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Background
Penetrating keratoplasty (PK) has been a main 
surgical procedure for corneal transplantation 
since early 1990.1 Improvements in graft prepara-
tion and developments in technology have 
increased the indications for selective lamellar 
techniques, which are less invasive. These include 
deep anterior lamellar keratoplasty (DALK) and 

Descemet membrane endothelial keratoplasty 
(DMEK).2

Intraocular pressure (IOP) measurement is an 
important part of ocular examination, especially 
after a surgical intervention in the anterior seg-
ment, which can affect aqueous humor flow 
dynamics.3 Increased IOP and glaucoma are 
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Abstract
Background: Corneal transplantation surgery is associated with an increased risk of 
intraocular pressure (IOP) elevation. Increased IOP may cause irreversible vision loss and 
graft failure.
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postoperatively at hour 24, week 1, and month 1. IOP measurements were repeated at 
postoperative hours 6 and 24, week 1, and month 1 by Tono-Pen XL.
Results: In total, 22 patients underwent PK, 12 patients underwent DALK, and 19 patients 
underwent DMEK. The difference between the IOP preoperatively and postoperatively hour 6, 
and between the IOP preoperatively and postoperatively hour 24 was statistically significant 
in the three types of surgery (p < 0.05 for each). The difference between preoperative and 
postoperative week 1 IOP was statistically significant only in the PK group (p = 0.023). When the 
IOP was compared between the three types of surgeries, the IOP at postoperative week 1 in 
the PK group was significantly higher than the DALK and DMEK groups (p = 0.021). There was 
no correlation between ACD, CT, K values, and IOP in any group.
Conclusion: IOP may increase in all types of keratoplasty during the first hours after surgery, 
but PK has a risk of high IOP longer in the early postoperative period. PK patients should be 
followed more carefully during postoperative week 1 to check for an increase in IOP.
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known postoperative complications that occur in 
up to one-third of eyes after corneal transplanta-
tion surgery.3 It is important to measure IOP 
accurately after keratoplasty because increased 
IOP can cause irreversible visual field loss, 
endothelial cell loss, decreased vision, and graft 
failure due to endothelial dysfunction.2

Both lamellar and PK procedures, which replace 
part of the recipient’s corneal tissue with donor 
corneal tissue, may lead to significant anatomical 
changes to the cornea and anterior chamber 
structures.4 Changes in the corneal thickness 
(CT) and curvature after corneal transplantation 
where corneal morphology is altered have an 
impact on IOP measurements. Lamellar tech-
niques, such as DALK and DMEK, which have 
additional stromal tissue and an interface between 
host and graft tissue, may have a different signifi-
cance on IOP measurements in terms of corneal 
parameters.3

In this study, we aimed to evaluate early IOP 
changes following keratoplasty that is performed 
using different techniques and to investigate the 
relationship between corneal and anterior cham-
ber parameters and IOP changes.

Methods
In this prospective observational study, we 
included consecutive patients who underwent 
PK, DALK, or DMEK at the Cornea Department 
at our hospital between August 2020 and January 
2021. Written informed consent to use their data 
was obtained from all patients in accordance with 
the Declaration of Helsinki. Approval was 
received from the University of Health Sciences 
Turkey Prof Dr Cemil Taşcıoğlu City Hospital 
Ethics Committee for the study (Decision No. 
329) in August 2020.

Each patient’s data included sex, age, eye lateral-
ity, indication for surgery, lens status, preopera-
tive best corrected visual acuity (BCVA) via 
Snellen chart, IOP, presence of glaucoma, pres-
ence of anterior or posterior synechiae, anterior 
chamber depth (ACD), CT, and keratometry 
(K1, K2, and Kaverage) values that were recorded 
preoperatively. The type of surgical procedure 
and graft diameter were recorded as intraopera-
tive data. Patients who had additional kerato-
plasty procedures, patients with incomplete study 
parameter data, and patients with intraoperative 
complications were excluded from the study. 

