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This exneriment describss the freezing of ar-
terial segments in situ to determine if an artery
go frozen would remalin patent and funectional.

In the radical attacks belng made in the sur-
gery of carcinoma, the involvenment of major ves-
sels by a tumor mass often prevents adeguate tumor

rasection. While grafts or synthetic prosthesis

would conceivably aid in the removal of tumor in

certain situations, in some anatomical arsas such
treatment might orove difficult or impossible. 1In
certain casss the procedure of cholce would neces-
gsarily be closure of the wound without an attempt
at tumor extirnation.

It is suggested that in cases of tumor in-
volvement of vessels, the ilnvolved artery might
be subjected to a freezing onrocess which would
kill the cellular components of both the tumor
and the artery. Concelivably the slastic and fi-
brous tissue in ths arterial wall would keep the
artsry patent and intact until tissue regensration
replaced the kxilled cells., Important arteries in-
vaded by tumor cells might thus be freed of tuwmor
wnile arterial flow was maintained. Sueh a pro-

cedurs would be advantagous as comparsd to the la-



borious replacement of vessels by homografis or
gimple closure of the wound wiere graftliag was 1im-
nossible,

Few sxperiuments in the past have been con-
cerned with procedures to bring aboul the death
of azminmzl cells by freezing, EIarly experiments
wers concerned with the preservation Qf cellular
tissue following frostbite.

Following the advent of the arterial homograft
most experiments were dirscted primarily at pre-
serving the cellular integrety of the homograft
in the face of its preparatory freeze-drying.

The relationship between atherosclerosis and
arterial injury has also prompted investigators to
subject arterial walls to various forms of trauma
which included freezing.l

These experiments provided considerable in-
formation concerning cellular death by freezing,
although this information was not the primary

goal.

no
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MATERTALS AND HMETHODS OF PROCEDUREK

The animals selected for this experiment were
three large healthy mongresl doges. The animals were
given 4 mg/kg depot heparin I.M. one day prior to
arterial freezing.

The coolant used was solid carbon diloxide ice;
this presents a surface temperature of —’4300.

Fach artery was exposed using aseptic tech-
nic. The proximal portion of the segment to be
frozen was clamped with a bulldog clamp. All
blood in the segment was milked distally and ex-
cluded from the vessel by means of a second bull-
dog clamp. The handle of & Bard-Parker scalpel
was passed beneath the lschemic segment and el-
evated g0 that the vessel was held up and apart
from underlying structures. A plece of carbon
dioxide ice approximately the width of the scal-
pel was held against the arterial segment with
thumb forceps for one minute to insurse complete
freezing. Thus an arterial segment the width of
the scalpel handle (1.5 em) was frozen. The solid-
ified arterial segment was allowed to thaw alowly
to room temperature. The segment was marked using
6-0 silk sutures which were placed in the adventi-

tia at the proximal and distal extremities of the
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frozen area. The bulldog clamps were removed and
the artery was allowed to fall back into place.

The artery was palpated to insure patency and the
wound was closed. The operabtlive gsites were checked
until the arterial segments were removed days and
weeks later. Particular attention was devoted to
watching for signs of infection and to checking
pulses as to whether or not thrombosis nad oc-
cured.

The central one-third of ths frozeﬁ segments
were removed and the proximal and dlstal stumps
ligated. The first segment was removed at the end
of week one, the second was removed at the end of
week two and thusly until all five segments were
removed., A ssction of unfrozen artery was also
removed from two animals for comparative studies.
The arterial segments were sectioned and stained
with both H&E and Virchow stains. Histological
studies of the segments were made to compare the

structural differences between segments.



OBSERVATIONS AND RESULTS OF EXPERIMENT

When Freezing

Blood reentering the thawed arterial segments
exhibited a dark reddish-purple color which was
considerably darker than the non-frozen portions
of the same vessels. The pulses could be palpated
equally well in the frozen and the non-frozen areas
and the blood flow seemed unchangad,'as viewed
grossly, when compared to the flow before freezing,

Post-Freezine Inspection

Pulses could be palpated throughout the ves-
gel lengths at all times following closure of the
wounds. There was no evidence of thrombosis at any
time. There was no evlidence of infectlon at any
time.

Removal of the Frozen Arterial Segments

One Wesk ?osﬁ—Freézing

GROBS: At surgery, very few changes were
evident. Blood flow was essentlally normal to ap-
pearance and palpation. The frozen segment 4id,
however, appear to be lighter in color than the
rest of the artery.

MICROBCOPIC: The endothellium had appar-
ently dilsappeared. The internal elastlc membrane

was partially flattened. Cells in both the media
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and the adventitia showed loss of nuclel and karyo-
pyknosis. Vasa vasorum were dilated. There were
remarkably few inflammatory cells present, and the
few present were restricted to the adventitla.

