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Topographic Changes After Suture Removal in
Patients with Penetrating Keratoplasty

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: To investigate the changes in topographic parameters after suture re-
moval in patients with penetrating keratoplasty (PK) and to assess the predictability of these
changes.  MMaatteerriiaall  aanndd  MMeetthhooddss::  This prospective study included 88 eyes of 88 corneal graft pa-
tients. Fifty-one were male and 37 female. Mean age was 52.5±18.3 years. Main indications were
keratoconus (23) and bullous keratopathy (18). Donor corneas were cut from the endothelial
side with a disposable donor punch and sutured into the recipient bed with single 10-0 nylon
running suture. Sutures were removed at 1 year. Corneal topographies were acquired with Ker-
atograph (Oculus, Wetzlar, Germany) immediately before and one month after suture removal.
Flattest and steepest keratometry (K) values (Diopter:D), magnitude and axis of the astigmatism,
eccentricity (Ecc), Q value, analyzed area and topographic patterns were recorded. RReessuullttss::  Mean
K value increased from 42.18±4.97 (30.65-53.20) to 44.46±4.10 (29.45-55.20) D (p=0.001). Mean
astigmatism increased from 4.66 to 5.68 D (p=0.017). Ecc value decreased from 0.48 to 0.11
(p=0.000). Analyzed area increased from 36.90 to 41.44% (p= 0.012). Prolate topographic pat-
terns decreased from 42.0% to 36.4%, oblate patterns increased from 26.1% to 39.8% after suture
removal. CCoonncclluussiioonn::  Mean K value increased 2.3 D after suture removal, meaning a myopic shift
in refraction. Topographic analysis can be acquired in a wider area. Overall oblate and ellipsoid
geometry of the cornea, determined by the Q and Ecc values, remains the same after suture re-
moval.

KKeeyywwoorrddss::  Keratoplasty, penetrating; corneal topography 

ÖÖZZEETT  AAmmaaçç:: Penetran keratoplastili (PK) hastalarda sütür alımı sonrası topografik parametrelerdeki
değişimleri incelemek ve bu değişikliklerin öngörülebilirliğini değerlendirmek. GGeerreeçç  vvee  YYöönntteemm--
lleerr::  Bu prospektif çalışma 88 korneal greft hastasının 88 gözünü içermektedir. Bu hastaların 51'i
erkek ve 37'si kadındı. Ortalama yaş 52.5 ± 18.3 yıldı. Başlıca endikasyonlar keratokonus (23) ve bül-
löz keratopati (18) idi. Donör kornealar tek kullanımlık donör punch ile endotel yüzünden kesildi
ve alıcı yatağa 10-0 naylon sütür ile kontinü olarak sütüre edildi. Sütürler 1. yılda alındı. Korneal
topografiler Keratograph (Oculus, Wetzlar, Germany) ile sütür alımından hemen önce ve 1 ay sonra
yapıldı. En düz ve en dik keratometri (K) değerleri (Diyoptri: D), astigmatizmanın gücü ve aksı, ek-
zantrisite (Ecc), Q değeri, analize edilen bölge, topografik paternler kaydedildi. BBuullgguullaarr:: Sütür
alımından sonra ortalama K değeri 42,18±4,97 (30,65-53,20) D'den 44,46±4,10 (29,45-55,20) D'ye
(p=0,001), ortalama astigmatizma 4,66 D'den 5,68 D'ye yükseldi (p=0,017). Ecc değeri 0,48'den
0,11'ye düştü (p˂0,001). Analize edilen alan %36,90'dan %41.44'e yükseldi (p=0,012). Sütür alımı
sonrası prolat topografik paternler %42.0'den %36,4'e düşerken, oblat paternler %26,1'den %39,8'e
yükseldi. SSoonnuuçç:: Ortalama K değeri sütür alımı sonrası 2,3 D arttı, bu refraksiyonda miyopik değişim
demekti. Topografik analiz daha geniş bir alanda elde edilebilmektedir. Korneanın Q ve ekzantri-
site değerlerinin gösterdiği oblat ve elipsoid geometri, sütür alımı sonrasında da değişiklik göster-
medi.
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lthough component layer grafting of the
cornea is available, penetrating kerato-
plasty (PK) remains a viable option espe-

cially in diseases involving all layers of the cornea.1

However, corneal astigmatism is a common com-
plication of PK that can prevent a good visual out-
come in an eye with a clear graft.2-5 In recent
studies, mean postoperative topographic astigma-
tism exceeding 6 diopters (D) has been reported in
patients undergone PK.6,7 Factors influencing the
amount of astigmatism include the severity of un-
derlying disorder (eg keratoconus), oval or eccen-
tric trephination, graft size, donor recipient
disparity, corneal thickness mismatch between
donor and the recipient, a poor suturing technique
and time of suture removal or adjustment.8