BCVA, ACD, CT, and keratometry measure-
ments were repeated postoperatively at hour 24, 
week 1, and month 1. IOP measurements were 
repeated postoperatively at hours 6 and 24, week 
1, and month 1. IOP was measured at each visit 
using a Tono-Pen XL (Reichert Technologies, 
Buffalo, NY, USA) tonometer. If a patient was 
prescribed antiglaucoma medication, it was 
recorded. The ACD was measured using anterior 
segment optical coherence tomography (Visante 
OCT; Carl Zeiss Meditec, Dublin, CA, USA). 
Keratometry (K1, K2, and Kaverage) and CT 
were measured using Sirius corneal topography 
and the abberometry system (Costruzioni 
Strumenti Oftalmici, Florence, Italy).

Surgical techniques
All surgeries were performed by experienced sur-
geons (Y.Y., N.K.B., S.G., A.K., and A.A.) in 
the Cornea Unit of our hospital, and the patients 
were under general anesthesia or retrobulbar 
anesthesia.

Penetrating keratoplasty
For all patients, the donor cornea was obtained 
within 6 h after death, and it was stored in Optisol 
solution at 4°C and used within 72 h. The donor 
cornea was prepared by cutting the endothelial 
side using a punch trephine (Barron Hessburg, 
Missouri, ABD) that was 0.25 mm larger than the 
recipient bed, and the recipient bed was cut using 
a vacuum trephine. Graft sizes were determined 
according to the size of the recipient corneal 
pathology. The donor cornea was sutured to the 
recipient bed using 16 single 10-0 nylon suture. 
The anterior chamber was created using a bal-
anced salt solution after surgery, and subconjunc-
tival gentamicin (20 mg) and dexamethasone 
(4 mg) were administered postoperatively.

Donor preparation for DMEK or DALK
The donor cornea’s endothelium was partially 
detached from the stroma, and the donor cornea 
was cut using a donor corneal punch. The 
Descemet membrane side of the endothelial com-
plex was marked with a capital letter. After a full-
thickness cut, the previously detached end of the 
endothelium was held with tying forceps, and 
entire endothelium was peeled from the donor 
stroma. The endothelial graft was transferred to 
the Optisol corneal storage medium. The 
endothelial tissue was either transplanted into a 
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DMEK recipient on the same day or stored in an 
eye bank for a delayed endothelial transplant. 
The DALK surgery was performed using the 
remaining stroma.

DALK procedure
Under general or retrobulbar anesthesia, after 
marking the geometric center of cornea, the cor-
neal stroma was incised using an adjustable tre-
phine (Moria, Antony, France), and 80–90% of 
the thinnest measured CT that was obtained from 
corneal topographic imaging and the incised 
recipient bed was stained using trypan blue. A 
blunt probe was inserted at the base of the trephi-
nation and advanced centripetally while main-
taining the depth that was achieved with 
trephination. Then, a 30G needle on a 5-cc injec-
tor with air inside was bent to 80° from its proxi-
mal 2/3 while the needle was in the bevel-down 
position. The needle was advanced through the 
stroma in close proximity to the Descemet mem-
brane until the marked center of cornea. Air was 
injected carefully to separate the strands using the 
air bubbles in the stromal bed. A large bubble was 
formed. A corneal side port was created using a 
20G MVR knife, and carbachol (Miostat, Alcon, 
Belgium) was injected intracamerally after remov-
ing a small amount of aqueous humor to provide 
miosis. The anterior stroma was dissected and 
removed in a lamellar manner, and a 20G MVR 
was used to open the bubble. Viscoelastic mate-
rial was injected through a slit to carefully excise 
the remaining stroma. Blunt scissors were used to 
enlarge the slit, and corneal scissors were used to 
complete the excision of the deep corneal stroma. 
The recipient bed was then thoroughly irrigated 
to remove all viscoelastic and debris. The donor 
anterior lamellar graft was sutured onto the recip-
ient bed with 16 interrupted 10-0 nylon sutures.

