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Purpose:

 

To better understand the corneal responses to holmium YAG (Ho:YAG) laser ir-
radiation, we used immunofluorescent microscopy to examine changes in the localization of
the extracellular matrix components, which play important roles in the maintenance of cor-
neal morphology and functions.

 

Methods:

 

Rats were irradiated with a Ho:YAG laser. On days 1, 3, and 7 after irradiation,
the eyes were enucleated and frozen. Cryosections were made with a cryostat and were
stained with antibodies against type I collagen, fibronectin, type IV collagen, or laminin for
immunohistochemical study.

 

Results:

 

One day after Ho:YAG laser irradiation, contraction of the stromal collagen fibrils
was observed. Keratocytes could not be observed at the irradiated stromal region on day 1
after irradiation. One week later, however, keratocytes returned to the irradiated area. Al-
though the stromal collagen fibrils had contracted, they were stained by an antibody against
type I collagen. Dense fluorescence for fibronectin was observed at the margin of the stromal
acellular zone. Both laminin and type IV collagen were observed at the basement membrane
under the corneal epithelium, regardless of whether or not the corneas had been irradiated.

 

Conclusion:

 

These results suggest that Ho:YAG laser irradiation might be useful for the col-
lagen contraction of stroma, without causing serious damage to the corneal epithelium and
the basement membrane.
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Introduction

 

Recently, refractive surgery has been used in an
attempt to correct refractive errors in the transpar-
ent cornea. Radial keratotomy (RK), in which cor-
neal tension is changed by incision, and photorefrac-
tive keratectomy (PRK), in which the corneal shape
is trimmed by an excimer laser, are widely per-
formed. The numerous reports of the clinical out-
comes of these types of surgery indicate that they are
efficacious but have limitations.

 

1–3

 

For many years, thermokeratoplasty—using ther-

mal coagulation to shrink stromal collagen—has
been used to try to change the shape of the cornea.

 

4,5

 

Initially, this surgery, employing a thermal probe,
was used to treat keratoconus.

 

6,7

 

 Later it was used
for hyperopic correction.

 

8

 

 Thermokeratoplasty did
not become popular because of the complications re-
sulting from the surgery, such as refractive regres-
sion, corneal astigmatism, and delayed epithelial
wound healing.

 

9,10

 

 Since the late 1980s, keratoplasty
has been performed using lasers instead of a thermal
probe to correct hyperopia. Recently, thermal energy
from holmium YAG (Ho:YAG) laser has been used to
correct hyperopia, and clinical studies of this surgical
method have been performed in the United States.

 

11–13

 

In refractive surgery, it is extremely important to
be able to predict postsurgical correction. Postsurgi-
cal correction is thought to depend on the biological
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response of the cornea to surgical invasion and the
corneal wound-healing response after refractive sur-
gery. Therefore, to obtain a good surgical outcome,
it is essential to understand the biological response
of the cornea to each individual surgical technique.
Of particular importance are the extracellular matrix
components in the cornea, which not only support
the connective tissue, but also regulate cellular func-
tions such as cellular movement, proliferation, and dif-
ferentiation. Extracellular matrix components play im-
portant roles in the maintenance of normal corneal
structure and of the biological responses to surgical in-
vasion during the corneal wound healing process.

 

14,15

 

 In
the present study, to better understand corneal wound
healing responses to Ho:YAG laser irradiation, we
used an immunofluorescence technique to investigate
the histological changes and localization of extracellu-
lar matrix components in irradiated rat corneas.