Astigmatism can be evaluated by using mani-
fest refraction, keratometry, corneal topography
and occasionally wavefront analysis. Refraction
and keratometry indicate only one steep and one
flat meridian, which is inaccurate in keratoplasty
patients who have irregular or complex astigma-
tism.3 Corneal topography is a better guide to as-
sess a wider surface area of the cornea and provides
more information in cases of irregular astigma-
tism.9,10

Previous studies have described the unique
topographic patterns seen after PK.11 These patterns
may show substantial changes after suture removal
and these changes are usually unpredictable.12 An
improvement may be seen in some cases after su-
ture removal whereas a worsening of the astigma-
tism may occur in others. Aim of this study is to
investigate the changes in topographic parameters
after suture removal in patients with PK and assess
the predictability of these changes. 

MATERIAL AND METHODS

This prospective study included 103 eyes of 103 PK
patients operated between September 2011 and
February 2015. Consecutive patients with readable
corneal topographic maps acquired immediately
before and 1 month after suture removal were as-
sessed. Five patients whose topography couldn’t be
acquired before suture removal and 10 patients

after suture removal were excluded. Cases with
wound dehiscence and infection after suture re-
moval were also excluded from the study. Thus,
statistical analysis was performed on the data of re-
maining 88 PK patients. An informed consent was
taken from all patients. The study was conducted
under the considerations of Helsinki Declaration.

TECHNIQUE

All patients were operated under general anesthe-
sia. Operations were performed by one surgeon
(BY) using the same suturing technique in all cases.
The donor tissue was prepared by trephining the
donor cornea from the endothelial side with a dis-
posable donor punch (Altomed, Boldon Business
Park, UK). The donor button was trephined 0.25
mm larger than the host in keratoconus patients
and 0.50 mm larger in the rest of the cases. Recip-
ient trephination was performed with a Hessburg-
Barron vacuum trephine (Altomed, Boldon
Business Park, UK). The donor cornea was sutured
into the recipient bed with a 16-20 bite, single 10-
0 nylon running suture. Intraoperative suture ad-
justment was performed in patients with smooth
epithelial surface by using an Avni-Bartov Disc
(Morcher, Stuttgart, Germany).

Postoperative care: Topical steroids were ad-
ministered hourly initially and then reduced to
four times daily. The dose tapered further depend-
ing on the condition of the eye. At the end of six
months, prednisolone acetate 1% switched to fluo-
romethalon 5%  two times daily and antibiotics
ceased. Mydriatics were used for two weeks or
longer if the uveitis persists. Oral acyclovir was
used in herpes simplex cases to minimize the risk of
recurrences. Intraocular pressure was closely mon-
itored in the postoperative period and antiglauco-
matous agents were started if it’s high. 

At the end of one year, running sutures were
removed. A corneal topography was acquired with
Keratograph (Oculus, Wetzlar, Germany), imme-
diately before suture removal and repeated one
month after suture removal. Topographic parame-
ters including the flattest K (K1), the steepest K
(K2) values, magnitude and axis of the astigmatism,
eccentricity (Ecc), Q value (Q cor) and analyzed
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area (AA) were recorded. Topographic patterns
were classified as described by Karabatsas et al.11

All the data were recorded into a Microsoft Excel
sheet.

STATISTICAL ANALYSIS

Data were analyzed with SPSS 17.0 for Windows
software. The topographic data prior to and fol-
lowing suture removal of PK cases were compared
with paired samples t test. Data were analyzed
under 95% confidence interval. P value under 0.05
was considered statistically significant.