DMEK procedure
Under general or local anesthesia, four paracente-
sis sites at 2, 4, 6, and 10 o’clock limbus and a 
temporal corneal incision were created, and the 
anterior chamber was slowly filled with air using 
an anterior chamber maintainer. The disorgan-
ized central epithelium was stripped and removed. 
Descemetorhexis was performed by removing the 
central 8 mm of dysfunctional corneal endothe-
lium using a reverse Sinskey hook. A peripheral 
iridotomy was created to prevent pupillary block 
using an anterior vitrectomy probe. The Descemet 
membrane endothelium complex scroll (DE) 

from the donor cornea was stained with trypan 
blue and placed into a custom-made injector. 
The DE complex was injected into the anterior 
chamber, and the main corneal incision was 
sealed using a 10-0 nylon suture. The DE com-
plex was unfolded carefully after making a shal-
low anterior chamber. A sulfur hexafluoride 
(SF6) 20% bubble was injected to fill 80–90% of 
the anterior chamber to ensure adhesion of the 
DE complex to the recipient cornea. The corneal 
mark was checked for the correct position of the 
DE complex. Postoperatively, the patient was 
kept in the supine position for at least 30 min and 
was then transferred to his or her bed.

Postoperative follow-up
In the postoperative period, topical 1% predniso-
lone acetate (Pred Forte, Allergan, Dublin, 
Ireland) was applied eight times a day in PK 
patients and six times a day in DALK and DMEK 
patients. After 1 week, use of these drops was 
adjusted according to the ocular surface and the 
graft status using postoperative controls. Dosing 
of prednisolone was reduced for 6–12 months. 
Moxifloxacin ophthalmic drops (Vigamox 0.5%; 
Alcon) were applied five times a day during the 
first week for all patients. Preservative-free artifi-
cial tears were prescribed to be used for at least 
1 month postoperatively. Loose and ruptured 
sutures were removed as soon as they were 
detected.

Statistical analysis
All statistical analyses were performed using 
SPSS 20.0® for Windows (IBM Corporation, 
Armonk, NY). Descriptive statistics included the 
mean ± standard deviation (SD), percentage, 
minimum (min), and maximum (max) for nor-
mally distributed variables. Distribution of varia-
bles was measured with Kolmogorov–Smirnov 
test. For quantitative analysis, the dependent-
sample t-test was used for normally distributed 
variables, and the Wilcoxon signed-rank test was 
used when the measurements did not fit the nor-
mal distribution. To compare the measurements 
between groups, Kruskal–Wallis test was per-
formed and post hoc test Tukey’s B was used to 
compare the means between the groups. The 
Pearson correlation analysis was used for nor-
mally distributed variables, and the Spearman 
correlation analysis was used when the measure-
ments did not fit the normal distribution. 
Multivariate linear regression analysis was 
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performed to evaluate the relationship between 
corneal parameters, ACD, and IOP. A p-value 
less than 0.05 was considered to be significant.

Results
The study included 53 eyes from 53 participants 
[26 females (49.1%), 27 males (50.9%)], and the 
patients’ mean age was 50.4 ± 21.4 (11–83) years. 
In total, 24 patients (45.3%) had involvement of 
the right eye, while 29 patients (54.7%) showed 
involvement of the left eye. Moreover, 6 patients 
(11.3%) were aphakic, 25 patients (47.2%) were 
phakic, and 22 patients (41.5%) had a posterior 
chamber intraocular lens (IOL). All aphakic 
patients were in the PK group. One of the PK 
patients (4.5%) had anterior synechiae and one of 
the PK patients (4.5%) had posterior synechiae 
preoperatively. Two patients in the PK group and 
two patients in the DMEK group had glaucoma 
(four patients overall, 7.5%), which was con-
trolled by medication, and two patients (3.8%) in 
the PK group had low-risk ocular hypertension 
(OHT) that did not require treatment 
preoperatively.

