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OPHTHALMOLOGY

The Visual Acuity Outcome, Rate of Rejection and Mean 
Intraocular Pressure Contrasted between PKP and  

DALK Techniques in a Sample of Iraqi  
Patients with Corneal Grafting

Zaid Yousif Hameed Shukur

ABSTRACT
Background: Penetrating keratoplasty (PKP), in which all the layers of the cornea are removed and replaced by the tissues 

obtained from a donor, remains for long time as the surgical method of choice in treating diseased cornea when medical 
approach fails. Because of graft rejection following PKP and associated post-operative complications there has been a change 
toward another technique known as the deep anterior lamellar keratoplasty (DALK) in which healthy tissue are retained and 
removal process will be restricted to disease tissue only leading to less immunological rejection. 

Aim of the Study: the current study was planned and conducted in order to compare two groups of patients, PKP and DALK 
groups, in term of visual acuity, rate of rejection and intraocular pressure (IOP).

Patients and Methods: This case reference study was based on reviewing the available records of patients who underwent 
keratoplasty during the period extending from January 2014 through December 2019 in a single private center owned and 
directed by the author of the current study. The records were searched for age of patients at time of presentation, their gender, 
indication of operation, best corrected visual acuity, signs of graft rejection and intraocular pressure (IOP). The inclusion was 
based on collecting information for at least one year comprising 5 visits; each visit is 2 to 3 months apart. 

Results: During the first, second and third visits, there was significant difference in the rate of good visual acuity (best cor-
rected visual acuity BCVA ≥ 6/15) between PKP and DALK groups (P < 0.05); being higher in DALK group, 39.5% versus 
13.8%, 42.1% versus 20.7% and 47.4% versus 24.1%, respectively. The rate of good visual acuity during the 4th and the 5th visits 
was also higher in DALK group in comparison with PKP group, 55.3% versus 34.5% and 68.4% versus 41.4%, respectively; 
however, the difference did not reach statistical significance as p-values were 0.057 and 0.073. In the 2nd, 3rd and 4th visits, there 
was no significant difference in the rate of rejection between both groups (P > 0.05); however, there was significant difference in 
the rate of rejection during the last visit (P = 0.046), being lower in the DALK group. There was no significant difference in 
mean IOP between PKP and DALK groups during all reviewed visits (P > 0.05). 

Conclusion: our study has shown that DALK is superior to PKP because of less rate of rejection and better visual acuity 
results with lack of significant difference in post operative mean IOP.

KEY  WORDS
visual acuity, rate of rejection, intraocular pressure, PKP, DALK, Iraq

Received on April 19, 2020 and accepted on July 29, 2020
University of Kufa, College of Medicine
Iraq
Correspondence to: Zaid Yousif Hameed Shukur
(e-mail: zaid.shukur@uokufa.edu.iq)

48

INTRODUCTION

The human cornea is composed of several layers that are histologi-
cally diverse and this histological diversity nowadays forms the basis 
for surgical approaches dealing with corneal diseases (Akanda et al., 
2017; Tan et al., 2012; DelMonte and Kim, 2011). The cornea is a target 
of a number of medical conditions such as congenital opacities (corneal 
dystrophies) Figure 1, scarring, shape irregularities like ectasias (kerato-
conus, keratoglobus and pellucid marginal degeneration) Figure 2, cor-

neal degenerations Figure 3, keratitis due to infections like herpes virus 
keratitis and bacterial keratitis, chemical/mechanical corneal trauma, , 
and re-grafts for previous graft rejections (Mathews et al., 2018); there-
fore, medical intervention is required to keep or regain the health of the 
cornea, but medical intervention may fail to restore such corneal health 
and surgical intervention in the form of corneal transplantation is 
required (keratoplasty) (Sun et al., 2019; Tan et al., 2008). 

Penetrating keratoplasty (PKP) Figure 4 and 6, in which all the lay-
ers of the cornea are removed and replaced by the tissues obtained from 
a donor, remains for long time as the surgical method of choice in treat-
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ing diseased cornea when medical approach fails (Krysik et al., 2018; 
Al-Mohaimeed, 2013; Fasolo et al., 2011; Thompson et al., 2003). 
There are a number of complications that have been described in associ-
ation with PKP such as topical steroid use for long period of time and its 
effect on the IOP, long time needed for visual rehabilitation and unpre-
dictable astigmatism (Price and Price, 2006). Corneal graft failure may 
happen following PKP because of immunological reaction of the host 
against donor endothelial cells (Lass et al., 2008). Because of graft 
rejection following PKP and associated post-operative complications 
there has been a change toward another technique known as the lamellar 
keratoplasty Figure 5 in which healthy tissue are retained (endothelium) 
and removal process will be restricted to disease tissue only leading to 
less immunological rejection; however, these new techniques need more 
complicated technical work with more operative time when compared to 

the old PKP procedure (Akanda et al., 2013; Cassidy et al., 2013; 
Croasdale et al., 2013).