RESULTS

Fifty-one of the PK patients were male and 37 were
female. Mean age was 52.5 ± 18.3 (range, 15-84)
years. PK indications of the cases are shown in
Table 1. Major indications for PK were keratoconus
(26.5%) and bullous keratopathy (20.5%). 

Mean K increased from 42.18 ± 4.97 D (30.65-
53.20) D to 44.46 ± 4.10 (29.45 – 55.20) D after su-
ture removal.  Mean increase in K value was 2.28
± 5.14 (1.02 – 3.54) D. This increase was found sta-
tistically significant (p=0.001). Changes in the
topographic parameters before and after suture re-
moval are shown in Table 2. A statistically signif-
icant increase in both mean flat K (p= 0,001) and
steep K (p=0,001) values was observed after suture
removal. Mean astigmatism increased by 1,02 D.
It increased from 4.66 to 5.68 D after suture re-
moval. This change was also statistically signifi-
cant (p=0,017). 

Topographic astigmatism increased more than
5.0 D in 8 cases (9.1%). PK indication was bullous
keratopathy in 3, keratoconus in 2, leucoma in 2 and
stromal dystrophy in 1 of these eight eyes. As a sub-
group analysis, keratoconus and bullous keratopathy
groups were compared in terms of changes in astig-
matism before and after suture removal. However,
no statistically significant was found between two
groups (p=0.380, independent t test). An increase in
astigmatism ≥5.0 D occurred in 2/23 (8.7%) of kera-
toconus cases and 3/18 (16.7%) of BKP cases. Corneal
astigmatism decreased more than 5.0 D in 2 cases
(2.3%) following suture removal. The proportion of
the area analyzed by topography device enlarged sig-
nificantly after suture removal (p= 0.012). A statisti-
cally significant decrease in mean Ecc was observed
following suture removal (p=0.000). The increase in
astigmatism axis and the decrease in mean Q cornea
values were not statistically significant. 

Indication for surgery Number %

Keratoconus 23 26.1

Bullous keratopathy 18 20.5

Stromal dystrophies 10 11.4

Herpetic scar 10 11.4

Leucoma 9 10.2

Regraft 7 7.9

Fuchs dystrophy 5 5.7

Traumatic scar 3 3.4

Trachoma 3 3.4

Total 88 100

TABLE 1: Indications for penetrating keratoplasty.

Parameter (n= 88) Before suture removal After suture removal p value *

Kmin (D) 39.93 ± 5.25 (23.30-51.00) 42.11 ± 4.48 (27.9-56.1) 0.001

Kmax (D) 44.43 ± 5.30 (31.40-58.30) 46.82 ± 4.92 (31.00-59.40) 0.001

Astigmatism (D) 4.66 ± 3.32 (0.20-25.40) 5.68 ± 3.32 (0.20-19.10) 0.017

Axis (degree) 85.39±55.13 (1.00-179.40) 91.65 ± 55.77 (5.30-179.50) 0.368

Eccentricity 0.48 ± 0.60 (-2.35-1.16) 0.11 ± 0.58 (-1.17-1.60) 0.000

Q cornea 11.58 ± 0.65 (9.60-14.10) 11.38 ± 1.35 (0.00-13.60) 0.137

Analyzed area (%) 36.90 ± 13.80 (5.00-61.00) 41.44 ± 13.91 (0.00 – 69.00) 0.012

TABLE 2: Changes in mean values of the topographic parameters before and after suture removal.

* Paired t test  
Values were showed as mean±standard deviation (min-max). Statistically significant  p values were written in bold. K: keratometry, D:dioptr.
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The changes in topographic patterns, accord-
ing to Karabatsas classification, before and after su-
ture removal are shown in Table 3. Abbrevations
in the table are as follows: Prolate symmetric bow
tie (PSBT), prolate asymmetric bow tie (PABT),
oblate symmetric bow tie (OSBT), oblate asym-
metric bow tie (OABT), prolate irregular (PI) and
oblate irregular (OI). As may be seen in the table,
prolate patterns decreased in number from 37/88

(42.0%) to 32/88 (36.4%) after suture removal
whereas oblate patterns increased from 23/88
(26.1%) to 35/88 (39.8%). Figure 1 shows topogra-
phies of a typical case. Before suture removal (on
the left hand side):  Pattern: OI. K1: 32.60D, K2:
37.90D, astigmatism: 5.4D and K: 35.25D. After su-
ture removal (right hand side): Pattern: OABT.
K1:41.5 D, K2:50.40 D, astigmatism 8.9D and K
45.95D.