Overall, 22 (41.5%) patients underwent PK, 12 
(22.6%) patients underwent DALK, and 19 

(35.8%) patients underwent DMEK. Seven 
(31.8%) PK patients had a corneal scar, one 
(4.5%) patient had corneal dystrophy, five 
(22.7%) patients had corneal ectasia, five (22.7%) 
patients had bullous keratopathy, and four 
(18.2%) patients had graft rejection. All DALK 
procedures were performed due to keratoconus, 
and all DMEK surgeries were performed due to 
Fuchs’ corneal dystrophy. The mean graft diam-
eter was 7.79 ± 0.29 (7.25–8.50) mm. Two 
patients (10.5%) in DMEK group underwent 
rebubbling at postoperative Day 1, and measure-
ments were started after rebubbling.

The preoperative values and postoperative hour 
24, week 1, and month 1 values for BCVA, IOP, 
ACD, CT, K1, K2, and Kaverage, and IOP at 
hour 6 for all patients are presented in Table 1.

Overall, 40 (75.5%) patients at postoperative 
hour 6, 24 (45.3%) patients at postoperative hour 
24, 13 (24.5%) patients at postoperative week 1, 
and eight (15.1%) patients at postoperative 
month 1 had an IOP that was greater than 
21 mmHg. Antiglaucoma medications were initi-
ated in six (27.3%) patients in the PK group, 
three (25%) patients in the DALK group, and 
four (21.1%) patients in DMEK group. The 

Table 1. The preoperative and postoperative sixth hour IOP and 24th hour, first week and first month BCVA, 
IOP, ACD, corneal thickness, K1, K2, and Kaverage values of all patients.

Preoperative Postoperative

6th hour 24th hour First week First month

BCVA (decimal) 0.057 ± 0.079
(0.001–0.4)

0.071 ± 0.08
(0.001–0.4)

0.13 ± 0.15
(0.001–0.7)

0.22 ± 0.21
(0.001–0.8)

IOP (mmHg) 14.9 ± 2.6
(10–25)

27.8 ± 9.7
(12–54)

20.67 ± 6.43
(10–34)

17.35 ± 6.3
(10–38)

16.77 ± 6.52
(8–39)

ACD (mm) 3.86 ± 0.47
(2.67–4.55)

3.51 ± 0.86
(1.99–5.17)

3.53 ± 0.55
(2.43–4.56)

3.73 ± 0.51
(2.86–4.1)

Corneal 
thickness (µ)

424.74 ± 181.63
(207–906)

591.67 ± 133.77
(324–967)

533.71 ± 53.54
(447–643)

509.29 ± 49.03
(406–602)

K1 53.04 ± 9.28
(38.87–70.17)

44.18 ± 6.73
(20.97–46.29)

38.08 ± 8.23
(13.36–45.58)

39.14 ± 7.19
(16.71–45.53)

K2 57.80 ± 9.79
(44.18–72.25)

44.59 ± 5.25
(30.94–56.84)

44.65 ± 6.44
(29.7–56.8)

44.29 ± 5.86
(29.98–59.22)

Kaverage 55.13 ± 9.41
(41.36–70.49)

41.31 ± 5.89
(25.64–48.74)

40.59 ± 7.36
(21.09–48.74)

41.38 ± 6.36
(21.46–49.48)

ACD, anterior chamber depth; BCVA, best corrected visual acuity; IOP, intraocular pressure.
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mean time for initiating medication was 
10.92 ± 9.83 (2–30) days, and the mean IOP was 
29.38 ± 5.07 (22–39) mmHg when medications 
were initiated. The mean number of antiglau-
coma medications that were used at honth 1 was 
1.32 ± 0.6 (1–3). One antiglaucoma medication 
was added for one patient who had preoperative 
glaucoma and who had been using two antiglau-
coma medications preoperatively when their IOP 
increased to 26 mmHg at postoperative week 1. 
There were no statistically significant differences 
in postoperative IOP changes at hours 6 and 24, 
week 1, and month 1 between patients with and 
without preoperative glaucoma or OHT (p > 0.05 
for each). None of our patients needed glaucoma 
surgery, and postoperative pupil block did not 
occur in any patient during follow-up.