Here in our country, little is known about how patients have got 
benefit from both types of operation and which operation offers better 
outcome in term of visual acuity and less rate of rejection or complica-
tion on long term basis ; therefore, the current study was planned and 
conducted in order to compare two groups of patients, PKP and DALK 
groups, in term of visual acuity, rate of rejection and intraocular pres-
sure (IOP) through the follow up period visits. 

Figure 1: it shows corneal opacification as an example of corneal 
dystrophy

Figure 3: it shows corneal opacification as an example for age 
related corneal degeneration

Figure 2: it shows cornea with central changes of deep layers 
(Vogt striae) due to advanced keratoconus

Figure 4: a case of an eye performed corneal grafting for corneal 
scar due to keratoconus

Figure 6: it shows the same patient in Figure-3 one month after 
penetrating keratoplasty PKP

Figure 5: it shows the same patient in Figure-2 one week after 
DALK surgery
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PATIENTS  AND  METHODS

The current study was conducted in Al-Najaf province, mid-Euphra-
tes region of Iraq during the period extending from September the 1st 
2019 to February the 2th 2020. This case reference study was based on 
reviewing the available records of patients who underwent keratoplasty 
during the period extending from January 2014 through December 2019 
in a single private center owned and directed by the author of the cur-
rent study. The records were searched for age of patients at time of pre-
sentation, their gender, indication of operation, best corrected visual 
acuity, signs of graft rejection and intraocular pressure (IOP). The inclu-

Table 1: General characteristics of patients enrolled in the present study

Characteristic 
 Total PKP group  DALK group 

P
 n = 67 n = 29 n = 38

Age (years)    
Mean ± SD 29.79 ± 13.56 32.10 ± 15.05 28.03 ± 12.22 0.225 †
Range 11 -74 11 -73 11 -74 NS

Gender    
Male, n (%) 30 (44.8 %) 15 (51.7 %) 15 (39.5 %) 0.318 ¥
Female, n (%) 37 (55.2 %) 14 (48.3 %) 23 (60.5 %) NS

Eye    
Right (OD), n (%) 31 (46.3 %) 10 (34.5 %) 21 (55.3 %) 0.091 ¥
Left (OS), n (%) 36 (53.7 %) 19 (65.5 %) 17 (44.7 %) NS

Indications    
Keratoconus, n (%) 57 (85.1 %) 21 (72.4 %) 36 (94.7 %) References

Corneal dystrophy, n (%) 7 (10.4 %) 5 (17.2 %) 2 (5.3 %)
 0.177 Y

    NS

Graft failure, n (%) 3 (4.5 %) 3 (10.3 %) 0 (0.0 %)
 0.116 Y

    NS

n: number of cases; SD: standard deviation; PKP: Penetrating Keratoplasty; DALK: Deep anterior lamellar keratoplasty; OD: oculus dextrus; OS: oculus sin-

ister; † Independent samples t-test; ¥: Chi-square test; Y: Yates correction for continuity; NS: not significant at P > 0.05  

Table 2: Visual acuity of patients according to type of opera-
tion (PKP versus DALK) being followed for at least 
one year interval

Visual acuity
 PKP group  DALK group 

P
 n = 29 n = 38

Visit 1   
Good, n (%) 4 (13.8 %) 15 (39.5 %) 

0.027 ¥
Moderate, n (%) 10 (34.5 %) 5 (13.2 %) 

S
Poor, n (%) 15 (51.7 %) 18 (47.4 %) 

Visit 2   
Good, n (%) 6 (20.7 %) 16 (42.1 %) 

0.014 ¥
Moderate, n (%) 16 (55.2 %) 8 (21.1 %) 

S
Poor, n (%) 7 (24.1 %) 14 (36.8 %) 

Visit 3   
Good, n (%) 7 (24.1 %) 18 (47.4 %) 

0.046 ¥
Moderate, n (%) 17 (58.6 %) 11 (28.9 %) 

S
Poor, n (%) 5 (17.2 %) 9 (23.7 %) 

Visit 4   
Good, n (%) 10 (34.5 %) 21 (55.3 %) 