 

Materials and Methods

 

Ho:YAG Laser Irradiation in Rat Cornea

 

Thirteen male Wistar Kyoto rats (Seiwa Animal
Research, Fukuoka), weighing 300–400 g, were used.
Rats were anesthetized by intraperitoneal injection
of sodium pentobarbital (30 mg/kg, Nembutal®,
Dainippon Pharmaceutical, Osaka). In 10 rats, both
eyes were irradiated at 6–9 spots/cornea using Ho:YAG
laser (Sunrise Technologies, Fremont, CA, USA). The
irradiation conditions were 2.1 

 

m

 

m wavelength, 250 mil-
liseconds, 5 Hz PRF, 10 pulse/spot, 9 J/cm

 

2

 

. The 3 rats
used as controls were not treated. After Ho:YAG laser
irradiation, no medical treatment, such as antibiotic
eyedrops were given, but no serious corneal disorders,
such as infection and ulceration, were observed.

Care and treatment of animals conformed to the
ARVO Statement for the Use of Animals in Oph-
thalmic and Vision Research.

 

Histological and Immunohistochemical 
Examinations

 

Rats were euthanized by intraperitoneal injection
of sodium pentobarbital at 1 day (3 rats), 3 days (4
rats), or 1 week (3 rats) after Ho:YAG laser irradiation.
The eyes were enucleated, and the right eyes were im-
mediately embedded in OCT compound (Miles,
Elkhart, IN, USA) and frozen in acetone dry ice. Sec-
tions 6–8 

 

m

 

m thick were cut from each eye with a micro-
tome cryostat (HM 505N; Zeiss, Oberkochen, Ger-
many); each section was mounted on a glass slide. The
specimens were then incubated with 1% bovine se-
rum albumin fraction-V (BSA; Nacalai tesque, Ky-
oto) in phosphate-buffered saline (PBS) for 1 hour

at room temperature to block nonspecific binding.
Sections were then incubated for 1 hour at room
temperature in a moist chamber with one of the
following primary antisera (LSL, Tokyo): rabbit anti-
human and goat type I collagen diluted 1:300; rabbit
anti-bovine type IV collagen diluted 1:300; rabbit anti-
human fibronectin diluted 1:2,000; or rabbit anti-
mouse laminin diluted 1:1,000 with 1% BSA in PBS.
For control staining, rabbit normal serum (Organon
Teknika, Aurora, OH, USA) at 1:300 with 1% BSA
in PBS was used in place of the corresponding pri-
mary antiserum. The specimens were rinsed with
PBS four times, 5 minutes per rinse, and then fluo-
rescein-isothiocyanate-labeled goat anti-rabbit IgG
(Organon) diluted 1:500 with 1% BSA in PBS was
applied as a secondary antibody; the specimens were
incubated for 1 hour at room temperature in a moist
chamber. They were again rinsed with PBS four
times for 5 minutes each rinse, and were mounted in a
1:2 glycerin:PBS solution. Sections were observed
with an epifluorescence microscope (Axioskop 50;
Zeiss), and photographed with Fujichrome Provia 400
reversal film (ISO 400; Fuji Film, Tokyo). Only faint
background fluorescence was observed in specimens
that underwent control staining.

The left eyes were fixed with cetylpyridinium chlo-
ride-formalin and embedded in paraffin. Sections 4-

 

m

 

m
thick were cut from each eye with a sliding microtome
(Histoslide 2000; Leica, St. Gallen, Switzerland) and
stained with hematoxilin-eosin. Sections were observed
with a light microscope (Axioskop 50), and photo-
graphed with Fujichrome Provia 100 reversal film
(ISO 100; Fuji Film).

 

Results

 

Histological Examination
(Hematoxilin-Eosin Staining)

 

One day after Ho:YAG laser irradiation, some
differences were observed in the corneal epithelia of
the 3 eyes enucleated. After the irradiation, edema
and bulla formations in the intercellular spaces of
the epithelium and the hyperplastic epithelium were
observed in the irradiated area of one of the eyes.
However, in the other 2 eyes, no abnormalities were
observed in the irradiated area of the cornea, and
the structure was similar to that of a normal rat cor-
nea (Figure 1A). In the corneal stroma, the space be-
tween the collagen lamella had increased, and the
regular continuous layer structure of the collagen
fibrils had disappeared in all 3 eyes. These observa-
tions suggest that thermal coagulation had con-
tracted the corneal stroma in all layers. In addition,
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in 2 of the 3 eyes, keratocytes had disappeared from
the irradiated area, and an acellular zone was ob-
served (Figure 1B). In the third eye, a few kerato-
cytes were observed at the irradiated area. The ret-
rocorneal membrane could be observed in all 3 eyes.