Postoperative IOP values were analyzed accord-
ing to an increase above 5 mmHg, which was 
compared to the preoperative IOP. The results 
for patients with an increase above 5 mmHg were 
as follows: 20 (83.3%) patients in the PK groups, 
8 (66.7%) patients in the DALK group, and 14 
(73.7%) patients in the DMEK group at postop-
erative hour 6; 15 (62.5%) patients in the PK 
groups, 7(58.3%) patients in the DALK group, 
and 9 (47.4%) patients in the DMEK group at 
postoperative hour 24; 7 (29.2%) patients in the 
PK groups, 1 (8.3%) patients in the DALK 
group, and 4 (21.1%) patients in the DMEK 
group at postoperative week 1; and 7 (29.2%) 
patients in the PK groups, no patients in the 
DALK group, and 4 (21.1%) patients in the 
DMEK group at postoperative month 1. When 
the frequency difference between the groups was 
evaluated, there was no statistically significant 
difference (p > 0.05 for each).

When the IOP, corneal parameters, and ACD 
were compared between the three types of surger-
ies, the IOP at postoperative week 1 in the PK 
group was significantly higher than the DALK 
and DMEK groups (p = 0.021). However, there 
was no significant differences in IOP values at 
hours 6 and 24, and month 1 between the kerato-
plasty types (p = 0.237, p = 0.165, p = 0.404, 
respectively). When week 1 and month 1 corneal 
parameters were evaluated, K1 and Kaverage val-
ues were significantly lower in the PK group com-
pared to the DMEK group (p = 0.031, p = 0.041). 
ACD values were significantly higher in the 
DALK group preoperatively and in the DMEK 
group at postoperative hour 24, week 1, and 
month 1 (p = 0.027, p < 0.05, p = 0.044, p = 0.049, 

respectively; Table 2). There was no significant 
difference in the time of antiglaucoma medication 
initiation and the number of medications between 
the three keratoplasty techniques (p = 0.672, 
p = 0.639; Table 2).

The difference in IOP and ACD values between 
preoperative and postoperative follow-ups was 
evaluated separately in three types of surgery. 
The difference between the IOP preoperatively 
and 6 h postoperatively and between the IOP pre-
operatively and 24 h postoperatively were statisti-
cally significant in the three types of surgery 
(p < 0.05 for each). The difference between pre-
operative and postoperative week 1 IOP was sta-
tistically significant only in the PK group 
(p = 0.023), and the difference between IOP pre-
operatively and 1 month postoperatively was not 
significant in any group (p > 0.05 for each). There 
was a significant increase in ACD in the DMEK 
group and a significant decrease in the DALK 
and PK groups for all postoperative follow-ups 
compared with preoperative values (p > 0.05 for 
each; Table 3).

Multivariate linear regression analysis revealed 
that postoperative early IOP values were not cor-
related with ACD, CT, or K values in any group 
(Table 4).

Discussion
Increased IOP is an important clinical problem 
after corneal transplantation. Uncontrolled post-
operative IOP is a major risk factor that causes 
graft failure after PK.5 The rate of IOP increase 
after PK is higher than after lamellar keratoplast-
ies.3 Different studies have shown variable inci-
dences of elevated IOP after different keratoplasty 
techniques as follows: 9–37% following PK;5–8 
6.5–24% following DMEK;9–11 and 1.3–36.1% 
following DALK.12–14 This study aimed to pro-
vide new insight into the early changes in IOP in 
three different corneal transplantation surgeries 
(PK, DALK, and DMEK) and the effect of cor-
neal parameters and ACD on IOP changes. To 
the best of our knowledge, this is the first study 
that compares early changes in IOP in three dif-
ferent keratoplasty techniques.

