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Purpose: To describe a new keratoplasty procedure using intra-

operative topography to reduce postoperative astigmatism.

Methods: One hundred sixty-five eyes of 150 consecutive patients

were enrolled in this prospective study. The most common diagnosis

was keratoconus (78.8%). As many as 5.5% had post–laser in situ

keratomileusis ectasia. Keratoplasty was performed with the Hanna

Corneal Trephine System. A 24-bite running suture was placed, using

a specially developed marker. Suture adjustment was performed with

the aid of an intraoperative topographer (Keratron Scout; OPTIKON

2000, Rome, Italy). The aim of the adjustment was to obtain an

astigmatism #2.0 D on the operating table. In case of .3.0 D of

astigmatism at 1 month after surgery, suture adjustment was

performed using the same intraoperative topographer.

Results: At 12 months postoperatevely (suture in), data from 108

(64%) eyes were available. The mean refractive astigmatism was 3.53

D, and the mean topographical astigmatism was 4.7 D. At 18 months

(suture out), data from 32 eyes (19.4%) were available, and at

24 months, data from 29 eyes (13.3%) were available. The mean

refractive astigmatism was 3.39 D at 18 months and 3.47 D at

24 months. The mean topographic astigmatism was 2.30 D at 18 months

and 1.76 D at 24 months. Mean best spectacle-corrected visual acuity

(BSCVA) was 0.51 at 3 months, 0.63 at 12 months (suture in), 0.67 at

18 months (suture out), and 0.78 at 24 months postoperatively.

Conclusions: The combination of intraoperative topography and

a 24-bite single running suture resulted in a stable astigmatism

throughout the follow-up period, even after suture removal. BSCVA

reached a 20/40 level as early as 3 months postoperatively and con-

tinued to rise after suture removal. The stability of astigmatism and

BSCVA shortened the postoperative visual rehabilitation time and

provided a high quality of vision early in the postoperative period.
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H igh corneal astigmatism after a successful penetrating
keratoplasty (PK) is a complication that may prevent or

delay a good visual recovery in an eye with a clear graft. Tissue
shape disparity related to trephination of the donor material
and the recipient bed, suturing of the donor cornea to the
recipient bed, and healing process can all induce high and
unforeseeable astigmatism.1

Therefore, many procedures have been adopted by
corneal surgeons to reduce postoperative astigmatism after
corneal graft, mainly optimizing suturing technique and suture
removal.

In 1977, McNeill and Kaufman2 reported the use of
double-running nylon sutures. Removal of 1 continuous
suture, however, was followed by an unpredictable shift in
astigmatism.

In 1982, Stainer et al3,4 made popular the use of a
combination of 8 interrupted 10-0 nylon sutures followed by
an overlay continuous 11-0 nylon suture. This technique, with
selective interrupted suture removal, decreases astigmatism
and improves visual acuity.

In 1989, McNeill and Wessels5 described the use of
1 continuous running suture, which is adjusted in the early
postoperative period and allows redistribution of tension. This
retrospective study showed a significant reduction in cylinder.

In 1995, Serdarevic et al6 showed low astigmatism and
good visual results at 15 months postoperatively after either
intraoperative or postoperative running suture adjustment.
Intraoperative suture adjustment permitted more rapid visual
rehabilitation, increased safety, and increased refractive
stability.

In 1999, McNeill and Aaen concluded that postoperative
adjustment of 1 continuous corneal suture significantly reduces
penetrating keratoplasty astigmatism after suture removal.7

Given the historical evidence that unadjusted corneas
have a worst visual and keratometry outcome,7 we therefore
decided to study postoperative refractive and topographic
astigmatism after topography-guided intraoperative and post-
operative suture adjustment.

MATERIALS AND METHODS
One hundred sixty-five eyes of 150 consecutive patients

that underwent perforating keratoplasty for optical pur-
poses at the Istituto Clinico Humanitas (Milan, Italy) from
September 2001 to July 2004 were enrolled in this prospective,
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nonrandomized, single-center study. Patients with perforated
corneal ulcers, bullous keratopathy without light perception,
and previous graft rejection and decompensation, in which
visual acuity was not measurable, were not enrolled in the
study.

Patients were analyzed for age, sex, preoperative di-
agnosis, and best spectacle-corrected visual acuity (BSCVA).
Trephination size of recipient and donor corneas were
also analyzed. Postoperatively, refraction, BSCVA, simulated
keratometric, and average keratometric readings (CSO EyeTop
topographer; Compagnia Strumenti Oftalmici, Florence, Italy)
were documented at 1, 3, 6, and 12 months (ie, before suture
removal) and at 18 and 24 months (ie, after suture removal).

