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CRYOCAUTERY AND AQUEOUS HUMOR DYNAMICS

Valve Insulated Handle

Freezing Coils

Vacuum Chamber

Vacuum Pump

Fig. 1—Schematic diagram of freezing apparatus using ring-type applicator.

Fig. 2—Handle with Freon regulating valve: ring-type freezing applicator.
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bit ciliary body area (18 mm for
most mature chinchilla rabbits).
The brass tubing was attached to a
closed system which was fed con-
tinuously with Freon gas. The ring
was attached to an insulated handle
which also contained a gas regulat-
ing valve. The used gas was dis-
charged into a vacuum pump (figs.
1 and 2). The circulating Freon
gas cooled the brass ring to a tem-
perature of —23°C. When this ring
was applied to the ciliary body
area, freezing was almost instan-
taneous and extended grossly about
1.5 mm on either side of the ap-
plicator. Since in the rabbit eye the
ciliary body is located close to the
limbus (Sheppard, 1961), freezing
of the peripheral cornea and the
chamber angle was unavoidable by
this technique. After using this
technique on a number of rabbit
eyes, certain disadvantages became
obvious. Immediately following cy-
clocryocautery by this technique a
substantial rise in intraocular pres-
sure occurred in all eyes. The in-
traocular pressure rose an average
of about 15 mm Hg, and tonogra-
phy immediately following thawing
showed a greatly reduced facility
of outflow. This rise in intraocular
pressure was thought to be due to
obstruction of aqueous outflow
channels by freezing, similar to that
reported by Gazala et al. (1965)
following circumferential experi-
mental limbal diathermy. After 24
hours the intraocular pressure in
these animals returned to preopera-
tive values, followed by a lowering
of intraocular pressure and reduc-
tion of aqueous flow in some eyes.
Histological examination of rabbit
globes following this mode of cryo-
application also showed a number
of undesirable side effects, pri-
marily disruption of the chamber
angle structure which would in all
probability nullify any effect of re-
duced aqueous production by the
ciliary body. It could also be shown
that many of the small vessels sur-
rounding the limbus were perma-
nently occluded by a process of en-
darteritis obliterans, whereas larger



channels remained patent. Similar
findings were recently reported by
Dan and Priestley (1965) on newly
formed conjunctival and corneal
vessels. Consequently it was felt
that this procedure would be too
traumatic for human application.
In all subsequent studies inter-
rupted cryo-applicataions have been
employed.

At this time I became aware of
the commercial availability of the
Kelman Cryostylet (Frigitronics,
Inc., Bridgeport, Connecticut). All
further experiments were carried
out with this instrument (fig. 3).
The instrument utilizes the Peltier
effect to produce low temperatures
(Kelman, 1964). A number of
modules (electric current passing
through two dissimilar metals) are
connected in series. The heat pro-
duced at the terminals of the mod-
ules is cooled by a coolant, and the
cold produced at the junction is
used for freezing (fig. 4). The
handle of this instrument carrying
the freezing tip also has a micro
switch accessible to the surgeon’s
index finger, which activates a heat-
ing coil, thus allowing for termi-
nation of the freezing process
within 3 to 5 sec (figs. 5 and 6).
While this instrument was pri-
marily designed for use in cataract
surgery, it can easily be used for
ciliary body freezing when some-
what lower temperatures are used.

Freezing was carried out with
the Cryostylet by applying the tip
of the instrument firmly over the
conjunctiva for 1 min 1 mm from
the limbus. Two applications were
made in each quadrant. The frozen
surface was slightly larger than the
tip of the instrument, measuring
about 4 to 5 mm in diameter. With
the reservoir temperature of the
coolant (saturated salt solution and
ice) at —2° to —4°C, the tempera-
ture of the tip was —40°C. Since
the ciliary processes of the rabbit
eye extend to the posterior surface
of the iris, complete freezing of all
processes was not obtained. All
rabbits used were mature chinchilla,
weighing from 2.5 to 3.5 kg. All

H. WIESINGER

Fig. 3—Kelman Cryostylet consisting of power supply, cooling reservoir a

freezing applicator tip with handle.