There are many possible causes of increased IOP 
after corneal transplantation surgery, but the 
causes may be different according to the type of 
surgery. Causes, such as structural changes in the 
angle anatomy after graft and suture placement, 
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Table 2. The preoperative and postoperative BCVA, IOP, ACD, corneal thickness, K1, K2, and Kaverage values 
differences between PK, DALK, and DMEK groups.

PK DALK DMEK p

Postoperative BCVA

 Preoperative 0.029 ± 0.042
(0.001–0.16)

0.065 ± 0.83
(0.01–0.3)

0.084 ± 0.101
(0.01–0.3)

0.075

 First week 0.067 ± 0.058
(0.001–0.2)

0.136 ± 0.2
(0.08–0.7)

0.2 ± 0.17
(0.001–0.5)

0.015

 First month 0.143 ± 0.154
(0.001–0.7)

0.217 ± 0.137
(0.05–0.4)

0.361 ± 0.256
(0.016–0.8)

0.006

IOP (mmHg)

 Preoperative 15.5 ± 3.46
(10–25)

14.17 ± 0.94
(12–16)

14.68 ± 2.00
(10–19)

0.327

 6th hour 30.5 ± 9.16
(17–53)

25.18 ± 11.99
(12–54)

26.37 ± 8.63
(15–44)

0.237

 24th hour 22.5 ± 6.62
(10–34)

20.40 ± 5.97
(11–27)

18.68 ± 6.14
(10–30)

0.165

 First week 20.65 ± 5.82
(12–35)

15.70 ± 4.45
(12–27)

15.26 ± 6.54
(10–38)

0.04

 First month 17.67 ± 5.53
(10–33)

14.11 ± 3.02
(10–19)

15.88 ± 5.76
(10–32)

0.404

ACD (mm)

 Preoperative 3.70 ± 0.54
(2.67–4.30)

3.95 ± 0.34
(3.43–4.45)

3.58 ± 0.45
(3.01–4.18)

0.027

 24th hour 2.93 ± 0.67
(1.99–4.47)

3.12 ± 0.46
(2.53–4.03)

4.12 ± 0.77
(2.40–5.17)

<0.05

 First week 3.16 ± 0.54
(2.43–3.94)

3.35 ± 0.33
(3.00–4.03)

3.90 ± 0.50
(3.31–4.56)

0.044

 First month 3.19 ± 0.41
(2.69–3.76)

3.36 ± 0.22
(3.01–4.11)

3.85 ± 0.56
(2.86–4.51)

0.049

Corneal thickness (µ)

 24th hour 624.91 ± 135.4
(378–821)

535.16 ± 127.96
(324–689)

587.66 ± 135.34
(325–967)

0.42

 First week 537.67 ± 45.03
(466–617)

553.00 ± 90.50
(462–643)

523.33 ± 53.02
(447–612)

0.7

 First month 501.75 ± 37.17
(445–537)

551.50 ± 71.41
(501–602)

505.86 ± 57.14
(406–579)

0.454

K1

 First week 33.14 ± 10.31
(13.36–45.51)

43.01 ± 0.69
(42.57–43.80)

41.54 ± 3.28
(37.15–45.58)

0.031

 First month 35.71 ± 8.68
(16.71–44.76)

38.90 ± 5.08
(35.31–42.49)

43.12 ± 3.35
(35.69–45.53)