At 3 days after surgery, in 1 of the 4 eyes enucle-
ated, bulla formations in the intercellular spaces of
the epithelium and the hyperplastic epithelium were
observed in the irradiated area, as they had been at 1
day after surgery. However, no abnormalities were
observed in the other 3 eyes. In all irradiated eyes,
the stroma had contracted at the irradiated area, and
many keratocytes were observed at the acellular zone
at 1 day after surgery (Figure 1C). The retrocorneal
membrane could be observed in 2 of the 4 eyes.

After 1 week, in all the irradiated eyes, the stroma
had contracted, and many keratocytes were found at
the irradiated area (Figure 1D). The retrocorneal mem-
brane could be observed in 1 of the 3 eyes enucleated.

 

Immunohistochemical Examination

 

We used immunofluorescence techniques to inves-
tigate the chronological changes in the localization of
various extracellular matrix proteins after irradiation.

In the cornea of normal rats, the fluorescence spe-
cific to type I collagen was found in all the layers of the
stroma (Figure 2A). After Ho:YAG laser irradiation,
we observed disruption of collagen fibrils in the stroma,
and the fluorescence specific to type I collagen was
found in all the layers of the stroma. Although staining
was somewhat heavy at the contracted stroma, no obvi-
ous changes were observed in the localization of type I
collagen up to 1 week after irradiation (Figures 2B–D).

The fluorescence specific to fibronectin in the nor-
mal rat cornea was found in the stroma, epithelial
basement membrane and Descemet’s membrane
(Figure 3A). One day after irradiation, immunoreac-
tivity to fibronectin had diminished in the stroma,
and an especially small amount of fluorescence was
observed at the irradiated area (Figure 3B). Three
days after irradiation, immunoreactivity to fibronectin
was found to correspond to the keratocytes at the acel-
lular zone (Figure 3C). At 1 week, localization of fi-
bronectin corresponded to keratocytes at the irradiated
area (Figure 3D). The fluorescence specific to fibronec-
tin was also found in the retrocorneal membrane.

The fluorescence of basement membrane com-
ponents—type IV collagen (Figure 4) and laminin (Fig-
ure 5)—was found in the epithelial basement mem-
brane and Descemet’s membrane in the normal rat
cornea (Figures 4A, 5A), at 1 day (Figures 4B, 5B), at 3
days (Figures 4C, 5C) and at 1 week (Figures 4D, 5D)
after irradiation. No changes in the localization of type
IV collagen and laminin were observed even if the cor-
nea had been irradiated. The fluorescence specific to
type IV collagen and laminin was also found in the ret-
rocorneal membrane.

Figure 1. Histological changes in hematoxylin-eosin
stained specimens of rat cornea after holmium:YAG irra-
diation. Normal cornea (A). At 1 day after irradiation (B),
no corneal disorders were observed at center of irradiated
area. Stromal collagen had contracted in all layers. Kerato-
cytes had disappeared from irradiated area, and acellular
zone had formed. Three days after irradiation (C), con-
traction of stroma was observed, and keratocytes had mi-
grated to acellular zone. One week after irradiation (D),
stroma had contracted, and many keratocytes had mi-
grated to irradiated area. Bar 5 100 mm.
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Discussion

 

In considering the postsurgical outcome of refractive
surgery by Ho:YAG laser irradiation, important prob-
lems include the condition of the stromal collagen in re-
lation to corneal shape and postsurgical complications,
such as delayed wound healing. In the present study, we

investigated the histological and chronological changes
in the localization of the main component of the corneal
stroma, type I collagen; an important factor for wound
healing, fibronectin; and basement membrane compo-
nents related to maintaining a normal structure and
healing wounds, type IV collagen and laminin.