The Keratron Scout Portable Topography System
mounted on a custom trolley for theater (OPTIKON 2000,
Rome, Italy) has been used to obtain intraoperative corneal
topography soon after 24 running bites suturing PKP aiming
to astigmatism # 2.0 D.

At 1 month after PKP, topography was performed in all
patients. Forty-three eyes (26.1%) showed .3.0 D of
astigmatism and underwent a suture adjustment by means of
Keratron intraoperative topographer. The mean time for this
intervention was 38.6 6 23.0 days postoperatively (range, 15–
90 days).

Corneal higher-order aberrations for a 3-mm pupil were
also measured at 12 months, using the CSO EyeTop corneal
aberrometry program. In addition, the Nidek OPD (optical
path difference) unit (Nidek, Gamagori, Japan) was used
to supply data on topography, wavefront aberrations (total,
corneal, and internal), and pupillometry.

There were 89 men (59.3%) and 61 women (40.7%).
The average age was 41.9 6 14.5 (SD) years, with a range of
16–82 years. There were 85 (51.5%) left eyes and 80 (48.5%)
right eyes. Keratoconus was the most common diagnosis,
being observed in 130 (78.8%) patients. It was followed by
post–laser in situ keratomileusis (LASIK) ectasia, which was
observed in 9 patients (5.5%) and bullous keratopathy in 8
patients (4.8%; Fig. 1).

Recipient cornea trephination diameter ranged from
7.0 to 8.75 mm, with the most common diameters being 7.5
(n = 66; 40%) and 8.0 mm (n = 56; 33.9%; Fig. 1B). Donor
cornea diameter was generally 0.5 mm larger than that of
recipient corneas (n = 130; 78.8%; Fig. 1C).

Mean preoperative BSCVA was 0.24 6 0.15. The worst
visual acuity was counting fingers (CF) (n = 2, 1.2%) and the
best was 0.7 (n = 1, 0.6%).

When data analysis for this report was performed,
29 eyes had a follow-up of 24 months, 32 eyes had a follow-up
of 18 months, 108 eyes had a follow-up of 12 months, 120 eyes
had a follow-up of 6 months, 133 eyes had a follow-up of
3 months, and 148 eyes had a follow-up of 1 month.

The host cornea was marked with a special keratoplasty
marker (Vinciguerra marker; Asico, Hawthorne, CA), which
produces 24 equidistant marks with the aid of gencian violet.
The geometric center of the cornea was measured with calipers
and marked with gencian violet. In cases of keratoconus, the
host cornea was cauterized in a circular fashion, starting 2 mm
from the center and outward, until 2 circles were completed.
This was done to flatten the cornea and improve trephination.

Host cornea trephination was performed with the Hanna
Corneal Trephine System (Moria, Antony, France). Donor
cornea trephination was executed from the endothelium side.
The anterior chamber was entered with the trephine, and the
corneal button was subsequently cut with corneal scissors. A
10-0 nylon suture was used in all patients. First, the 4 cardinal
sutures were placed in position. To ensure graft centration,
special attention was paid to the placement of the second
suture (a displacement of the second cardinal suture by ,5
degrees, causing a 0.1-mm wound disparity, can produce 4 D
of corneal astigmatism).8 A continuous 24-bite single running
suture was placed, with the needle leaving the donor cornea
between Descemet membrane and the endothelium and
entering the host cornea from the endothelial side, traversing
the entire host thickness. The cardinal sutures were then
removed.

At the end of the procedure, the anterior chamber was
filled with sodium hyaluronate 1.2% (IAL 60; Bausch &
Lomb, New York, NY) until a normal intraocular pressure was
obtained. The cornea was lubricated with sodium hyaluronate
0.25% (LaserVis; Chemedica, Munich, Germany), and a to-
pography map was made (with the patient still in supine
position) using an intraoperative topographer (Keratron Scout;
Optikon, Rome, Italy). The suture was adjusted, and the
process was repeated with the aim of obtaining an astigmatism
# 2.0 D.

FIGURE 1. A, Distribution of patients by diagnosis (KC,
keratoconus; LASIK, post-LASIK ectasia; Bullous, bullous
keratopathy; Rejection, previous PK that developed rejection;
Astigmatism, irregular or high astigmatism after PK; Dystrophy,
corneal dystrophy; Pellucide, pellucide marginal degenera-
tion). B, Distribution of patients by recipient cornea trephina-
tion size. C, Distribution of patients by recipient/donor cornea
trephination size difference.
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Postoperative therapy consisted of methylprednisolone
acetate (40 mg) intramuscularly once a week for 4 weeks
and ofloxacin drops 0.3% 4 times a day, and ointment at
bedtime for the first week. From the second to fourth weeks,
tobramycin and dexamethasone drops 4 times a day and
ofloxacine ointment at bedtime were applied. In the second
and third months, fluormetholone was given twice a day.
During the entire postoperative period, artificial tears
(hyaluronic acid, 0.2%) were used.

