging. Resulls showed thal the median volume of eryolesionsmade during inflow acclusion was 195% larger than aryalesians induced witheut
occlusion. The geomealry af the icaballs was morne regular if produced during inflow occlusian than il nol

Seifert[10,29) shawed thal using 8 mm-cryoprobes in vivo placed in the pig liver, a 20 ming single freeze cyde with additienal Pringle manceuwre, resuted in a
safely margin of about 15-16 mem. However, a significant ischaemia-repearfusion injury may resull in addition to the liver injury caused by Pringle manosuvne.
For this reason hapalic inllow occlusion during cryotbarapy should be limibed 1o spedal siluations requiring this lechnigue [for eaxample lesons =3 cm in difficult
Incations close (o large vessals, which do nol allow the placement of mulliple profes) and nol recommendad &% a rauline procadure.

Thes higher eflecliveness achisved by inflow vascular ocelusion kas (o be aliributed [0 the sbrogation of the “heat sink elfect” due (o the lack of mictavascular
perfusionf1,8]

Anfifreeze profeing

It have besen shown thal antilfesze proleins can enhance the destruclion of cells rozan. All the AFPs, including AFP-1, share the abilily 1o deprass the freering
poirit af body Nuids noncoligatively. When the fuids eveniually freeze, these proteing modifly the structure of the jce crystals[31].

A mare comprehensive sbudy on antifresze protein adjuvant cryosurgery Tor prostate, bresst, and Bver cancer was performed. Over 30 contral sbudies
compared the viability af prostate cancer cells, bress cancer calls, and hapatocyles. To show that antifrears prolesing are effective during crycsurpery in

wiva, Pham[31] perfarmed axparimanls with human prostalic adenscarcirama grown subculanassusly in mude mics. Prioe o eryosungary, Ibe lumars of tea mice
wehe injected inleratitially with AFP-1. I/ contral mice, the lumars wate injected with PBS in a similar manner of with oo injgecion al @l The resulls showed
(Figure 1-B-13} the timsue frozen with AFPs has completely lost ils siroctural infegrity. The call membranes are not intact, the nudei have became distarted,
ard, in particular, the conneclive lissue surounding the cells appears 1o be shearsd. There is no continuily betwean (he cells, and rumerous lacunae ane
evident betwean he cells.

e &2 e

Figure 1-8-13. Typical micrographs af ihe prostiste cancer lissue befone (a) and afler cryosurgary (k) and {c)

k. Obtained from prostate cancer lumars thal were injecied with phosphale-bullfered saline sohution prior to freazing, 7c. 7

Obtained fram tumors that were inected with a solution of PBS containing 10 mgéml AFP-1. The staining shows the cell

nuclei; a. llusirabes the round shape of the nucle in prostate cancer fumars and the narmal tiEsue structure; b, Shows

that afer freazing some of lhe nuclei have become dislored and have darkened while athers [marked with armows)

appear filacl & Shows that afler reazing with AFP the fucle are dstored and irmegular in size. Furlhermane, hare ans

numerous Beunae in the fiEsue. Scale bar, 10mm

From Pham L, af ai. Cryabiology 198938 168-175
Muldrewf32] had a similar sludy. He used subcutansaus umees of Dunning AT-1 ral prosiste cells grown in Copanhagen rals 1o detect adjuvant elfecl of AFP |
far cryosurgery, and the cryoinjury was assessad wilh the alama blee indcabor of melaboks activily. Resulls showed (hat a double-fréeze procedure wilh AFF?
was faund ba give significantly better ablation than & double-freeze without AFP or a single-Treeze with or without AFP.
The mechanism by which AFPs destroy calls and ligsus was not yel understand. There i a possibiity that AFPs modify the structure of ice crystals. The
destruction socurs repardess af ke tharmal cardilions during msezing and appeans o be ralated anly 1o the abservad lomalion af the nsedlelike ice cryslals.
Histalogy suggests that this mode of freezing is associabed wilh severs distuplion of the callilar and conpecive structures, including the rudei membrane. &
possile explanalion for the damaging effect of the anlifresre proteins is mechanical. The small needle-ike ice crystals propagate thrawgh the
tisgue in lhe direction of the emperature gradients and may shear the cel and nucls membrane and the conneclive lissue &= they propagate through (he
tissue, Farmatian of he spioules is canceniration dependeni[32).
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Regardless of the mechanism by which antifreaze proleins produce their destruction, the demonstration of the efectiveness of the AFPs in crpasurgery in
wivais impartant for clinical practice.

