CRYOEXTRACTION

The Frozen Era of Cataract Surgery
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Background:

For centuries, cataracts were treated with couching; displacing the opaque lens into the vitreous cavity with a needle to clear the visual axis, though the patient

was left aphakic. In 1750, Jacques Daviel extracapsular cataract extraction (ECCE), removing the lens contents whilst preserving the posterior capsule - a major

step toward anatomical restoration. This was succeeded by intracapsular cataract extraction (ICCE), first documented by Samuel Sharpe in 1753, where the entire

lens and capsule was removed en bloc, but with high risks of vitreous loss and retinal detachment. In the 1950s, zonulysis enzymes like alpha chymotrypsin were

introduced to improve ICCE safety. In 1961, Tadeusz Krwawicz developed cryoextraction as a refinement of ICCE, a technique in which the lens was frozen to a

probe and removed with the capsule intact, markedly reducing the risk of mechanical trauma and capsule rupture.

Evolution of Cryoextraction:
1961 - Tadeusz Krwawicz
o Introduced the first cryogenic method, used pencil-shaped, nickel-plated copper probe cooled to -79 °C
by immersing in a dry-ice/alcohol bath.
e Frozen probe adhered to lens capsule and underlying cataract, allowing firm adhesion and smooth
intracapsular extraction.
o Freezing was short-lived and required repeated immersion to re-cool probe.
Early 1960s - Charles D. Kelman
o Refined technique with a liquid nitrogen cryostylet.
o Offered more consistent cooling, improving handling and greater safety.
Mid-1960s - John G. Bellows
e Replaced immersion cooling with a pressurised CO, gas cylinder system, which maintained tip
temperatures of -30 to -40 °C for several minutes.
e Added an integrated 6-volt heating coil for controlled defrosting, improving safety and ocular tissue
release.
1967 - Percy Amoils
e Revolutionised method by applying Joule-Thomson cooling principle, using gas expansion through a fine
orifice for continuous, regulated cooling.
e His cryoprobe featured an automatic electrical defrost system creating the first self-contained,
temperature-regulated cryoprobe and marking the peak of cryoextraction technology.
Complications of Cryoextraction
e Accidental adhesion of cryoprobe to surrounding tissues - iris (7%), suture (2%), cornea (1.5%), vitreous
(0.3%), some resulting in iris defects, iridodialysis, pupil deformity and difficulty in releasing lens.
o Required large pupil and wound to avoid contact injury, however increased risk of induced astigmatism
and slow healing.
o Irreversible corneal oedema due to inadvertent freezing of endothelial cells.

Figure 2. Cryoextractor
(Krwawicz,1961)

Figure 1. Tadeusz Krwawicz
(Medicus - the Monthly
Journal of the Lublin Medical)
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Figure 3. Cryoprobe with coaxial delivery and exhaust

Figure 4. Amoils ACU-12 ophthalmic cryosurgical unit
(Science Museum Group Collection)

Figure 5. Superior wound with corneo-scleral suture. Iris incised at 11 o’clock and 1 o’clock and retracted. Ice-coated ball-end tip of cryoextractor applied to lens at 12 o’clock.

Sharp contraction of capsule during freezing
and rotatory movements causes reduced
resistance ofthe zonule fibres, The cataract is
delivered with a sliding technique.

Superior wound with pre-placement of  Pressureon inferior cornea, inclining superior
corneo-scleral suture. lIris incised at 11 lens towards operative wound. Zonule fibres
o’clock to 1 o’clock and retracted. Ice-coated broken with rotating movements.

ball-end tip of cryoextractor applied to lens at

12 o’clock.

THE O-£591
[SROVED BELLOWS GOz CRYOEXTRACTOR

With some zonule fibres still attached, the
cataract is guided into the operative wound.

The cataract with its capsule intact is
delivered adhering firmly to the cryoextractor.
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Figure 6. Left - Improved Bellows CO: cryoextractor in its stainless-steel case. Right — Pages from the instruction manual showing assembly and preparation for use.
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