Changes in the distribution of regular, irreg-
ular or unclassified patterns before and after su-
ture removal was not found statistically
significant (p=0.192, Chi-quare test). In two main
indications (keratoconus and BKP) transition from
prolate (P) pattern to oblate (O) pattern while all
sutures out were analyzed. In keratoconus group
(n=23) P to O transformation occurred in 3 eyes
(13.0%), whereas O to P change was not observed.
In BKP eyes (n=18), P to O transformation oc-
curred in 1 eye (5.5%) and O to P change in 2 eyes
(11.1%). Although number of eyes are not suffi-
cient for statistical analysis, transition from O to P
pattern was more frequent in BKP. This may be a
result of  more central steepening and peripheral
flattening occurring in BKP eyes following suture
removal. In two eyes from each group O pattern
did not change before and after suture removal. P
pattern remained the same in 4 eyes (17.4%) in
keratoconus group and 2 eyes (11.1%) in BKP
group.   

Before suture removal After suture removal

Topographic patterns n (%) n (%)

Regular patterns 35 (39.8) 43 (48.9)

PSBT 3 (3.4) 2 (2.3)

PABT 18 (20.5) 15 (17.0)

OSBT 3 (3.4) 3 (3.4)

OABT 9 (10.2) 21 (23.9)

Oval 2 (2.3) 2 (2.3)

Irregular patterns 53 (60.2) 45 (51.1)

PI 16 (18.2) 15 (17.0)

OI 11 (12.5) 11 (12.5)

Other 5 (5.7) 5 (5.7)

Unclassified 21 (23.8) 14 (15.9)

Total 88 (100.0) 88 (100.0)

TABLE 3: Changes in topographic patterns, 
according to Karabatsas classification, before and 

after suture removal.

PSBT: Prolate symmetric bow tie; PABT: Prolate asymmetric bow tie;
OSBT: Oblate symmetric bow tie; OABT: Oblate asymmetric bow tie; 
PI: Prolate irregular; OI: Oblate irregular.

FIGURE 1: Corneal topographic maps of a typical PK case before and after suture removal. Although, some steepening took place, oblate asymmetric bow-tie
pattern persisted after suture removal.
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DISCUSSION

Sutures were removed at one year in our study,
since complete wound healing occurs in one year
in most of the cases. Late removal may be associated
with complications including spontaneous loosen-
ing and infection.13 Besides, Goren et al. reported
unpredictable changes in patients whose sutures
were removed 20 months after surgery.14 Wound
dehiscence after suture removal requiring addi-
tional sutures may be encountered in the elderly.15

Such cases excluded from the study, since surface
topography drastically change in these cases. 

In our study, K1, K2 and mean K values in-
creased significantly indicating a corneal steepen-
ing after suture removal. The explanation for this
observation may be the disappearance of flattening
compression of the running sutures. A progressive
corneal steepening and an increase in astigmatism
was reported after suture removal in keratoconus
patients with PK.16 However, these changes only
differed from the changes in Fuchs dystrophy pa-
tients 10 years after PK.  Additionally, keratoconus
patients comprised only 26.1% of our cases. There-
fore, corneal steepening after suture removal can
not be attributed solely to the changes observed in
keratoconus patients.

Various results have been reported about the
change in astigmatism after removal of keratoplasty
sutures. Lin et al reported no change from a mean
of 5.3 D corneal astigmatism after suture removal.17