0.135

(Continued)
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peripheral anterior synechiae, inflammation, 
pupillary block, iritis, hemorrhage, vitreous in the 
angle, malignant glaucoma, retained viscoelastic, 
and long-term use of topical corticosteroid drops 
may increase the IOP after corneal transplantation 
surgery.1,3,14 Significant distortion of the angle, 
both anterior and posterior to the trabecular 
meshwork (TM), and the angle closure due to sig-
nificant structural changes are the most frequent 
causes of increased IOP after PK.1 Long and tight 
sutures that cause corneal edema and distortion of 
the TM anteriorly cause distortion anterior to the 
angle.1,15 Losing the fixation afforded by the cili-
ary body-lens system after keratoplasty causes the 
collapse of the angle posteriorly.1,15 Larger grafts 
may cause more angle distortion due to sutures.16 
Peripheral anterior synechiae secondary to PK, 
which occur at the time of surgery and slowly 
increase over time, lead to progressive angle clo-
sure glaucoma.1 Although steroid use and angle 
closure may be the reasons for the increase in IOP 
after DMEK, complications due to air injection, 
such as TM damage, that is caused by an interop-
erative high-pressure air bubble, postoperative 
pupillary block that is caused by an air bubble, 
repeated air injection due to donor tissue disloca-
tion, air migration posterior to the iris, and angle 

distortion by dislocated donor tissue may also 
contribute to the increase in IOP.1,17 Causes of 
IOP elevation after DALK may include pupil 

PK DALK DMEK p

K2

 First week 43.01 ± 8.52
(29.69–52.08)

51.18 ± 5.03
(47.21–56.84)

44.33 ± 2.39
(41.72–49.04)

0.153

 First month 42.49 ± 5.89
(29.98–48.52)

52.55 ± 9.43
(45.88–59.22)

43.99 ± 3.01
(37.31–59.22)

0.085

Kaverage

 First week 36.52 ± 9.39
(21.09–48.57)

46.65 ± 1.81
(45.44–48.74)

42.85 ± 7.36
(39.55–46.42)

0.041

 First month 38.64 ± 7.79
(21.46–46.56)

44.69 ± 6.77
(39.91–49.48)

43.56 ± 3.19
(36.48–45.97)

0.253

The time of 
antiglaucomatous 
medication initiation
(days)

11.5 ± 11.11
(2–30)

4.67 ± 2.51
(2–7)

14.75 ± 10.01
(5–30)

0.672

The number of 
medication initiated

1.38 ± 0.52
(1–2)

1 ± 0
(1–1)

1.4 ± 0.89
(1–3)

0.639

ACD, anterior chamber depth; BCVA, best corrected visual acuity; DALK, deep anterior lamellar keratoplasty; DMEK, 
descemet membrane endothelial keratoplasty; IOP, intraocular pressure; PK, penetrating keratoplasty.

Table 3. The significance of the difference in IOP and ACD values in follow-
ups in three types of surgery.

PK DALK DMEK

IOP changes

 Preop–postop 6th hour <0.05 0.014 <0.05

 Preop–postop 24th hour <0.05 0.013 0.018

 Preop–postop first week 0.023 0.332 0.708

 Preop–postop first month 0.157 0.685 0.422

ACD changes

 Preop–postop 24th hour 0.015 <0.05 0.042

 Preop–postop first week 0.016 0.045 0.048

 Preop–postop first month 0.011 0.03 0.04

ACD, anterior chamber depth; DALK, deep anterior lamellar keratoplasty; DMEK, 
Descemet membrane endothelial keratoplasty; IOP, intraocular pressure; PK, 
penetrating keratoplasty.

Table 2. (Continued)
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block by air, a swollen graft, and corticosteroid 
response, but the angle distortion is minimal 
because there is no graft–host junction or shallow-
ing of the anterior chamber.14 A corticosteroid-
associated increase in IOP is due to the inhibition 
of extracellular matrix degradation in the TM and 
the associated increase in outflow resistance.18 
Although the timing of the increase in IOP was 
reported to be mostly within 3–6 weeks after topi-
cal steroid use, an increase in IOP has also been 
reported as early as postoperative week 1.19–21 An 
advantage of DALK over PK is earlier discontinu-
ation of topical corticosteroids.22

