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ABSTRACT 
 

Aim: To evaluate the influence of penetrating keratoplasty (PK) for keratoconus, on corneal 
curvatures and the anterior segment parameters obtained with the Pentacam rotating Scheimpflug 
camera. 
Place and Duratıon of Study:  Department of Ophthalmology, Ankara Training and Research 
Hospital, between May 2013 and March 2016. 
Methods:  Medical records of 38 eyes of 38 patients who underwent PK for keratoconus were 
reviewed retrospectively. Patients were evaluated preoperatively and postoperatively one month 
after suture removal (13 months) with Pentacam. We compared measurements of anterior and 
posterior corneal curvatures, anterior chamber depth (ACD), anterior chamber volume (ACV), 
anterior chamber angle (ACA) and central corneal thickness. Paired t-test was used for 
comparison. 
Results:  Mean anterior keratometry (Km) reading of cornea decreased significantly from 
67.73±14.91 diopter (D) before surgery to 40.40±8.74 D at 13 months (P=0.0001). Posterior mean 
K reading of the cornea decreased significantly from -10.82±2.77 D preoperatively to -5.72±1.65 D 
at 13 months (P=0.0001). ACD, ACV and ACA decreased significantly following PK surgery. 
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Conclus ion: PK significantly decreased corneal curvatures and ACD, ACV, ACA, resulting in a 
hyperopic shift. This observation should be taken into consideration when performing a Triple 
procedure. 
 

 

Keywords: Anterior segment parameters; corneal curvature; intraocular lens calculation; pentacam; 
penetrating keratoplasty. 

 

1. INTRODUCTION 
 
Keratoconus is a progressive, non-inflammatory, 
ectatic disorder which results in visual 
impairment. The estimated prevalance of 
keratoconus ranges from 0.08% to 2.3% [1,2]. 
High irregular astigmatism, increased corneal 
aberrations and central corneal scarring seen in 
keratoconus are associated with decreased 
visual acuity [3].  
 
Surgical treatment is indicated when spectacles 
and contact lenses fail to provide satisfactory 
visual function or when patients are contact lens-
intolerant [4]. Penetrating keratoplasty (PK)  
which is the full-thickness replacement of a 
diseased cornea with an allograft donor cornea, 
has been a surgical treatment for keratoconus 
over the past few decades [5,6]. 
 
The purpose of this study was to evaluate the 
influence of penetrating keratoplasty on corneal 
curvatures and the anterior segment parameters 
obtained with the Pentacam rotating-Scheimflug 
camera. 
 

2. MATERIALS AND METHODS 
 
This study was a retrospective, cohort study. 
Medical records of 38 patients, who underwent 
penetrating keratoplasty for keratoconus at Eye 
Clinic of our hospital by a single surgeon, were 
reviewed. The study protocol was in accordance 
with the principles of Declaration of Helsinki. 
 
Keratoconus was diagnosed on the basis of 
clinical slit-lamp findings (stromal thinning, 
conical protrusion, a Fleisher ring, Vogt striae, 
and sub-epithelial scarring) and characteristics of 
topographic pattern. Informed consent form was 
signed by all keratoconus patients undergoing 
penetrating keratoplasty. Patients with an 
uneventful surgery (without intraoperative and 
postoperative complications such as suture 
loosening, suture related infection, graft rejection. 
etc.) and follow-up for at least one year were 
included in the study.  
 
Patients with episodes of rejection, with 
intraoperative or postoperative complications 
(inluding suture loosening and re-suturing) and 

shorter than 1 year follow-up were exluded from 
the study. No suture adjustments were done for 
any patients during post-operative period. 
 

2.1 Surgical Technique  
 
General anesthesia was used in all operations. 
Each patient was prepared by cleaning the 
eyelids with povidone iodine, draping, and 
insertion of lid speculum. Then a radial suture 
marker with gentian violet was used to mark the 
recipient’s cornea. Recipient’s corneas were 
excised using the Hessburg-Barron vacuum 
trephines at a diameter of 7.25 or 7.50 mm. 
Trephine size was determined according to white 
to white corneal diameter. Donor corneas were 
prepared with the Barron donor punch (Katena 
products) from the endothelial side 0.25 mm 
oversized. Donor buttons were sutured into 
recipient by using single running technique, 
which consisted of 16 bites of 10-0 nylon suture. 
Gentamycin and dexametasone phosphate were 
injected subconjunctivally, at the end of the 
procedure. Topical ofloxacin and prednisolone 
acetate 0.1% eyedrops were administered 8 
times daily postoperatively. Ofloxacin was 
stopped after 3 weeks, prednisolone acetate was 
tapered over 12 weeks and continued only one 
drop a day until 12 months. In the presence of  
epithelial defect, dosing of topical steroid was 
reduced. 
 
