SURGICAL TECHNIQUE

A New Lamellar Wound Configuration
for Penetrating Keratoplasty Surgery

Massimo Busin, MD

modified penetrating keratoplasty procedure with a new lamellar configuration of the
surgical wound was performed on 8 eyes with endothelial decompensation. This tech-
nique allows complete suture removal by 3 months postoperatively, substantially short-
ening the time necessary for visual rehabilitation. Refractive astigmatism before and
after suture removal was minimized to 4 diopters or less in all of the eyes in our preliminary series.
Because the anterior surface of the donor button is smaller than the posterior one (diameter, 7.0
mm and 9.0 mm, respectively), more endothelial cells can be transplanted while maintaining
the anterior graft surface at a safe distance from the corneoscleral limbus. Finally, no expensive
instrumentation is required for this procedure except for an artificial anterior chamber if whole
globes are not available. The surgical technique and clinical results are presented in this article.

During the past decades, penetrating kera-
toplasty (PK) surgery has undergone con-
tinuous refinement. Various instruments
have been developed to improve the qual-
ity of trephination in both donor and re-
cipient corneas, and countless suturing
techniques have been used to reduce tis-
sue distortion and minimize postopera-
tive refractive errors.'” Nevertheless, to
date, the basic concept of cutting a donor
disc with a “perfect” margin to fit into a
“perfect” hole has remained the same. This
method produces a vertical, edge-to-
edge PK wound. Regardless of how per-
fectly the donor and recipient cornea fit,
this type of wound requires relatively tight
sutures to hold the edges together until the
healing is sufficient to withstand the effect
of the intraocular pressure; this usually
takes at least 1 year.

Because of this approach, refraction
isnot stable, and astigmatism (often of the
irregular type) cannot be adequately cor-
rected in many patients as long as the su-
tures are present.' In addition, when the
sutures are removed, substantial changes
in refraction are frequently seen, possi-
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bly resulting in anisometropia and/or high-
degree astigmatism.'*** Finally, wound de-
hiscence occurs after suture removal in up
to 4% of cases, even if this is done more
than 1 year after surgery.'>'®

Inrecentyears, different types of lamel-
lar keratoplasty (LK) procedures have gained
popularity among corneal surgeons inan at-
tempt to transplant selected layers of the cor-
nea, speeding wound healing while optimiz-
ing postoperative refraction.'** With these
methodsa horizontal, surface-to-surface sur-
gical wound results, and the intraocular pres-
sure tends to make the layers adhere to each
otherrather than gape. Tight suturing isnot
necessary, and removal can safely be per-
formed much earlier than after conventional
PK surgery. However, the presence of a la-
mellar tissue interface may reduce the qual-
ity of vision after LK compared with that ob-
tained following PK surgery.

To combine the optical superiority of
PK with the wound-healing advantages of
LK, the standard PK technique was modi-
fied by using a full-thickness donor graft in
conjunction with a peripheral lamellar
wound configuration (Figure 1). The sur-
gical technique and the results obtained in
8 eyes of 8 patients with endothelial de-
compensation are presented in this article.
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Figure 1. Schematic representation of the cornea after a nut-and-bolt keratoplasty procedure. Both in the cross section (A) and the frontal view (B), the annular
area of lamellar healing is outlined between the recipient corneal bed (outside) and the full-thickness part of the graft (inside).

Table 1. Preoperative Data Collected From Patients Undergoing Modified Penetrating Keratoplasty Surgery

Patient No. 1 2 3 4 5 6 7 8
Age,y 68 81 94 63 77 78 72 84
Sex M M F [F M F E F
Preoperative diagnosis PBK PBK PBK Fuchs dystrophy PBK PBK PBK ABK
Preoperative visual acuity* HM HM CF HM HM CF CF HM

Abbreviations: ABK, aphakic bullous keratopathy; CF, counting fingers; HM, hand motions; PBK, pseudophakic bullous keratopathy.

*Not improvable because of corneal edema.