Graft size and centration, suture tension and
wound adaptation are important factors affecting
postoperative astigmatism.18 Mean topographic
astigmatism increased from 4.66 D to 5.68 D after
suture removal in our patients, this change (+1,02
D)  was statistically significant (p=0.017). An in-
crease in astigmatism > 5,0 D was observed in bul-
lous keratopathy eyes (11,1%) more than
keratoconus eyes (8,7%) in our study. This finding
may be a result of the distorted corneal surface sec-
ondary to previous complicated cataract surgery.
This irregularity masked by running sutures while
sutures are in place may become obvious following
the removal of the sutures. In Seitz et al’s study,
nonmechanical excimer laser PK has been per-

formed on patients without previous surgery. They
used 0.1mm oversized graft and double running
cross-stitch suture. First running suture has been
removed at 14 months and second suture at 20
months. Mean astigmatism after laser PK for kera-
toconus was reported as 3.3 D when sutures were
in place and 2.5 D after suture removal. These val-
ues were 3.5 D and 3.0 D in Fuchs dystrophy pa-
tients respectively. They found no statistically
significant difference between Fuchs and kerato-
conus either before or after suture removal. These
finding indicates that the irregularities of the host
rim in keratoconus patients did not result in higher
astigmatism as compared to patients with Fuchs
(regular host rim).18 Since wound apposition and
centralization is better in excimer laser PK, direct
comparison of its outcomes with mechanical PK
used in our study is not reliable. Shimazaki and
Tsubota19 concluded that the suture removal after
PK was advantageous for both reducing astigma-
tism and normalizing topography, especially in
eyes with localized flattening at the midperipheral
cornea. Eyes with skewed astigmatism axis or topo-
graphic astigmatism more than 1 dioptries showed
significant decrease in astigmatism in their study. 

Solomon et al. observed the maximum changes
in dioptric power and axis of the flat and steep
meridians in the first hour after suture removal.12

0.43 D decrease in steep K at the first hour and 0.70
D increase at the first week has been found after
suture removal. They suggested that the corneal
topographic pattern and changes in astigmatism
were unpredictable and complex. Predictability of
visual outcomes of a running suture removal may
be improved by the use of topography.19 Most of
the topographic changes occur immediately after
suture removal. However, continued shifting in
corneal curvature may take place over 4-6 weeks.14

Topographic instability might be expected to regu-
larize in midterm.16 In our study, a statistically sig-
nificant increase in AA was observed after suture
removal. It suggests that the surface area analyzed
by the topographer becomes wider. Additionally,
proportion of regular patterns increased from
39.8% to 48.9%. While unclassified pattern was the
most common pattern (23.8%) before suture re-
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moval, oblate assymmetric bow tie became the
most common after suture removal (23.9%). These
findings indicate an improvement in surface regu-
larity after suture removal. Asymmetric bow tie has
been reported to be the most common topographic
pattern both before and after suture removal.19 In
parallel with this report, it was the most common
pattern before 27/88 (30.1%) and after suture re-
moval 36/88 (40.9%) in our cases.

Ecc is a topographic parameter indicating the
shape of the cornea. The Ecc value designates the
amount by which the cornea diverges from a per-
fect sphere. This value is 0 for a sphere, 0.1-0.9 for
an ellipsoid and 0.3-0.6 for an average cornea.20 In
our study, the statistically significant decrease in
Ecc from 0.48 to 0.11 suggests that the corneal sur-
face becomes more spherical after suture removal,
yet still an ellipsoid. Negative Ecc values may be
seen following keratoplasty.21 Q value is an indica-
tor of asphericity of the cornea. A spherical cornea
has the same radius over the whole cornea. Prolate
means (negative Q cor) the radius in the periphery
is larger than the center, oblate (positive Q cor) is
the opposite. Average Q cor for a normal cornea is
-0.26 to -0.42 and 0 for a sphere.22 Almost all postk-
eratoplasty corneas have been reported to be
oblate33. In parallel with this observation, mean Q
cor was found 11.58 before and 11.38 after suture
removal in our patients. Both of these values mean
oblate corneas and this pattern did not change sig-
nificantly after suture removal (p=0.137). 

The results of our study suggest that, the mean
corneal power increases approximately 2.3 D after
suture removal following PK meaning a myopic
shift in patient’s refraction. Astigmatism may in-
crease after suture removal. Topographic analysis
can be acquired in a wider area after suture re-
moval. Ellipsoid geometry of the cornea, judged by
the Ecc value, remains the same, although it be-
comes closer to a sphere after suture removal.
Oblate shape of the grafted corneas doesn’t change.
Finally, regular topographic patterns increase,
while irregular patterns decrease after removal of a
single running 10-0 nylon suture. In conclusion, PK
operated patients should be informed about possible
refractive changes after suture removal. Especially
increase in myopia and astigmatism may require
correction.
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