Sutures were removed at 12 months in all cases. 
Preoperatively and one month after suture 
removal (13 months), each patient underwent 
Pentacam (Oculus,Wetzlar,Germany) Scheimflug 
topographic examination. The mean anterior and 
posterior corneal curvatures (central 3mm mean 
K values), anterior chamber depth (ACD), 
anterior chamber volume (ACV) and anterior 
chamber angle (ACA) and central pachymetric 
readings were recorded. 
 

2.2 Statistical Analyses 
  
Statistical analyses were performed using the 
SPSS software version 15. The variables were 
investigated using analytical methods (Shapiro-
Wilk test) to determine whether or not they are 
normally distributed. Descriptive analyses were 
presented using means and standard deviations 
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for normally distributed variables (anterior and 
posterior corneal curvatures, ACD, ACV, ACA 
and central pachymetric readings). Paired t-test 
was used to compare the measurements at two 
time points (preoperatively and 13 months 
postoperatively). A P-value of less than 0.05 was 
considered to show a statistically significant 
result. 
 

3. RESULTS 
 
This study included 38 eyes of 38 patients (18 
men and 20 women). Mean age of patients was 
31.07±13.20 (15-59) years. The mean spherical 
equivalent was +4.23 ± 3.44 diopters, 13 months 
post-operatively. 
 
Preoperatively and one month after suture 
removal (13 months), Pentacam scheimflug 
imaging was performed. Mean anterior K reading 
of the cornea changed from 67.73±14.91 D 
before surgery to 40.40±8.74 D at 13 months. 
(paired t-test, P=.0001).  
 
Mean posterior K reading of the cornea 
diminished significantly from – 10.82±2.37 D 
preoperatively to – 5.72±1.65 D at 13 months 
(P=.0001). 
 
Anterior chamber volume decreased from 
209.92±40.20 µl preoperatively to 176.00±60.57 
µl at 13 months (P=.002). 
 
Anterior chamber depth decreased 4.28± 0.61 
mm preoperatively to 2.84±0.74 mm at 13 
months. (P=.0001). Anterior chamber angle 
decreased from 39.42±8.32 preoperatively to 
25.35±14.42 at 13 months.(P=.001) 
 
Central pachymetric readings increased from 
330.32±87.96 µm preoperatively to 
505.03±59.20 µm at 13 months (paired t-test, 

P=.001). Table 1 shows the changes of anterior 
and posterior corneal curvature, anterior 
chamber parameters and central pachymetry, 
preoperatively and one month after suture 
removal in all operated eyes. 
 
4. DISCUSSION 
 
The development of corneal ectasia which 
causes irregular astigmatism is the main reason 
of visual impairment in keratokonus patients, but 
in advanced stages of disease, corneal scarring 
may contribute substantially [3]. When hard 
contact lenses fail to provide satisfactory visual 
function, and when patients are contact lens-
intolerant, surgery becomes the only option to 
restore adequate vision.  
 
Keratoconus represents low risk keratoplasty and 
patients usually are young and free of other 
ocular pathologic features. A large number of 
studies have shown that penetrating keratoplasty 
(PK) surgery performed in keratoconus patients, 
usually leads satisfactory results [7-10]. 
 
In this study we evaluated the influence of 
penetrating keratoplasty on corneal curvature 
and the anterior chamber parameters with the 
Pentacam rotating Scheimpflug camera. We 
found that the mean value of anterior and 
posterior keratometric readings flattened 
significantly at 13 months after PK. 
 
The size of the donor and recipient trephines, 
graft oversize, suture techniques, suture tension 
and variations in wound construction might be 
important predictors of corneal curvature after PK 
[8]. Severity of the disease is also important, 
where extensive thinning of the mid- to peripheral 
cornea influences postoperative curvature 
[11,12].  