Applicator

Cold
Sink Aand B are two
dissimilar metals

( semiconductors)

water
Cooler

Curpen

Fig. 4—Schematic diagram of thermoelectric module, the principle of the Cryo-

stylet (courtesy Frigitronics, Inc., Bridgeport, Conn.).
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H. WIESINGER

a Mueller electronic tonometer and

ELECTRIC recorder. The values for PO (open-

v HEAT ABSORBED ing intraocular pressure in mm Hg)
COOLING l (COLD Si0B g p 2),
WATER

F (rate of aqueous flow) and C
(facility of outflow) were calcu-
lated using the tonographic tables
by Schimek (1964). I was fully
cognizant that the calculation of
aqueous production from tono-
graphic recordings is inaccurate

HEAT REJECTED and that constants used for the
{HOT SIDE) -

VIA COOLING WATER Ao e human eye cannot be used for the

rabbit. Since my primary interest,
however, was a relative change

Fig. 5—Schematic diagram of Cryostylet freezing handle showing thermo- rather than absolute values, I felt
electric modules connected in series. A micro switch allows for defrosting of tip that an adequate means of evaluat-
by a heating element (courtesy Frigitronics, Inc., Bridgeport, Ccnn.). ing aqueous dynamic changes could

be found by this method. This also
makes it easier to compare results
with those of other investigators
who applied the same formula for
their experimental tonographic find-
ings (Polack and de Roetth, 1964;
Bietti, 1950). Tonographic tracings
on all treated animals were re-
peated at one- to two-week in-
tervals following the procedure.

Intraocular Pressure

Immediately following the com-
pletion of the cryocautery there
was usually a slight rise of intra-
ocular pressure (5 to 8 mm Hg),
but in some instances there was a
slight drop. In no instance did the
rise reach the proportions previ-
ously described using the ring-type
applicator. Since this did not oc-

Fig. 6—Freezing handle of cryostylet. The surgeon’s middle or index finger can cur in the hum.an, it 115 probabl;

activate a micro switch to defrost tip and disconnect the tip from frozen tissue that in t‘he .rabblt the ?osene§s o

after application with minimal trauma. the al?pllcatlon to the llmb}ls is re-
sponsible for the pressure rise.

After one week the intraocular
pressure in 42 eyes fell an average

ABLE 2 of 8.52 mm Hg. Only two of the
T light rise in
i i 42 eyes showed a slig
Summary of tonographic study following cyclocryocautery intraocular pressure. The drop of
the PO ranged from 2 to 19 mm
Weeks after cyclogryog\utery 1 2 4 8 12 Hg. When the findings we}'e s1.1b-
Avere;_gie ecrease in P 8.52 4.89 4.62 5.77 4.75 jected to a statistical analysis using
(STgI:iﬁcizlce p < :0001 .001 .001 .001 .01 the “t” test for paired observations,
Average decrease in F ‘V'n
(ul /min) 1.78 1.(3)81 the t*(t* _ x\{‘ )
Significance p < ) .001 . d
Average change in C No definite trend demonstrable was found to be 10.436, giving a

249



CRYOCAUTERY AND AQUEOUS HUMOR DYNAMICS

significant P value of less than
.0001.

The PO values at the end of the
second week were subjected to a
similar analysis. The average drop
in PO after two weeks was 4.89
mm Hg. Four out of 38 eyes
showed a slight rise in pressure,
while the decrease in PO ranged
from 2 to 12 mm Hg. t* was cal-
culated to be 6.21 for a P value
of < .0001. This is also statistically
significant.

Further analysis after four weeks
showed an average decrease of in-
traocular tension of 4.62 mm Hg.
Four of 34 eyes showed a slight
rise in pressure, and in two eyes it
was impossible to get a technically
acceptable tracing. The drop in
intraocular tension ranged from 1
to 10 mm Hg. Values for t* were
4.204 and P < .001.

After eight weeks the situation
was essentially the same with an
average PO drop of 5.7 mm (from
1 to 10 mm Hg) and a t* of 7.816,
giving a significant P value of
< .001. Before the animals were
killed (at the end of 12 weeks),
tonographic tracings were repeated,
and the average drop of intraocular
pressure at that time was 4.75 mm
Hg. Six of 34 eyes showed in-
creases from 1 to 4 mm Hg, while
the decrease in the PO ranged from
3 to 13 mm Hg. Statistical evalua-
tion still showed a significant level
of « .01 for the P value.