In cases of .3.0 D of astigmatism at 1 month
postoperatively, suture adjustment was performed under
topical anesthesia. The adjustment was made with the same
intraoperative topographer.

Data were compiled in a Microsoft Excel file, and sta-
tistical analysis was made using Statistica software (Statistica,
Tulsa, OK).

RESULTS
At 1 month postoperatively, data from 148 eyes (89.7%)

were available. The mean BSCVA was 0.27 6 0.16 (range,
0.05–0.85). The mean spherical equivalent (SE) was +0.50 D.
The mean refractive astigmatism was 3.39 6 2.25 D (range,
0.75–10.0 D). The mean topographic astigmatism was 5.13 D.

At 3 months, data from 133 (80.6%) eyes were available.
The mean BSCVA was 0.52 6 0.23 (range, 0.025–1.0). Mean
SE was +0.76 D, and the mean refractive astigmatism was
3.51 6 1.57 D (range, 0.0–8.0 D). The mean topographic
astigmatism was 4.53 D.

At 6 months, data from 120 (72.7%) eyes were available.
The mean BSCVA was 0.60 6 0.25 (range, 0.05–1.0). Mean
SE was +0.24 D, and the mean refractive astigmatism was
3.42 6 2.20 (range, 0.0–11.0 D). The mean topographic
astigmatism was 4.66 D.

At 12 months postoperatively, data from 108 (64.5%)
eyes were available. Thirty-four of them underwent suture
adjustment at 1 month postoperatively. The mean BSCVA was
0.63 6 0.24 (range, 0.1–1.0). Mean SE was +1.27 D, and the
mean refractive astigmatism was 3.53 6 2.32, (range, 0.0–
15.0 D). The mean topographic astigmatism was 4.70 D.

At 18 months, data from 32 (19.4%) eyes (all sutures
out) were available. Thirteen of them underwent suture
adjustment at 1 month postoperatively. The mean BSCVA was
0.67 6 0.16 (range, 0.1–0.9). Mean SE was –1.17 D, and the
mean refractive astigmatism was 3.39 6 2.36 D (range, 0.0–
10.0 D). The mean topographic astigmatism was 2.30 D.

At 24 months postoperatively, data from 29 (15.6%)
eyes were available. Nine of them underwent suture
adjustment at 1 month postoperatively. The mean BSCVA
was 0.78 6 0.17 (range, 0.6–1.0). Mean SE was –2.92 D, and
the mean refractive astigmatism was 3.47 6 1.58D (range,
0.75–8.5 D). The mean topographic astigmatism was 1.76 D.

Nine of these patients underwent suture redistribution at
1 month. At 1 month, mean BSCVA was 0.23 6 0.12, mean
SE was 1.50 D, mean refractive astigmatism was 3.25 6 0.35
D, and mean topographic astigmatism was 7.08 D. At 24
months, mean BSCVA was 0.75 6 0.12, mean SE was –4.25
D, mean refractive astigmatism was 3.97 6 2.31 D, and mean
topographic astigmatism was 3.1 D.

The other 15 patients who did not undergo suture
redistribution at 1 month showed a mean BSCVA of 0.29 6
0.12, mean SE was 1.00 D, mean refractive astigmatism
was 1.50 6 3.08 D, and mean topographic astigmatism was
4.12 D. At 24 months, mean BSCVA was 0.79 6 0.19, mean
SE was –2.29 D, mean refractive astigmatism was 3.24 6
1.10 D, and mean topographic astigmatism was 1.07 D.

BSCVA data covering the follow-up period are
summarized in Figure 2. BSCVA improvement was statisti-
cally significant throughout the postoperative period compared
with the preoperative levels.

Mean refractive and topographic astigmatism during the
follow-up are shown in Figure 3. The variations in astigmatism
during the postoperative follow-up were not statistically
significant (P . 0.05).

The percentage of eyes with topographic astigmatism #
3 D during follow-up is shown in Figure 4, and the percentage
of eyes with a BSCVA $ 0.5 during the study is documented
in Figure 4B. The distribution of topographic astigmatism at
the 12-month follow-up examination is shown in Figure 4C.