— T

The use of a modified PK procedure in
8 consecutive patients with endothelial
decompensation (aphakic bullous kera-
topathy, n=1; pseudophakic bullous
keratopathy, n=6; and Fuchs endothe-
lial corneal dystrophy, n=1) is re-
ported. All procedures were performed
by the same surgeon (M.B.) between Sep-
tember and November 2001, and the re-
sults were evaluated in a prospective
study, described as follows.

Preoperatively, the medical history
of each patient was recorded, and a com-
plete eye examination was performed in-
cluding visual acuity testing, slitlamp ex-
amination, retinoscopy, and B-scan
ultrasonography when necessary (n=2).
Details regarding preoperative data are
given in Table 1. Postoperatively, pa-
tients were seen twice a week until reepi-
thelialization was completed, which oc-
curred within 2 weeks of surgery in all
cases. Uncorrected visual acuity was mea-
sured every week postoperatively. One
month after surgery, patients underwent
refraction, and uncorrected and best spec-
tacle-corrected visual acuity were deter-
mined. In addition, keratometry and
corneal topography analysis were ob-
tained. Monthly examinations were per-
formed thereafter. Sutures were re-
moved 3 months after surgery in all cases.
Each patient underwent a repeated com-
plete eye examination 1 month after su-
ture removal.

Surgical Technique

A detailed consent form was signed by
all 8 patients undergoing surgery. All pa-
tients were sedated with 3 mL of intra-
venous droperidol immediately prior to
anesthetic injection. Local anesthesia was
administered with a peribulbar injec-
tion of a mixture of 2% lidocaine and
0.5% bupivacaine hydrochloride.

The donor button was mounted on
an artificial anterior chamber (Moria, Paris,
France) after a viscoelastic substance was
placed on the endothelium. The geomet-
ric center of the cornea was marked, and
a7.0-mm Barron suction trephine was used
tomake a circular, 0.3-mm-deep incision
(Figure 2A). A lamellar stromal dissec-
tion was carried out with a bevel-up knife
from the base of the incision all the way
to the limbus (Figure 2B). Then the cor-
nea was removed from the artificial ante-
rior chamber and placed on the plate of a
Barron suction punch with the endothe-
lial side up, taking care to align the mark
of the geometric center with the central
hole of the punch. A 9.0-mm donor but-
ton was punched out (Figure 2C). The pre-
vious lamellar dissection allowed a super-
ficial annular stromal lamella, 0.3 mm in
thickness, to be removed in the area be-
tween 7.0 and 9.0 mm in diameter (Fig-
ure 2D). The donor button obtained this
way consisted of a central, full-thickness
part, 7.0 mm in diameter, surrounded by
aperipheral lamellar wing of deep stroma
and endothelium thatwas 1.0 mmin width

(Figure 2E). A McNeill-Goldman ring*!
was used to fixate the globe. The recipi-
ent bed was prepared to closely conform
to the shape of the donor button. A 7.0-
mm Barron suction trephine was used to
cut a circular incision 0.3 mm in depth
(Figure 3A). A lamellar stromal dissec-
tion was carried out with a bevel-up knife
from the base of the incision about 1 mm
peripherally (Figure 3B). The anterior
chamber was then entered, and corneal
scissors were used to complete the exci-
sion of the corneal button at the periph-
eral end of the posterior lamellar stromal
dissection (Figure 3C). The donor button
was positioned by sliding the peripheral
wing under the 1.0-mm-wide superficial
stromal lip of the recipient bed. Four 10-0
nylon cardinal sutures were put in place.
Each suture exited the donor button at the
base of the wing and was then passed
through the superficial recipient lamellae
at the end of the dissection. This way, the
wing was left free to adhere to the poste-
rior surface of the dissected recipient cor-
nea, an effect of the intraocular pressure.
Contrary to what s typically observed with
conventional PK surgery, the injection of
balanced salt solution into the anterior
chamber showed that the surgical wound
was already completely watertight (Fig-
ure 3D). The procedure was completed
with a single 10-0 nylon running suture,
each bite of which was passed in a fash-
ion similar to that previously described for
the cardinal sutures. Finally, the cardinal
sutures were removed (Figure 3E). Addi-
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Figure 2. Preparation of the donor button. A, Partial trephination of the donor cornea mounted on the artificial chamber. B, Lamellar dissection from the base of
the incision all the way to the limbus. C, Donor button, 9.0 mm in diameter, with the endothelial side up. D, Superficial annular stromal lamella, 0.3 mm in
thickness, removed from the donor button in the area between 7.0 and 9.0 mm of diameter. E, Donor button consisting of a central, full-thickness part, 7.0 mm in
diameter, surrounded by a peripheral lamellar wing of deep stroma and endothelium, 1.0 mm in width.