Two Wesks Post-Freezing

GROSS: The adventitia had begun to show

evidence of lincreased vascularity. The frozen

segment was now much lighter in color than was the
rest of the artery.

MICROSCOPIC: The endothellum was still
absent. Although ccecasional intimal cells were
present which were thought to be regenerating en-
dothelium, their origin could not be determined
by using the present stains. The cellular com-
ponents of the media showed evidence of necrosis,
The gdventitia Wa.s quite(vascular.

Three Weeks Post-Freezing

GROSS5: The adventitla showed evidences of
being still more vascularized. The frozen seg-
ment appesared to remain lighter in color.

MICROBCOPIC: The sendothellum had reap-
peared as a unlcellular layer. Areas of necrosis
in both the media and adventitia persisted. Lon-
nective tissue cells were appearing in the msedla,

Agaln, howevsr, it could not be stated whether
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these were fibroblastic or collagen cells.

Four Wesks Post-Freszing

GROSS: The frozen segment demonstratad
about the same propertlies as noted in the third
segment. However, the adventitia appeared great-
1y thickened and much more vascular than previous-
ly noted.

MICROBCOPIC: The endothelium was still
a single layer of cells. Fibrous proliferatlon
was much more in evidence than previously noted.
Elastic fibers showed minimal fragmentatlion. The
adventitia was more vascularized.

Five Weeks Post-Freszing

GROGS: The adventitlia exnibited about the
same gualilty as noted in the deseription of the
fourth week segment. The color of the segment was
more translucent than had been previously noted.

MIOROSCOPIC: The intima was two to three
cells thick and coversd the entire intimal sur-
face. The elastic membrane appeared to have few-
er breaks than previously and apoearsd not to be
quite as flat. There was essentially no change
in the adventitla.

To sum up, the endothelium was destroyed or-

lzinally but began to show rsgeneration by the
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second week. The cellular components of the ar-
terial walls became necrotic. The adventitia ul-
timately became highly vascularized. There was
minimal inflammatory reachblon in evidence through-

out the experiment.



DISCULBION

Cell Death by Freezing

"The physlologlcal trauma suffered by cells

subjected to cooling a tissue from body tempera-

ture to -70°0, followed by thawing, involves the

following danger sequence:

1.

o
.

Thermal shock - betwesn 37°C and varying
points below 0°C.

Osmotlc shock - from increased electro-
lyte concentration in the medium as ex-
tracellular ice forms.

Harmiul effects due to salt increase buibd
distinet from osmotic shock; e.g8.; »ro-
tein and lipids being denatured, dis-
solved opr precipltated.

Mechanical damage ~ produced by crystal-
ization of water around and wilthin the
cell,

A second exposurs Lo excessive elsctrolyte

concentration during thawing."?

In order to insure complete cell death by a

freezing procedure; it is helpful to understand

the mechanism of cellular injury as incurred in

the freeze-thaw cycle. 4n attemnt can then be made

logically so Lo produce maximum trauma to cells.
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The rate of cellular cooling becomes guite im-
portant. Very rapid freezing, short of vitrifica-
tion, oresumably forms intracellular ice crystals
and appears to bs almost uniformly lethal to mam-
malian cells, with a few excaptions.3 The extent
of cellular contact with the coolant affects the
rate of cooling. Alr exposurss are unreliable,
while contact with a cold liquld ovrovidses excel-
lant dissination of heat and lowers the temperature
rapidly and efficiently.4 Rapid cooling rates can
be obtained by smploying an alcohol-carbon dloxide
ice bath (-78°C) which gives a temperature drop
of 1.7°C/second or approximately 100°C/minute.”
Direct contact of a largze blood vessel of man or

dog with carbon dioxide ice for one minute 1s con-

-~

sidered ample time in which to complete freezing.®

Carbon dioxide ice was therefore selected for the
coolant in this sxperiment because it adequately
freezes cells, 1s cheap, handles sasily, 1s read-
ily available and will not stick to tissues.

The spsed of thawing is alsc important in de-
termining the degree of damage produced by freezing.
In Luyet's experiments it was found that rapid thaw-
ing tended to avoild crystalization within the cells

and allowed most of the cells to live, wherzas fro-
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zen cells thawed slowly in the alr were destroyed.
In general it 1is stated that show thawing is mors
lethal to cells than rapid thawingvbecause of the
increased formation of ice crystals as the temper-
ature rises slowly.7

The results of early studies evaluating
freszing temperaturses and consequent cell death
were vague. For example, Lake, in 1817, stated
that a sudden drop in temperature below -46°C for
as brief a period of time as 35 seconds to as long
a8 18 minutes producsed cesll death.S Meryman and
other investigators have since felt that freezing
of tissuesg could be consideresd complete when the
temperature reached -15%¢., However, 1t is accep-
ted practice to continue cooling to -25°G to com-
nensate for a lag in speclmen temperature.