The corneal higher-order aberration analysis for a 3-mm
pupil at 12 months showed a mean total aberration of 1.98 6
1.03 mm. Mean coma was 1.15 6 0.38 mm. Spherical
aberration was 020 6 0.16 mm, and spherical-like aberrations
were 0.43 6 0.27 mm. Comalike aberrations registered at
0.90 6 053 mm. Other higher-order terms contributed with
0.78 6 045 mm.

The mean refractive and topographic astigmatism values
of the 32 patients who completed the 18-month follow-up are
shown in Figure 5.

We therefore looked at the absolute change in the
magnitude of sphere and cylinder for each of these patients
during each follow-up period. Figure 5B shows a reduction
of sphere and cylinder mean variation from 1 (suture in) to
18 months (suture out) and consistent stability of the refrac-
tive astigmatic outcomes with ,1 D of variation from 6 to
18 months.

DISCUSSION
Penetrating keratoplasty has evolved into a highly suc-

cessful transplantation procedure, with graft clarity rates in
keratoconus patients reaching levels as high as 97% at 4 years
postoperatively.9 However, postkeratoplasty astigmatism

FIGURE 2. Changes in visual acuity throughout the follow-up
period.
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remains the major impediment for achieving satisfactory
visual rehabilitation in these patients.1

Many factors contribute to the unpredictable and var-
iable nature of postkeratoplasty astigmatism. These include the
biomechanics of the recipient cornea, the trephination of the

donor eye and the recipient bed, the suturing technique, and
the postoperative management.1 Cases of astigmatism as high
as 20 D have been reported.10,11

Studies using questionnaires have shown that high post-
keratoplasty astigmatism has a negative effect on the quality of
life of patients.12

Postoperative suture adjustment is recognized as a safe
procedure with a significant clinical and statistical effect on
immediate astigmatism correction and with a lasting effect
as late as 3 years after adjustment.13 With this in mind, we
reasoned that suture adjustment immediately after completion
of the procedure, using an intraoperative topography unit,
may make possible even better postkeratoplasty astigmatism
results than adjustment at a later stage of the follow-up period.
The working hypothesis was that immediate adjustment was
preferable to a later adjustment when significant scarring had
already taken place and a high astigmatism was already
established.

FIGURE 3. Changes in refractive and topographic astigmatism
during follow-up period.

FIGURE 4. A, Percentage of patients
with topographic astigmatism # 3.0
D. B, Percentage of patients with
visual acuity $ 0.5. C, Distribution of
patients at 12-month follow-up by
magnitude of astigmatism.
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This approach has an added bonus. If an eye exhibits an
immediate postoperative astigmatism that cannot be corrected
on the table with the aid of intraoperative topography, that
means that the running suture has to be replaced with a new
one before the patient leaves the operating room. Without
intraoperative monitoring, the inadequacy of a given suture is
bound to be discovered too late. Showing such suturing prob-
lems is also a valuable teaching tool.

In this study, 67.6% of the eyes had a BSCVA $ 0.5 at
12 months postoperatively (with sutures still in place in
all cases). At 18 months (with sutures out in all cases), 75%
of the eyes (n = 32) had attained this level of BSCVA, and at
the 24-month follow-up, 85% of the eyes (n = 29) also had
a visual acuity $ 0.5. In the literature, rates of 47%14 and
48%15 have been reported for 24-month follow-ups in eyes
with sutures out. Numbers similar to those observed in other
studies were obtained in our sample as early as 3 months
after surgery, when 48.1% of our eyes had climbed to a
BSCVA $ 0.5.

At 12 months (suture in), 38.8% of the eyes had an
astigmatism # 3.0 D. At 18 months (suture out), 25.9% of the
eyes had this level of astigmatism, and at 24 months, 43.5%
had an astigmatism # 3.0 D. Our results are similar to those
observed in other studies where 27%12 and 34%13 of the eyes
had that level of astigmatism at the 24-month follow-up. (In
an ongoing series, not included in this study, 79 eyes with a
0.25-mm difference between donor and host were analyzed
1 month after suture removal. 8.7% had an astigmatism # 1.0 D,
26.7% # 2.0 D, and 41.2% # 3.0 D.)

Mean astigmatism values at 18 months were 3.39
and 2.30 D for refractive and topographic astigmatism,
respectively. These results are comparable to those reported
in the literature (3.5 6 2.3,16 4.68 6 1.76,17 and 2.8 6 2.0 to 4.4
6 2.9 D).18

For the 32 patients that completed the 18-month
follow-up, we noted only a small mean astigmatism variation
throughout the observation period and a nonsignificant
increase (P . 0.05) in magnitude between 12 and 28 months
(ie, after suture removal). A certain change in astigmatism was
expected and has also been reported in other studies.16,19,20

Also expected were the lower values of refractive
astigmatism observed in the whole cohort compared with
topographic astigmatism. This finding has been explained by
Miyai et al21 using Fourier series harmonic analysis of topo-
graphic data of postkeratoplasty patients. Videokeratography
maps were decomposed into spherical equivalent power,
regular astigmatism power, asymmetry, and higher-order
irregularity. Miyai et al noted that BSCVA was obtained with
the value of regular astigmatism only and that this value was
always smaller than the total topographic astigmatism, which
included higher-order irregularities and asymmetry.