Figure 2. Localization of type I collagen after holmium:YAG
irradiation. In normal cornea, type I collagen was localized
in stroma in all layers (A). After irradiation, collagen
fibrils were disrupted, but immunoreactivity to type I col-
lagen was observed in stroma in all layers. One day (B), 3
days (C), and 1 week (D) after irradiation, we observed no
obvious changes from normal cornea in localization of
type I collagen. Bar 5 100 mm.

Figure 3. Localization of fibronectin after holmium:YAG
irradiation. In normal cornea, immunoreactivity to fi-
bronectin was observed in corneal stroma, epithelial base-
ment membrane, and Descemet’s membrane (A). One day
after irradiation (B), immunoreactivity to fibronectin dis-
appeared at acellular zone in stroma. At 3 days (C) and at
1 week (D) after irradiation, localization of fibronectin
corresponded to migration of keratocytes from surround-
ing area to acellular zone. Bar 5 100 mm.
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It is reported that collagen fibrils in stroma con-
tract by one third after treatment with constant heat.
Thermokeratoplasty changes the shape of the cornea
by heating the stromal collagen fibrils so that they
contract.

 

6,16,17

 

 In the present study, we histologically
confirmed that heat from a Ho:YAG laser contracts
the stroma in rat corneas. These results are in good
agreement with histological changes reported previ-
ously in human and rabbits eyes.

 

18–21

 

 In addition, al-

though type I collagen, the main component of cor-
neal stroma had spread between the lamellar
structures, no corneal abnormalities, such as ulcer-
ation, were observed.

Immediately after corneal injury, keratocytes dis-
appear from the area adjacent to the injury. Later,
keratocytes start to migrate and accumulate into the
acelluar zone. These keratocytes are round in shape
and metabolically active. These activated kerato-

Figure 4. Localization of type IV collagen after hol-
mium:YAG irradiation. Fluorescence specific to type IV
collagen was observed at epithelial basement membrane,
and Descemet’s membrane in normal cornea (A), 1 day
(B), 3 days (C), and 1 week (D) after irradiation. Immu-
noreactivity to type IV collagen could be observed at ret-
rocorneal membrane. Bar 5 100 mm.

Figure 5. Localization of laminin after holmium:YAG irra-
diation. Fluorescence specific to laminin was observed at
epithelial basement membrane and Descement’s membrane
in normal cornea (A), 1 day (B), 3 days (C), and 1 week (D)
after irradiation. Immunoreactivity to laminin could be ob-
served at retrocorneal membrane. Bar 5 100 mm.
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cytes play an important role in the healing process
after injury.

 

15,22,23

 

 In the present study, one day after
Ho:YAG laser irradiation, keratocytes disappeared
from the irradiated area, and an acellular zone was
formed in the stroma. Subsequently, many kerato-
cytes were observed at the irradiated area. These re-
sults suggest that activated keratocytes gradually mi-
grate into the acellular zone, and the wound healing
process actively progresses at the stroma. We believe
that these observations indicate the beginning of
stromal remodeling.

It has been reported that keratocytes disappear
around the injury site as a result of apoptosis and
that an acellular zone develops as an immediate re-
sponse to various kinds of corneal injuries.

 

24–26

 

 In the
present study, we are not certain whether Ho:YAG
laser irradiation or simple heat damage induced
keratocyte apoptosis and formation of an acellular
zone. However, because keratocyte apoptosis is in-
duced only by corneal epithelial stimuli, both mecha-
nisms may be involved in the induction of keratocyte
apoptosis.