tional procedures performed in combina-
tion with PK surgery in this series included
anterior vitrectomy (n=4),anterior vitrec-
tomy combined with the exchange of the
intraocular lens implant (n=1), anterior
vitrectomy combined with intraocular lens
implantation (n=1), and pupilloplasty
(n=1). After surgery the patients under-
went pressure patching overnight. Begin-
ning the next morning, 0.1% dexameth-
asone sodium phosphate and gentamicin
sulfate antibiotic eyedrops were adminis-
tered every 2 hours and tapered for 10
weeks.

— T

Surgery was uneventful in all pa-
tients. All corneas gradually cleared

with time, and reepithelialization was
completed within 2 weeks of sur-
gery. Data recorded preoperatively,
1 month after surgery, and 1 month
after suture removal are summa-
rized in Tables 1 to 3. The 10-0 ny-
lon running suture was removed 3
months after surgery in all patients
(Figure 4). As early as 1 month af-
ter surgery (Table 2), an uncor-
rected visual acuity of at least 20/
200 in the affected eye was recorded
in all but 1 patient (patient 4 in the
tables), who had high-degree myo-
pia. Best spectacle-corrected visual
acuity ranged between 20/100 and 20/
40. One month after suture removal
(Table 3), both uncorrected and

spectacle best-corrected visual acu-
ity further improved, and 6 of 8 pa-
tients could see 20/60 or better with
spectacle correction. Reasons for best-
corrected vision worse than 20/60
were macular myopic degeneration
(patient 4) and cystoid macular
edema (patient 8). One month after
surgery (Table 2), the refractive
spherical equivalent ranged from
+0.75 diopters (D) to -8.5 D. Mean
keratometric readings ranged from
40.5 D to 44.5 D. The refractive astig-
matic error was 4 D or less in all
cases. Computerized analysis of cor-
neal topography showed regular
morphologic characteristics of the
astigmatism in all patients at all
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Figure 3. Main surgical steps of the nut-and-bolt keratoplasty procedure. A, Partial trephination of the recipient bed, 7.0 mm in diameter (same as for the donor
cornea) and 0.3 mm in depth. B, Lamellar stromal dissection carried out from the base of the incision about 1 mm peripherally. C, Excision of the corneal
button using corneal scissors at the peripheral end of the posterior lamellar stromal dissection. D, Injection of balanced salt solution into the anterior chamber
shows that the surgical wound is perfectly watertight with just 4 cardinal sutures in place. E, A single running 10-0 nylon suture is used to complete

the procedure.

examination times (Figure 5). Sur-
prisingly, suture removal did not sub-
stantially affect refraction in any pa-
tient (Table 3). Again, refractive
astigmatism was 4 D or less in all
cases. Notably, the preoperative spec-
tacle cylinder in patient 4 was 4 D.