Mean total corneal higher-order aberrations (RMS =
1.98 mm) was ;10-fold that observed in a healthy population
(RMS = 0.19 mm).22 This was due especially to coma (1.15 vs.
0.05 mm in a healthy population) and comalike aberrations
(0.90 vs. 0.09 mm). The values of spherical and spherical-like
aberrations were also higher than those seen in normal eyes
(0.20 vs. 0.04 and 0.43 vs. 0.07 mm, respectively). Other
higher-order aberrations contributed with 0.78 mm (0.10 mm
in healthy individuals).22

When the suture is in place in a PKP eye, it causes
a 360-degree corneal steepening because of suture tension.
This kind of peripheral steepening is also seen in excimer
corneal refractive surgery for myopia. The steepening causes
spherical aberration, which in turn reduces contrast sensi-
tivity (Figs. 6, 7). Induced spherical aberration is a key reason
for patient dissatisfaction after refractive surgery. In addition,
induced coma is also a highly disturbing aberration,
generating double contours that cannot be corrected with
spectacles.

Our results show that the use of intraoperative topography–
guided suture adjustment is feasible and that it enables a
faster recovery of BSCVA and good astigmatism results as
early as the first postoperative month. This method obviates
the need of waiting up to 3 months to adjust a continuous
suture or 3–6 months to remove selected single sutures.

The astigmatism stability observed throughout the
follow-up period is probably caused by the 24-bite suture,
which not only predisposes to a good astigmatism outcome
by spreading suture forces evenly with the aid of the special
corneal marker but also reduces the torque effect of a
continuous suture.23

Deep suture bites, as described by Troutman and
Gaster,24 were used. The suture leaves the donor cornea at
Descemet level and enters the host cornea on the endothelium
side, traversing the entire thickness of the recipient cornea. The
sutures were intentionally passed through the endothelium in
an attempt to obtain total wound edge alignment to avoid step
formation and posterior thinning. This technique makes for
a larger contact surface area between donor and host tissue,
enhancing wound closure, and rendering the wound interface
stronger and more stable.25 This wound stability is probably
reflected in the small astigmatism changes observed in the

FIGURE 5. A, Changes in refractive and topographic astigma-
tism in eyes that completed the 18-month follow-up. B, Mean
sphere and cylinder difference (D) for each patient during each
follow-up period.
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32 eyes that completed the 18-month follow-up. Suture removal
after the 12-month gate resulted in only 0.20 (refractive) and
0.70 D (topographic) astigmatism change. (The more bites
used, the less tension has to be applied. Accordingly, when

such a 24-bite suture is removed, less tension is released and
thus less change in astigmatism observed.)

As patient expectations steadily rise, subjective and
inaccurate methods for astigmatism control in keratoplasty

FIGURE 6. Keratoscopic rings at day 1,
3 months, 6 months, 12 months (with
suture in), 12 months (after suture
removal), and 24 months postopera-
tively. The central rings (the pupil
outline is indicated by a line) are
practically unchanged throughout
the follow-up, whereas the midperiph-
ery rings normalize first after suture
removal.

680 q 2007 Lippincott Williams & Wilkins

Vinciguerra et al Cornea � Volume 26, Number 6, July 2007

JOBNAME: corn 26#6 2007 PAGE: 6 OUTPUT: Friday June 1 07:15:27 2007

tsp/corn/140989/ICO200598

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. 



(eg, handheld keratoscopes) become increasingly difficult to
justify. Also, the current extremely long visual rehabilitation
periods after keratoplasty are a substantial burden on patient
quality of life. This is especially true for individuals still in
their most productive years.

Because our study relies on literature control, more
studies and the experience of other surgeons are
needed to strengthen our findings by reproducing our results.

The validation of this technique may provide the
surgeon with a new strategy to improve postkeratoplasty

FIGURE 7. Wavefront OPD maps at day
1, 3 months, 6 months, 12 months
(with suture in), 12 months (after
suture removal), and 24 months post-
operatively. Note the stability of the
3-mm wavefront-measured refractive
error throughout the entire follow-up
period.
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quality of vision and to shorten postoperative visual
rehabilitation.
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