0.057 ¥
Moderate, n (%) 16 (55.2 %) 10 (26.3 %) 

NS
Poor, n (%) 3 (10.3 %) 7 (18.4 %) 

Visit 5   
Good, n (%) 12 (41.4 %) 26 (68.4 %) 

0.073 ¥
Moderate, n (%) 13 (44.8 %) 8 (21.1 %) 

NS
Poor, n (%) 4 (13.8 %) 4 (10.5 %) 

n: number of cases; PKP: Penetrating Keratoplasty; DALK: Deep anterior lamellar 

keratoplasty; ¥: Chi-square test; S: significant at P ≤ 0.05; NS: not significant at P > 

0.05

Table 3: Rejection rate in patients according to type of opera-
tion (PKP versus DALK) being followed for at least 
one year interval 

 Visit
 PKP group  DALK group 

P
  n = 29 n = 38

 2 6 (20.7 %) 8 (21.1 %)
 0.971 ¥

    NS

 3 3 (10.3 %) 7 (18.4 %)
 0.567 Y

    NS

 4 4 (13.8 %) 5 (13.2 %)
 1.000 Y

    NS

 5 6 (20.7 %) 1 (2.6 %)
 0.046 Y

    S

n: number of cases; PKP: Penetrating Keratoplasty; DALK: Deep anterior lamellar kera-

toplasty; ¥: Chi-square test; S: significant at P ≤ 0.05; Y: Yates correction for continuity; 

NS: not significant at P > 0.05

Table 4: Intraocular pressure of patients according to type 
of operation (PKP versus DALK) being followed 
for at least one year interval

Intraocular pressure  PKP group DALK group 
P

(IOP) n = 29  n = 38

Visit 1   
Mean ± SD 13.9 ± 3.2 13.7 ± 3.3 0.784 †
Range 8.0 -21.0 8.0 -20.0 NS

Visit 2   
Mean ± SD 15.1 ± 6.6 15.3 ± 4.8 0.917 †
Range 9.0 -43.0 8.0 -27.0 NS

Visit 3   
Mean ± SD 15.0 ± 3.4 14.2 ± 3.1 0.314 †
Range 8.0 -23.0 10.0 -20.0 NS

Visit 4   
Mean ± SD 14.9 ± 3.6 13.9 ± 3.3 0.223 †
Range 7.0 -23.0 10.0 -24.0 NS

Visit 5   
Mean ± SD 14.9 ± 4.1 14.8 ± 5.1 0.903 †
Range 8.5 -27.0 8.0 -32.0 NS

n: number of cases; SD: standard deviation; PKP: Penetrating Keratoplasty; 

DALK: Deep anterior lamellar keratoplasty; †: Independent samples t-test; NS: not 

significant at P > 0.05
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sion was based on collecting information for at least one year compris-
ing 5 visits; each visit is 2 to 3 months apart. Any record which did not 
fulfill these criteria was excluded from the study. At the end of the 67 
reports were included, 29 of PKP and 38 of DALK techniques. 

Ethically, the study was approved by the ethical approval committee 
of Kufa University, Faculty of Medicine and verbal consent was 
obtained from each patient by making a phone call. 

The data were analyzed using SPSS (IBM, Chicago, USA, version 
23). Qualitative data were expressed as number and percentage; where-
as, quantitative data were expressed as mean, range and standard devia-
tion. Independent samples t-test was used to compare means between 
two groups; Chi-square test and Yates correction for continuity were 
used to study differences in proportion between two groups. The level 
of significance was chosen at P ≤ 0.05. 

RESULTS

The general characteristics of patients enrolled in the current study 
were summarized in table 1. As it was stated before, the study included 
a total of 67 patients who were categorized according to the type of cor-
neal grafting operations into two groups. The first group included 29 
patients who underwent PKP operation with a mean age of 32.10 ±15.05 
years and an age range of 11 -74 years and the second group included 
38 patients who were approached by DALK operation with a mean age 
of 28.03 ±12.22 years and an age range of 11 -74 years. There was no 
significant difference in mean age between both groups regarding mean 
age (P = 0.225). A total of 30 males and 37 females have participated in 
the current study and there was no significant difference in the frequen-
cy distribution of patients according to gender between PKP and DALK 
groups (P = 0.318), as shown in Table 1. 