Tinmor necrogiz factor-a (TNF-a)

This eylakine THF-a, while syslerically taxic, has shown banefil when locally sdministersd bo lumars. This aduvant is known b promaols inflammation,
endoibelial injury, and apaplosis, in addilion o being cytalaxic to cancer cells and genarally harmbul bo tumor micravasculalune. Because of the role of THF-a in
callular [apoplolic and necralic cell dealh) & well as vasoular mechanisms of injury relabad o endothalial call aclivalion and inlammalion, THF-a may enhancs
eryosurgical ksion in viva[33-35).

Chaal36] examined the eflect of TNF-a on cryasurgeny of an in vivo microvasoular preparation in a nude mouse, A comparisen of injury data o a thermal model
indicated that the minimum temperature after moderate cooling, thawing, and hold time required for causing necrosis, shows? that the local wse of THF-a can
dramalically ncrease the threshold emperstune of cryo-desirection by more than 107C ( Figure 1-8-14 7 .

&2

Figure 1-B-14. The mirirmum lemparatures requined (o ceuse neonosis in dfensnt issues fallowing modarate coaling,
Ihawing and hold time. “Normal Skin” denales normal skin lissues rom Copenbagen rals {n = 6, while column), nude
ke {r = B light gray), or inflamed skin Gssoes from nude mica afer THF-a reabmant (no= 4; dark gray). " Tumar Tesuas™
denabes AT-1 Dunning rat prastale tumor 7= 6; while calumn), LNCaP Pro 5§ human prostate cances [n = 8, light gray), or
nflamed LNCaFP Pro 5 lissues aller THF-a treaimenl (0= 4, dark gray).

A pravious results ablained using normal lissue and AT-1 ral prostabe lurmar in thée Copenhapen ral an lisbed for
comparisan { Hoffmann NE, Bischal 1T J Biamech Eng 2001, 123:310-316 ) . Error bars are slandand deviaions

Froe Chas BH, of &l Cryaléalogy 2004, 45.10-27
Hewever, neither nommal nor tumor lissues showed necrosis after TNF-a treatment withoul eryesurgery, sugpesting local application of TMF-a by ilsell al this
dosage woukd nol damape tissue.
Thera is the hypalhesis thal vascular-medialed injury is respongble Tor defining (he adge of the cryalesion in microvascular-perfused tisswe, and therefons the
infammation induced by local use of TNF-a augments erysinjury.
The effect may impact 1he montering of shnical erpasurgery. During cryasurgery of the prostale and olber organs such as liver, kidney or brain, ullrassund, CT
or MR can be used o monilor the axbent of the cryoswumical ioeball. However, this is nol aplimal with eryasurgery on some special siles such &= proslals, since
overfreszing inte sensilive adjscent slructures can cause complications. On the other band, i the surgeon underresze by keeping the iceball solely wilhin the
burmor, cancer exisfing & Lhe pariphery af the crpalesian may nat be efleclively Ireated, which may kad 1o recurrence of dissase. Lacal spphcation of THF-a 1o
tarpebed lissue in vivo waould decrease its cryonjury thresheld, or increase its thermal threshold, o 3.526.97C under moderate freeze thaw condilions, which
are clase Lo the lemperature o the edpe af the iceball. Therefore, the combination of cryasurgery and local inflammation induced by THF-a may improve the
dlimical application of cryosurgery, specifically in the prastabe but akeo in alher argan systems, by increasing (he abiity of ulrasound and other iceball-monibaring
techinalogies 1o monilor and predict inury. subseguently reducing polential side efliects from cryolbaraay37T).
CONCLUSION
Main causes of lumor persistence of recurancs aller cryosurgery al the sile of cryoablalion are incomplete desiruction dus b inaccurate proced ural monilanng
ard inadequate criberia lor trealment adequacy. The oplimizalion of cryasurgery should consider crucial factors such as the lime of reszing, e e-baw
cyches, number of probes, prabes” sipas, the spalial posilion of the probes, and shape and size of the lumore. The selecclive occlusion of vascular inflow and
addition af molecular adjuvants, such as TNF-alpha, can dramalically increase the threshold temperature of cryo-gestruction.
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