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the “spasm reactor” in your practice
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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
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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.



H. WIESINGER

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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H. WIESINGER

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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PAINFUL LEG MASS IN A 23-YEAR-OLD MALE

On the basis of location, size,
and shape of the lesion and the age
of the patient, adamantinoma, non-
ossifying fibromia, chondromyxoid
fibroma, chondroblastoma, and en-
chondroma can be eliminated.

The well-developed, folded peri-
osteal new bone and well-defined
junction of tumor and normal shaft
eliminate as possibilities such highly
aggressive destructive lesions as os-
teolytic osteosarcoma, Ewing’s sar-
coma, and reticulum cell sarcoma.
The remaining possible primary le-
sions to be considered are then
myeloma, fibrosarcoma, aneurysmal
bone cyst, and giant cell tumor of
bone.

In the excellent monograph by
Dahlin and co-workers (Dahlin,
Ghormley, and Pugh, 1956) in
which they reviewed 2,276 cases of
bone tumors, none of 140 mye-
lomas presenting as solitary lesions
occurred in the fibula. Only two
occurred in the third decade of
life; most were in the fifth to
seventh decades.

Fibrosarcoma, a tumor of young
to middle-aged adults, with a 2:1
ratio of male to female incidence,
frequently involves the end of a
long bone. Its usual aggressiveness
does not allow the highly devel-
oped periosteal response encount-

TABLE 1

Matrix Characteristics of Some
Primary Bone Tumors

No matrix calcification or ossifica-
tion:

Ewings

Reticulum cell

Giant cell

Myeloma

May have no matrix calcification
or ossification:

Osteolytic osteosarcoma
Enchondroma

Chondroblastoma

Chondromyxoid fibroma
Non-ossifying fibroma
Fibrosarcoma

Aneurysmal bone cyst
Adamantinoma

ered here; however, such an appear-
ance may occur if this tumor grows
slowly. It is relatively uncommon,
encountered only one-third as often
as giant cell tumor.

Aneurysmal bone cyst is only
one-half as common as giant cell
tumor. Sixty-six percent occur un-
der age 20. The periosteal calcific
shell tends to be very thin, and uni-
formly ballooned over the lesion.
This lesion tends to show tumor
matrix calcifications or ossification,
which our lesion does not do.

The single remaining lesion to be
considered is giant cell tumor of
bone. Ninety percent of these tu-
mors occur from age 20 on, and
most between ages 20 and 35. It is
classically an expansile, destructive
tumor originating in the metaphy-
seal end of a long bone after epi-
physeal closure, which respects the
barrier of joint cartilage, and which
elicits no sclerotic response of the

£

adjacent spongy bone. The perios-
teal response is varied, depending
on the rate of growth of the tumor.
When various portions of the tumor
grow at different rates, the perios-
teal new bone assumes a folded or
wrinkled appearance giving a “soap
bubble” appearance. No primary
matrix calcification or ossification
is seen on radiographs of giant cell
tumors. No adjacent soft tissue in-
flammatory host response is elicited
by giant cell tumors.

By correlation of the roentgeno-
graphic findings of size, location,
shape, matrix appearance, and host
response with the history and phys-
ical findings, the most likely diag-
nosis is giant cell tumor of bone,

Ward Diagnosis

Aneurysmal bone cyst
or ? Osteogenic sarcoma
or ? Giant cell tumor

Fig. 2—Most of the tumor was composed of large, multinucleated giant cells
against a background of spindly stromal cells (a). Typical giant cells were
fewer, and mitoses more frequent in the more aggressive areas (b).
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Contributors

Edward N. Brandt, Jr. (4pplications of Computers to Medicine and The Future Effect of the Computer and the Research
Scientist on Medical Practice) was the Stoneburner Lecturer at MCV in 1966. He received a Master’s degree in math-
ematics from Oklahoma State University and B.S., M.D., and Ph.D. degrees from the University of Oklahoma, where he
has taught in the departments of internal medicine, preventive medicine (biomathematics) and civil engineering since
1961. Dr. Brandt is director of the Computer Operations and Biostatistical Unit at the university’s Medical Center and
consultant for the Oklahoma Medical Research Foundation and the Upjohn Company.