— T

Despite the excellent prognosis of
PK, visual rehabilitation of patients
undergoing this procedure is slow
and frequently hampered by high-
degree astigmatism, often of the
irregular type.' Factors including
host-graft disparity, trephination tech-
nique, and suturing technique are be-
lieved to affect the regularity of graft

curvature. In addition, even if all other
variables could theoretically be opti-
mized, recovery of vision can be de-
layed by corneal distortion second-
ary to the presence of sutures; some
degree of tension-induced tissue roll-
ing is necessary to obtain a water-
tight wound. Healing of these verti-
cal, edge-to-edge corneal wounds
requires a minimum of 6 months and
typically 1 year in adults. In a rela-
tively high number of patients, stable
vision is not achieved until many
months after PK surgery, often fol-
lowing suture removal.''*

Lamellar keratoplasty has been
proposed in different forms as an al-
ternative surgical treatment for vari-
ous corneal diseases. Compared with

PK, LK offers the substantial advan-
tage of creating a horizontal, surface-
to-surface type of surgical wound. In-
traocular pressure helps the surfaces
adhere to one another, so the sutures
require minimal tension and may be
removed 2 to 4 months after surgery.
Todate, however, most of these meth-
ods have not gained popularity, mainly
because of the lower postoperative op-
tical quality of the cornea. The use of
the microkeratome to perform lamel-
lar dissections in laser-assisted in situ
keratomileusis has shown that LK can
result in postoperative visual acuity
of 20/20. We recently published the
initial results of endokeratoplasty, a
posterior LK procedure aimed at trans-
planting the posterior stroma and en-
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dothelium in decompensated cor-
neas.” Although these results are
promising, some concern remains for
the sudden considerable decrease in
intraocular pressure (from more than
60 mm Hg when using the microkera-
tome to 0 mm Hg after the anterior
chamber is entered) during the pro-
cedure, as well as the relatively lim-
ited amount of transplanted endo-
thelium (the donor button does not
exceed 7.0 mm in diameter). In addi-
tion, the need for special instrumen-
tation noticeably increases the cost of
surgery, and notall surgeons have ac-
cess to a microkeratome.

The surgical technique de-
scribed in this article is designed to
combine the advantages of PK and
LK techniques. For this reason, 2 dis-
tinct components are assembled in
the donor button, which is shaped
like a “reversed mushroom.” The
central, full-thickness part, 7.0 mm
in diameter, maintains the optical ad-
vantages of grafts used for conven-
tional PK surgery while remaining
confined within a safe distance from
the corneoscleral limbus. The pe-
ripheral wing of deep stroma and en-
dothelium, 1 mm in width, creates
an annular area of lamellar healing

Figure 4. Clinical picture of patient 4 in this series, 1 day after suture removal. The graft is crystal clear in
its full-thickness part, surrounded by the hazier annular area of lamellar healing.

around the full-thickness compo-
nent. Because both the donor and re-
cipient corneas undergo dissection
by hand, the healing process is simi-
lar to that in clear-cornea cataract
surgery except that the wound is ex-
tended for 360° instead of being lim-
ited to the area of the tunnel. In this
procedure, sutures merely prevent
the donor button from sliding out of
position. They need not be as tight
as when they seal the surgical wound
because the intraocular pressure
tends to push the healing surfaces
together. Our series demonstrated
that with this method, it is possible
to have a full-thickness graft com-
pletely free of sutures as early as 3
months after surgery, thus signifi-
cantly shortening the time neces-
sary for visual rehabilitation.

The degree of astigmatism re-
corded both before and after suture
removal was low in almost all pa-
tients; the only patient with a rela-
tively high value (4 D) had a similar
preoperative spectacle correction.
Corneal topography (Figure 5) con-
firmed this data and further sup-
ports the favorable comparison with
conventional PK surgery.The nut-
and-bolt type of fitting obtained be-
tween the donor and recipient cor-
neas with our PK modification, as
well as the consequent relative lax-
ity of the suturing technique used,
may be the main reasons for this find-
ing. However, this wound construc-
tion is only one of many possible
techniques based on the nut-and-

Table 2. Data Collected 1 Month Postoperatively From Patients Undergoing Modified Penetrating Keratoplasty Surgery