Thrombusg Fornmation

Pate and Sawyer, by measuring the electric
potential differences across the walls of vessels,
have shown that dying, injured or degsnerating
cells have a positive injury potential on their
intimal surfaces as compared to the adventitia.9
These positive intimal potentials atiract the nse-
gatlvely charged blood cells and a thrombus is

formed on the vessel where the potential at the

11
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intima 1is negative, and to the freeze-dried graft
which (belng dead) is incapable of maintaining any
poteniial.lo

In this experiment the method of freezing
was such that the above conditions were met. Cell-
ular death of the frozen arteries was virtually
certaln in the opinion of this investigator.

Such studies substantiate that there is a di-
rect relationship between thrombus formatlion and
the pressnce of injured cells in the wall of the
artery. To state the converse, the absence of
living cells in the wall of an artery correlates
with the absence of any electriczl potantial and
therefore a reduction in the possiblility of throm-
bosis. One might assume in the present experiment
that the cells in the center of the frozen segment
were dead, and they were without an injury polten-
tial. Howevar, at ths Jjuncture between the normal
arterial cells and the frozen arterial cells there
were certainly cells which were only injured and
therefore possessed of an injury pobtential. These
could easily nhave caused thromboslis. To avoid throm-
bosis due to such injury potentials, Davis sugges-
ted that the animals bs heparinized adegquately be-

fore the freezing procsss, and that a dosage of

12



4 mg/kg depot heparin be given I.M. at least 1 day
prior to surgery.ll
Late thrombosis very often occurs in frost
bitten sxtremities, at times being delayed Tor as
much as seventy-two hours. Lange and Boyd feel
that thls is due to massive infection which al-
most always occurs in severe frostbite, unless

12 14 was felt that

proper precautbtions are taken.
this would not be a great problem in this sxpeprli-
ment since tilssus damage was miznimal as compared
to the freezing of a complete extremity and because
aseptic technic was carefully obssrved. However,

animals were watched closely for signs of infec-

tion; none appearad.

13



Post-Freszing Rupbure

The

cellular components of grafts used in

early arterial work were dead as for example

those tissuses preserved in aleohol. BSince es-

sentially this effect was desired in the present

experiment, it was hoped that the end result - un-

eventful healing - would be the same. The early

=1

changes that Hufnagel described for frozen homo-

logus grafts would be anticipated in segments of

arterias

O

recorded
graft:

1.

2.
3.

frozen in situ. Hufnagel's description

the nistologic changes seen in each

The intimal surface 1is destroyed and is
raoidly replaced by a new endotheliunm.

The subendotnelial layer bscomes thickened.
The elastic lamina is well preserved and
remains in good condition.

The adventitia bscomes slightly thickened,
and new blood vessels grow into the graft

sgon aftar transplantatioa.14

In the present experimsnt it was Telt that

the arterial wall would be weakest and in great-

est danger of rupbture within five to seven days

after freezing. At this time necrosis would be

maximal and regeneration would have progresssad

14



only a limited 4«

have withstood

frozen in situ

15

Since homologus grafts
blood pressure arteries

expected to do the sane.



CONCLUSICN

It has been shown that arteries frozen in
gitu suffer complete cell death. Such vessels
do not thrombose but remaln patent. The vessel
walls premalin functionally intact and the circu-
lation continues unimpeded. The procedure might
prove useful in eradication of tumor from tumor
involved major vessels.

The procedure warrants further investiga-

tion.
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SUVMARY

An experiment to determine the effects of in
situ arterial freezing is dsscribed. Five femoral
arteries of dogs were frozsn in situ by a dry ice
freezing technic. The arteries remalned patent.
No post-freezing thrombosis or other complications
arose. Frozen ssgments were removed at weekly in-
tervals and histologic studles were made to reveal
chronological changes. Complete cell death was
produced. Hlastic and fibrous connective tissue
maintalned a skeletal frame work and provided a
funetional arterial wall. The endothelium guick-
1y regenerated and became two to thrse cells thick
by the end of the fifth week. Evidence of collagen
formation was noted by the end of the third wesk
and increased greatly by the end of the {ifth
week,

The problem of suprgical treatment of major
vessels involved by tumor was discussed,.

A metnod of eradication of such tumor from

arterial walls by in situ freezing 1s proposed.

17
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