Regarding the localization changes in fibronectin
after irradiation, the immunoreactivity of fibronectin
temporarily disappeared from the irradiated stroma,
but strong fluorescent fibronectin was observed in
the area surrounding the acellular zone 3 days after
irradiation. These results suggest that fibronectin
synthesis is stimulated by the migration of kerato-
cytes to the acellular zone. In addition, these results
were in agreement with our previous work, which
examined the localization of fibronectin after heat
coagulation with a thermal tip in rabbit cornea.

 

27

 

Similar changes in localization of fibronectin were
observed after cornea stromal incision.

 

14,28

 

 There-
fore, we believe that fibronectin synthesis by acti-
vated keratocytes is a biological response to stromal
injury.

However, irradiation did not affect the localiza-
tion of the basement membrane components, type
IV collagen and laminin, and no obvious changes
were observed when compared with the normal rat
cornea. As we used Ho:YAG laser equipment with a
slit-lamp delivery system in this study, the heat en-
ergy from the irradiation focused on the corneal
stroma but not on the corneal epithelium and the ep-
ithelial basement membrane. This may be why there
was little damage to the basement membrane in this
study. However, Koch

 

21

 

 reported the disappearance
of the basement membrane component, type IV col-
lagen; the hemidesmosome component, integrin 

 

b

 

4;
and the anchoring fibril component, type VII col-
lagen, immediately after Ho:YAG laser irradiation

in rabbits. We did not observe corneal epithelial
abrasion caused by our Ho:YAG laser irradiation.
However, Koch

 

21

 

 observed corneal epithelial abra-
sion and reported that it took 3 months to heal, sug-
gesting that the damage by Ho:YAG laser irradia-
tion is similar to that caused by corneal abrasion,
corneal incision, and excimer laser irradiation.
Therefore, some irradiation conditions may induce
damage to the corneal epithelium and the epithelial
basement membrane, and it may take a long time for
the corneal structure to return to normal.

In the present study, we observed the retrocorneal
membrane in corneal endothelium in over half the
rats that underwent Ho:YAG laser irradiation.
Koch

 

21

 

 and Moreira et al

 

18

 

 also observed the retro-
corneal membrane in the corneal endothelium after
irradiation in rabbits. The reason for this phenome-
non is thought to be excess irradiation energy di-
rected at the experimental animals. Because the cor-
neal thickness in experimental animals (rat, about
150–200 

 

m

 

m; rabbit, about 350 

 

m

 

m) is thinner than
that in the human eye, irradiation can damage the
corneal endothelium in animals. In fact, when we ob-
served the rat corneas by slit-lamp examination im-
mediately after irradiation, we found that a large
rectangular area of the cornea was opaque through-
out all the corneal layers,. We did not observe the
wedge-shaped opaque area reported in humans and
large animals (bovine and pig),

 

20,29,30

 

 suggesting that
the heat from the irradiation had spread beyond the
corneal endothelium. We could not irradiate all
eight points of the cornea simultaneously because
the rat cornea is very small, so we focused on each
point individually in this study. One reason for dam-
age to the corneal endothelium may be the difficulty
of focusing on an exact point on the surface of the
rat cornea, because the equipment is designed to ir-
radiate eight points simultaneously. The damage to
the corneal endothelium by Ho:YAG laser irradia-
tion may have been caused by the limitations of the
optical properties of the equipment. Therefore, the
effects of irradiation on the human eye cannot be de-
termined from the results of these rat and rabbit ex-
periments.

As we reported in this paper, heat energy from
Ho:YAG laser irradiation is effective in contracting
the collagen of the stroma without causing serious
damage to the corneal stroma, such as sterile necrosis
and ulceration, which may be caused by other meth-
ods of heat coagulation. This result suggests that this
surgery is safe as reported in clinical studies.