Patient No. 1
UCVA 20/200
BCVA 20/60
Spherical equivalent, D -1.75
Refractive astigmatism, D 2.25
Mean keratometry reading, D 445

2 3 4
20/100 20/60 HM
20/60 20/40 20/200

-1.25 -0.5 -8.5

1.5 1.0 4.0

43.0 425 40.5

5
20/100
20/60

-1.5

3.0

41.25

6 7 8
20/60 20/50 20/200
20/50 20/40 20/100
+0.75 -0.5 -1.0

2.0 1.0 2.75
41.0 42.75 42.5

Abbreviations: BCVA, best-corrected visual acuity; D, diopters; HM, hand motions; UCVA, uncorrected visual acuity.

Table 3. Data Collected 1 Month After Suture Removal From Patients Undergoing Modified Penetrating Keratoplasty Surgery

Patient No. 1
UCVA 20/100
BCVA 20/60
Spherical equivalent, D -2.25
Refractive astigmatism, D 25
Mean keratometry reading, D 44.75

2 3 4
20/200 20/50 HM
20/60 20/40 20/200

-1.5 -0.5 -7.5

1.75 0.75 4.0

43.0 43.0 40.5

5
20/100
20/40

-1.75

3.0

42.0

6 7 8
20/60 20/50 20/100
20/30 20/25 20/100
+1.0 -1.0 -1.0

i 1.0 2.25
41.0 43.0 42.5

Abbreviations: BCVA, best-corrected visual acuity; D, diopters; HM, hand motions; UCVA, uncorrected visual acuity.
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Figure 5. Computerized analysis of the corneal topography of patient 6 in this series, performed 1 month
after suture removal, shows the presence of a low-degree, regular astigmatism.

bolt principle. The diameters of both
the full-thickness component and
peripheral wing could be varied to
achieve different purposes. The former
could be cut smaller to reduce the
possibility of immunologic rejection
through contact with peripheral cor-
neal neovascularization, whereas the
latter could be made larger to increase
the amount of endothelial cells trans-
planted. Patients undergoing the pro-
cedure described in thisarticle received
more of the donor endothelium (sur-
face diameter, 9.0 mm) than patients
who receive the conventional PK tech-
nique usually do (surface diameter,
7.5-8.5mm). In contrast, smaller grafts
may be used in patients with kerato-
conus (as little as 5.5 mm for the an-
terior surface and 7.5 mm for the pos-
terior surface) to leave the reservoir
of endothelial cells in the recipient pe-
ripheral cornea as large as possible.
Also, the dimensional relationship
between the 2 components could be
modified: a smaller central part with
alarger wing could be fitted with even
looser sutures or perhaps stabilized
with the use of biologic glue, achiev-
ing a sutureless PK. Finally, discrep-
ancies between trephination of the
donor button and recipient bed may
further improve the results compared
with those obtained with the present
technique. The diameter of the full-
thickness part of the donor button,
for example, could be slightly smaller
than the trephination of the recipient
bed; the surgical wound would still be
watertight owing to the internal tam-

ponade of the peripheral wing, and
scar tissue would fill up the small
space between the donor and recipi-
ent corneas, thus preventing graft
distortion.

In conclusion, our preliminary
data show that a lamellar wound con-
struction based on the nut-and-bolt
concept may optimize postkerato-
plasty refractive error while substan-
tially speeding up visual recovery. To
fit specific indications, the amount of
endothelium transplanted can be var-
ied by changing the diameter of the
posterior surface of the donor but-
ton. No expensive or particular in-
strumentation is needed if whole
globes are available, and a relatively
inexpensive artificial anterior cham-
ber may be used with excised cor-
neas. Although postoperative fol-
low-up of these patients was relatively
short, the data were obtained 1 month
after suture removal; no substantial
changes in refraction are usually seen
after this point with conventional PK
surgery. Despite the limited num-
ber of patients, the preliminary data
suggest that this technique holds
great promise. However, the initial
positive results obtained in this se-
ries require confirmation in a much
larger population with a follow-up
period of several years.
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