Jay Goldman (Effect of Computers on Patient Care) is professor of industrial engineering at North Carolina State Univer-
sity and research associate in hospital administration at the University of North Carolina School of Medicine. After
graduating from Duke University, he obtained a Master’s degree from Michigan State University, and a D.Sc. in in-
dustrial engineering from Washington University. His long teaching and working experience in engineering has more
recently been coupled with an interest in improving patient care.

Harold I. Nemuth (Medical Manpower : The Medical Auxiliary), a native of Norfolk, Virginia, received his B.A. degree
from Columbia University and his medical degree from MCV. He took his hosptial training in New York and Richmond,
after which he served in the U. S. Navy. From 1959 through 1962, Dr. Nemuth was acting chairman of the department
of preventive medicine at MCV, where he is now associate professor.

Herbert Wiesinger (Cryocautery and Aqueous Humor Dynamics) is a graduate of the University of Vienna Medical
School, class of 1950. He took his postgraduate training at the University Eye Clinic in Vienna and the Institute of
Ophthalmology, Columbia University, New York City. He has been teaching in the department of ophthalmology at
MCYV since 1954, having been associate professor of ophthalmology since 1958.
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“...Yeah, until he tried to lift me.
- It sure put his back out of whack.
~~  His doctor’s got areal job to do
. —trying to ease both
the pain and the strain.”
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LIBRIUM
(chlordiazepoxideHCI)

=5 =]

g

VWHEN ANXIETY

IS A SIGNIFICANT
COMPONENT OF THE
CLINICAL PROFILE

Before prescribing, please consult complete product information, a summary of which follows:
Contraindications: Patients with known hypersensitivity to the drug.

Warnings: Caution patients about possible combined effects with alcohol and other CNS depressants.
Warn against hazardous occupations requiring complete mental alertness. Use caution in administer-
ing to addiction-prone patients or those who might increase dosage; withdrawal symptoms (including
convulsions), following discontinuation of the drug and similar to those seen with barbiturates, have
been reported. Use of any drug in pregnancy, lactation, or in women of child-bearing age requires that
its potential benefits be weighed against its possible hazards.

Precautions: In elderly and debilitated and in children over five, limit dosage to smallest effective
amount, increasing gradually as needed and tolerated. In general, concomitant use with other psycho-
tropics is not recommended. Paradoxical reactions have been reported in psychiatric patients and
hyperactive aggressive children. Variable effects on blood coagulation have been reported very rarely
in patients receiving the drug and oral anticoagulants; causal relationship has not been established
clinically. Observe usual precautions in presence of impaired renal or hepatic function, impending
depression and suicidal tendencies.

Adverse reactions: Drowsiness, ataxia and confusion may occur, especially in elderly and debilitated.
These are reversible in most instances by proper dosage adjustment, but are also occasionally ob-
served at the lower dosage ranges. Syncope occurs rarely. Also encountered are isolated instances of
skin eruptions, edema, minor menstrual irregularities, nausea and constipation, extrapyramidal symp-
toms, increased and decreased libido—all infrequent and generally controlled with dosage reduction;
changes in EEG patterns (low-voltage fast activity) may appear during and after treatment; blood
dyscrasias (including agranulocytosis, jaundice and hepatic dysfunction) may develop occasionally,
making periodic blood counts and liver-function tests advisable during protracted therapy. Individual
maintenance dosages should be determined.

Dosage: Oral —Adults: Mild to moderate anxiety and tension, 5 or 10 mg t.i.d. or q.i.d.; severe states,
20 or 25 mg t.i.d. or q.i.d. Geriatric patients: 5 mg b.i.d. to q.i.d.

Supplied: Capsules, 5 mg, 10 mg and 25 mg—bottles of 50.
Roche Laboratories ¢ Djvision of Hoffmann - La Roche Inc « Nutley, N.J. 07110
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