 

13,32–34

 

 In
addition, damage to the corneal epithelium and the
basement membrane is minimal. When refractive sur-
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gery is performed using Ho:YAG laser irradiation,
transient corneal epithelial disorders such as epithelial
edema do occur. Epithelial wound healing is fast,
however, because the epithelial basement membrane
is intact. This could mean that delayed epithelial
wound healing and persistent epithelial defects do not
occur. However, further studies are needed to deter-
mine the relationship between long-term histological
changes and refractive regression.

 

The authors thank Miss Michiyo Suetomi for her secretarial assis-
tance during the preparation of the manuscript.

This paper was originally published in Japanese in 

 

Nippon
Ganka Gakkai Zasshi

 

 (

 

J Jpn Ophthalmol Soc

 

) 103:633–640, 1999.
It appears here in a modified form after peer review and editing for

 

the 

 

Japanese Journal of Ophthalmology.

 

References

 

1. Binder PS. Radial keratotomy and excimer laser photorefrac-
tive keratectomy for the correction of myopia. J Refract Cor-
neal Surg 1994;10:443–64.

2. Waring GO III, Lynn MJ, McDonnell PJ, PERK Study
Group. Results of prospective evaluation of radial keratot-
omy (PERK) study 10 years after surgery. Arch Ophthalmol
1994;112:1298–308.

3. Seiler T, McDonnell PJ. Excimer laser photorefractive kera-
tectomy. Surv Ophthalmol 1995;40:89–118.

4. Lans LJ. Experimentelle Untersuchunger über Entstehung
von Astigmatismus durch nicht-perforirende Corneawunden.
Alberct Von Graefes Arch Ophthalmol 1898;45:117–52.

5. Terrien F. Dystrophie marginale symétrique des deux cornées
avec astigmatisme régulier consécutif et guérison par la cau-
térisation ignée. Arch Ophthalmol 1900;20:12–21.

6. Gasset AR, Shaw EL, Kaufman HE, Itoi M, Sakimoto T, Ishii
Y. Thermokeratoplasty. Trans Am Acad Ophthalmol Oto-
laryngol 1973;77:441–54.

7. Gasset AR, Kaufman HE. Thermokeratoplasty in the treat-
ment of keratoconus. Am J Ophthalmol 1975;79:226–32.

8. Neumann AC, Fyodorov S, Sanders DR. Radial thermo-
keratoplasty for the correction of hyperopia. Refract Corneal
Surg 1990;6:404–12.

9. Aquavella JV, Smith RS, Shaw EL. Alterations in corneal
morphology following thermokeratoplasty. Arch Ophthal-
mol 1976;94:2082–5.

10. Feldman ST, Ellis W, Frucht-Pery J, Chayet A, Brown SI. Re-
gression of effect following radial thermokeratoplasty in hu-
mans. Refract Corneal Surg 1989;5:288–91.

11. Durrie DS, Schumer DJ, Cavanaugh TB. Holmium:YAG la-
ser thermokeratoplasty for hyperopia. J Refract Corneal Surg
1994;10:S277–80.

12. Koch DD, Kohnen T, McDonnell PJ, Menefee RF, Berry MJ.
Hyperopia correction by noncontact holmium:YAG laser
thermal keratoplasty. United States phase IIA clinical study
with a 1-year follow-up. Ophthalmology 1996;103:1525–36.

13. Koch DD, Kohnen T, McDonnell PJ, Menefee R, Berry M.
Hyperopia correction by noncontact holmium:YAG laser
thermal keratoplasty: U.S. phase IIA clinical study with 2-year
follow-up. Ophthalmology 1997;104:1938–47.

14. Murakami J, Nishida T, Otori T. Coordinated appearance of

 

b

 

1 integrins and fibronectin during corneal wound healing. J
Lab Clin Med 1992;120:86–93.

15. Nishida T, Tanaka T. Extracellular matrix and growth factors
in corneal wound healing. Curr Opin Ophthalmol 1996;7:2–11.