The frequency of right eye (OD) was 31 and that of the left eye 
(OS) was 36, with lack of significant difference in the frequency distri-
bution of patients according to side of eye between PKP and DALK 
groups (P = 0.318), as shown in Table 1. The principal indication was 
keratoconus which was seen in 57 (85.1 %) of ≥ cases and there no sig-
nificant difference in the frequency distribution of patients according to 
indication between PKP and DALK groups (P = 0.318); two other indi-
cations were recorded: corneal dystrophy and previous graft failure, 
Table 1. 

One of the major outcomes to evaluate the efficiency of PKP and 
DALK operations is the visual acuity. The visual acuity of patients 
enrolled in the current study was contrasted between both groups and 
were summarized in Table 2. During the first, second and third visits, 
there was significant difference in the rate of good visual acuity (BCVA 
≥ 6/15) between PKP and DALK groups (P < 0.05); being higher in 
DALK group, 39.5 % versus 13.8 %, 42.1 % versus 20.7 % and 47.4 % 
versus 24.1 %, respectively. The rate of good visual acuity during the 
4th and the 5th visits was also higher in DALK group in comparison 
with PKP group, 55.3 % versus 34.5 % and 68.4 % versus 41.4 %, 
respectively; however, the difference did not reach statistical signifi-
cance as p-values were 0.057 and 0.073, but these values are very close 
to the significance level of 0.05 and can be considered as borderline sig-
nificant values. (Table 2)

Another important outcome was rejection rate which was outlined 
in Table 3. Indeed, the rate of rejection (endothelial rejection) was rang-
ing from 10.3 % to 20.7 % in PKP group and form 2.6 % to 21.1 % in 
DALK group (stromal rejection). In the 2nd, 3rd and 4th visits, there was 
no significant difference in the rate of rejection between both groups (P 
> 0.05); however, there was significant difference in the rate of rejection 
during the last visit (P = 0.046), being lower in the DALK group, as 
shown in Table 3. 

Finally, intraocular pressure (IOP) was the last outcome included in 
the current study and its mean is shown in Table 5. Actually, there was 
no significant difference in mean IOP between PKP and DALK groups 
during all reviewed visits (P > 0.05), as shown in Table 4.

DISCUSSION

Corneal grafting is a relatively new technique that has been intro-
duced to ophthalmic clinical practice in Iraq, particularly in the mid-Eu-
phrates region. Indeed, most patients were subjected to these operations 
outside the country until recently. Here in Al-Najaf province, two types 

of techniques were practiced since 2014 and a good pool of patients has 
registered records in our private center. In order to compare PKP graft-
ing technique to DALK grafting technique, we reviewed the records of 
67 patients since 2014 till time of conducting this paper.

DALK appear to be better than PKP in terms of significantly better 
visual acuity and less rate of rejection. In addition, there was no signifi-
cant difference in mean IOP between both groups during all period of 
follow up. One on meta-analysis studies has shown that the rate of 
rejection was higher in PKP in comparison with lamellar type opera-
tions (Akanda et al., 2013). The most acceptable explanation for the less 
rate of rejection cause by DALK operation may be in the form of lack of 
donor endothelial cells and lack of cells in the stromal tissue (merely 
collagen fibers) and less removal of host tissue leading to less immune 
response and less inflammatory reaction in case of lamellar types opera-
tion in comparison with full thickness grafts (Akanda et al., 2013; Price 
et al., 2013). 

In our study, the best corrected visual acuity (BCVA) of DALK 
patients was significantly better than that of PKP patients in accordance 
with the finding of a previous meta-analysis study (Liu et al., 2015). A 
number of previous reports have contrasted PKP versus DALK with 
respect to visual acuity with conflicting results (Fontana et al., 2007; 
Al-Torbak et al., 2006; Fogla and Padmanabhan, 2006). Some authors 
have shown, in contrary to our results, that DALK is associated with 
poorer visual acuity in comparison to PKP operation (Fogla and 
Padmanabhan, 2006; Benson et al., 1993; Archila, 1984). On the other 
hand, other authors have shown that there was no significant difference 
in the good visual acuity when DALK was contrasted to PKP (Saini et 
al., 2003; Coombes et al., 2001; Sugita and Kondo, 1997). Variation in 
technical skills may be one possible explanation to variation in visual 
acuity in different studies. 

CONCLUSION

In conclusion, our study has shown that DALK is superior to PKP 
because of technically more stable globe (presence of Descemet's mem-
brane and endothelium) so suturing stability will play apart in such sta-
ble globe, less rate of rejection (merely stromal rejection which is less 
effective on graft survival) and better visual acuity results with lack of 
significant difference in post operative mean IOP.
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