Rate of Aqueous Flow

Calculated values for F before
cyclocryocautery were compared to
F values 12 weeks after treatment.
Values for forty eyes thus obtained
were paired. In 10 eyes the F val-
ues either remained the same or
increased slightly. In 30 eyes the F
value decreased. The average F
value before treatment was 4.22
ul/min and after treatment, 2.85
pl/min. When subjected to a sta-
tistical analysis, a * value of 5.112
was obtained, giving a highly sig-
nificant P of < .001.
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Fig. 7—Ciliary processes 12 hours after freezing showing hyperemia, hemor-
rhages, and endothelial changes of small vessels.

i

Fig 8—Intraepithelial cyst 12 hours after freezing: hyperemia and hemorrhages
into stroma.
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Fig. 9—Hyalinization of ciliary processes three weeks after freezing.

Fig. 10—Hyalinization of ciliary processes, partial atrophy, and areas of hyper-
plasia of pigment epithelium four weeks after freezing.

Facility of Outflow

Calculated values for C were
paired like the values for F before
and 12 weeks after cryocautery.
No definite trend in C values could
be established. C values were
greater in 21 eyes at the end of
observation, and less or equal in 19
eyes at the end of the observation
period. C values calculated at vari-
ous times of the 12-week observa-
tion period likewise showed no
definitely established trend. Tono-
grams for individual eyes both be-
fore, in the middle, and at the end
of the 12-week period will illustrate
the findings discussed above (table
1). Table 2 summarizes the re-
sults of the tonographic study.

Histology

Sections of globes enucleated six
to 12 hours after freezing showed
swelling of the ciliary processes
due to hyperemia, edema, and
hemorrhages into the stroma (fig.
7). There was an apparent altera-
tion of the endothelium of some
small and medium-sized ciliary
vessels. In most ciliary processes
the non-pigmented epithelium was
absent, except in those globes
where ciliary processes continued
on to the posterior surface of the
iris. Such processes appeared fairly
normal. Edema caused the forma-
tion of cystic spaces between the
epithelial layers in some processes
(fig. 8). A variable amount of pig-
mented epithelium was also de-
stroyed, although in most sections
some pigmented cells remained,
covering the congested ciliary proc-
ess. The hyperemia also involved
the iris root, causing some thicken-
ing. Some edematous changes were
also present in the chamber angle
of most globes, but no fibrin or
blood was observed in the anterior
chamber.

After 48 hours most edematous
changes in the ciliary processes, as
well as in the chamber angle, had
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Fig. 12—Position of micro-thermocouples for intraocular temperature measure-

ment during cyclocryocautery.

40 CRYO APPLICATOR
REMOVED i
30°
20°
10
4 == SUPERFICIAL SCLERA
"""" —— DEEP SCLERA
(0] === CILIARY BODY AND
ADJACENT VITREOUS
P | CHAMBER ANGLE
20 ] 1 ]
| 2 3
MINUTES

Fig. 13—Intraocular temperatures at various levels with applicator tip at tem-

perature of —12°C.

in the ciliary body dropped more
slowly to 47.9°C, and the same
reading was taken in the peripheral
vitreous adjacent to the ciliary body
where a temperature of 38° was
measured just before cryo-applica-
tions. The temperature recorded in
the chamber angle was -+5.3°,
whereas midway between the iris
and pupillary margin a temperature
of +13.2° was recorded in the
anterior chamber during cryo-ap-
plications. It was obvious that the
temperature of the applicator tip
was insufficient to bring about
freezing of the ciliary body. Fol-
lowing removal of the probe all
temperatures returned to pre-appli-
cation levels within 242 min, the
sharpest rise occurring during the
first 15 to 20 sec, after which a
more gradual rise to normal tem-
peratures took place. Figure 13
illustrates the temperature response
of miniature thermo-couple probes
at four different positions to cryo-
applications over the ciliary body
area with a tip temperature of
—12°C.

The experiment was repeated
with the temperature of the appli-
cator tip at —40°C, a temperature
found sufficient in previous animal
experiments for the desired result,
yet causing a minimum of undesir-
able side effects. During this ex-
periment the temperature in the
superficial and deep sclera dropped
to —37° and —32°C, respectively,
while in the ciliary body and ad-
jacent vitreous, temperatures of
—25° to —19°C were recorded.
An even slight movement of the
thermo-couple tip in this area dur-
ing the experiment caused a change
in temperature of several degrees.
This was thought to be due to the
varied character of the ciliary body
structure containing connective and
muscle tissues and a rich vascular
network. In the anterior chamber
angle sub-zero temperatures were
recorded; however, midway be-
tween the pupillary margin and
chamber angle the temperature did
not fall below +5°C. Following re-
moval of the freezing tip, all tem-
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