16. Stringer H, Parr J. Shrinkage temperature of eye collagen.
Nature 1964;204:1307.

17. Shaw EL, Gasset AR. Thermokeratoplasty (TKP) tempera-
ture profile. Invest Ophthalmol 1974;13:181–86.

18. Moreira H, Campos M, Sawusch MR, McDonnell JM, Sand
B, McDonnell PJ. Holmium laser thermokeratoplasty. Oph-
thalmology 1993;100:752–61.

19. Ren Q, Simon G, Parel J-M. Noncontact laser photothermal
keratoplasty III: histological study in animal eyes. J Refract
Corneal Surg 1994;10:529–39.

20. Smithpeter C, Chan E, Thomsen S, Rylander HG III, Welch
AJ. Corneal photocoagulation with continuous wave and
pulsed holmium: YAG radiation. J Cataract Refract Surg
1995;21:258–67.

21. Koch DD. Histological changes and wound healing response
following noncontact holmium:YAG laser thermal kerato-
plasty. Trans Am Ophthalmol Soc 1996;94:745–802.

22. Binder PS, Wickham MG, Zavala EY, Akers PH. Corneal
anatomy and wound healing. In: Barraquer JI, et al, eds. Sym-
posium on medical and surgical diseases of the cornea. St.
Louis: CV Mosby, 1980;1–35.

23. Nishida T. Biology of corneal stromal keratocytes. In: Kinosh-
ita S, Ohashi Y, eds. Current opininons in the Kyoto cornea
club. Amsterdam: Kugler Publications, 1997;43–9.

24. Gao J, Gelber-Schwalb TA, Addeo JV, Stern ME. Apoptosis
in the rabbit cornea after photorefractive keratectomy. Cor-
nea 1997;16:200–8.

25. Wilson SE. Molecular cell biology for the refractive corneal
surgeon: programmed cell death and wound healing. J Refract
Surg 1997;13:171–5.

26. Helena MC, Baerveldt F, Kim W-J, Wilson SE. Keratocyte
apoptosis after corneal surgery. Invest Ophthalmol Vis Sci
1998;39:276–83.

27. Ohashi Y, Nakagawa S, Nishida T, Suda T, Watanabe K,
Manabe R. Appearance of fibronectin in rabbit cornea after
thermal burn. Jpn J Ophthalmol 1983;27:547–55.

28. Suda T, Nishida T, Ohashi Y, Nakagawa S, Manabe R. Fi-
bronectin appears at the site of corneal stromal wound in rab-
bits. Curr Eye Res 1981;1:553–6.

29. Simon G, Ren Q, Parel JM. Noncontact laser photothermal
keratoplasty. II: Refractive effects and treatment parameters
in cadaver eyes. J Refract Corneal Surg 1994;10:519–28.

30. Asiyo-Vogel MN, Brinkmann R, Notbohm H, et al. Histo-
logic analysis of thermal effects of laser thermokeratoplasty
and corneal ablation using Sirius-red polarization microscopy.
J Cataract Refract Surg 1997;23:515–26.

31. Fogle JA, Kenyon KR, Stark WJ. Damage to epithelial base-
ment membrane by thermokeratoplasty. Am J Ophthalmol
1977;83:392–401.

32. Koch DD, Abarca A, Villarreal R, et al. Hyperopia correction by
noncontact holmium:YAG laser thermal keratoplasty. Clinical
study with two-year follow-up. Ophthalmology 1996;103:731–40.

33. Alió JL, Ismail MM, Artola A, Pérez Santonja JJ. Correction
of hyperopia induced by photorefractive keratectomy using
non-contact Ho:YAG laser thermal keratoplasty. J Refract
Surg 1997;13:13–16.

34. Kohnen T, Koch DD, McDonnell PJ, Menefee RF, Berry
MJ. Noncontact holmium:YAG laser thermal keratoplasty
to correct hyperopia: 18-month follow-up. Ophthalmologica
1997;211:274–82.