 
Table 1. Comparison of anterior chamber measurement s of thirty-eight patients who 

underwent penetrating keratoplasty 
 
Curvatures of cornea, 
pachymetry and anterior 
chamber measurements 

Time points of measurements  P 
Preoperatively  13 months 

postoperatively 
Anterior Km 67.73±14.91 40.40±8.74 0.0001 * 
Posterior Km -10.82±2.37 -5.72±1.65 0.0001 * 
ACD 4.28±0.61 2.84±0.74 0.0001 * 
ACV 209.92±40.20 176.00±60.57 0.002* 
ACA 39.42±8.32 25.35±14.42 0.001* 
Central pachymetry 330.32±87.96 505.03±59.20 0.0001* 

Km mean curvature power of the cornea within the central 3 mm expressed in diopters. 
ACD, Anterior Chamber Depth; ACV, Anterior Chamber Volume; ACA, Anterior Chamber Angle. 

*Statistically significant difference. Paired t- test 



 
 
 
 

Yesim et al.; BJMMR, 18(3): 1-5, 2016; Article no.BJMMR.29500 
 
 

 
4 
 

Because suture removal after PK may 
dramatically modify the corneal topographic 
pattern and shape, the main outcome measures 
were recorded one month after suture removal. 
In our case series mean corneal curvature was 
40.40±6.88 D one month after suture removal 
(postoperative 13 months). Surgical tecnique 
was the same (0.25 mm graft over sized, single 
running suture by a single surgeon) in all 
patients. We found markedly lower values in 
corneal curvature than those reported by Kim     
et al. [7]. They used 0.25 mm over sized donor 
button and reported mean anterior corneal 
curvature as 45.01±3.80 D at 12 months after 
PK. This may be in part due to our suturing 
tecnique with over-tension, necessary for water-
tight wound closure because of the thinner 
peripheral cornea in keratoconus.  
 
However, lower corneal curvature power in early 
postoperative period like in our case series may 
be advantageous for expected development        
of myopic shift and recurrent keratoconus           
after keratoplasty [5,6]. A continued natural 
progression of keratoconus in the host rim may 
induce thinning of both the host and donor 
stroma at the graft-host interface leading to 
wound slippage and progressive keratometric 
steepening and astigmatism [13]. The healing 
centrifugal forces in a 0.25 mm oversized graft 
may be higher than in a 0.50 mm oversized graft. 
In the present study all grafts were 0.25 mm 
oversized. So our flatter K readings could be 
explained by the small (0.25 mm) oversized            
graft. On the other hand, recurrence of ectasia        
or keratoconus-like characteristics after PK            
for keratoconus has been reported in several 
studies [14-16]. There is evidence that host 
keratocytes replace donor keratocytes after PK 
and some investigators have postulated that                 
graft repopulation by recipient keratocytes                
is responsible for recurrent keratoconus 
characteristics [16]. Raecker et al. found that, 
beyond 10 years following surgery, corneal 
steepening and astigmatism progressively 
increased in keratoconus patients [17]. 
 
We found that, after penetrating keratoplasty,  
anterior chamber depth, anterior chamber 
volume and angle were decreased significantly. 
Because PK is an open-system surgery, it results 
in a shallower anterior chamber depth and more 
flattened cornea as a result of collapse of the 
anterior chamber angle. Kim et al. compared 
refractive changes occuring after lamellar 
keratoplasty or PK in patients with keratoconus. 
They reported lower values for corneal curvature, 

anterior chamber volume, anterior chamber 
depth and anterior chamber angle in PK group 
[7].  
 
Recognition of shift of corneal curvature and 
anterior chamber parameters in postoperative 
period may be important. It should be taken into 
account especially when cataract surgery is to be 
performed at the time of PK (Triple Procedure) 
[18]. Ocular biometric data used in IOL power 
calculation formulas include axial length, corneal 
curvature and anterior chamber depth and there 
is a difficulty in IOL power calculations in these 
cases [19]. 
 
5. CONCLUSION 
 
In conclusion; due to a shallower ACD, and a 
more flattened cornea, hyperopic shift (mean 
spherical equivalent; +4.23 ±3.44 diopters) was 
seen 13 months after PK surgery in our study. 
However, flat corneal curvature may be 
advantageous for these patients because of 
delayed and progressive corneal steepening and 
recurences of keratoconus after keratoplasty. In 
addition, prediction of corneal curvature and 
anterior chamber parameters might be useful 
especially for IOL power calculations in Triple 
Procedures. 
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