The increase in IOP is theoretically lower after 
lamellar procedures, such as DMEK and DALK, 
which affect the structure of the angle minimally, 
preserve the structural integrity of the cornea, and 
reduce corneal edema because there are fewer 
sutures compared to PK.1,10 In contrast to PK, 
corneal anatomy may remain relatively the same 
after DMEK due to the absence of sutures and 
additional stroma in terms of corneal curvature 
(CC) and CT.23 Sharma and Varajjant observed 
significantly higher IOP in the PK group com-
pared with the Descemet striping endothelial ker-
atoplasty (DSEK) group, which was technically 
similar to DMEK.24,25 Sandhu et  al.26 observed 
the same rate of increase in IOP in the PK and 
DSEK groups, but 50% of the PK group and 25% 
of the DMEK group were patients with previous 
glaucoma, and most had undergone glaucoma 
surgery before keratoplasty. In our study, the rate 
of patients with previous glaucoma was 3.8% in 
the PK group and 3.8% in the DMEK group, and 
none of them had undergone glaucoma surgery 
before keratoplasty. Sharma et al.25 evaluated the 
difference in the IOP increase after DSEK and 
after PK, and they observed a significantly higher 
increase in IOP in the PK group at postoperative 
week 1, 4, 8, and 12. Stanzel et al.17 observed the 
increase in IOP in DMEK patients at postopera-
tive hours 1, 2, 3, 5, 12, and 24 and week 1, and 
they reported that the increase in IOP was signifi-
cantly higher than preoperative values at hours 1 
and 2 and then decreased to preoperative values at 
other follow-up visits. Borderie et al.27 compared 
the 5-year outcomes in DALK and PK patients 
who had increased IOP, and they reported 6% in 
DALK group and 26% in PK group, respectively. 
Zhang et  al.13 reported that the incidence of an 
increase in IOP was 1.3% and 46.2%, respec-
tively, in DALK and PK patients who were fol-
lowed for more than 5 years. Huang et  al.14 
reported an increase in IOP at a rate of 36.1%, Ta
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which was seen at an average of 48.9 days after 
DALK, but they also reported that this increase 
was transient and there was a low incidence of 
glaucoma at 5 years. In this study, when preopera-
tive and postoperative IOP changes were evalu-
ated, IOP values measured at postoperative hours 
6 and 24 were significantly higher than the preop-
erative IOP in three groups. The IOP values at 
postoperative hour 6 were approximately 
15 mmHg higher than the preoperative IOP in the 
PK group, 11 mmHg in the DALK group, and 
12 mmHg in the DMEK group; at postoperative 
hour 24, IOP values were approximately 7 mmHg 
higher than the preoperative IOP in the PK group, 
6 mmHg higher in the DALK group, and 4 mmHg 
higher in the DMEK group; however, there was 
no statically significant difference between groups. 
The IOP changes between preoperative and post-
operative month 1 were not statically significant in 
the three groups while the change between preop-
erative and postoperative week 1 was significant 
only in the PK group. In addition, we found a sig-
nificantly higher increase in the IOP in the PK 
group compared to the DALK and DMEK groups 
at week 1, but there was no significant difference 
in the IOP increase between groups at hours 6 and 
24, and month 1. This result may indicate that the 
increase in IOP remains at week 1 after PK, and 
that it may decrease to preoperative values at 
month 1 after PK and week 1 after DALK and 
DMEK. Although DMEK has a potential risk of 
an early increase in IOP because of an air bubble 
in the anterior chamber, our study showed that 
PK has more risk in the early period.

Sandhu et  al. observed a 30% increase in IOP 
above baseline and a rate of 39% in both PK and 
DSEK groups in their 1-year follow-up study. A 
higher percentage of patients with preoperative 
glaucoma were included in their study compared 
to our study.26 Stanzel et  al.17 observed an IOP 
above 30 mmHg postoperatively at a rate of 13% 
in the first 2 h and no increase at hours 3, 5, 12, 
and 24 and week 1 in DMEK patients. We evalu-
ated the frequency of postoperative IOP increase 
that was more than 5 mmHg compared to the 
preoperative IOP. We found that the frequency of 
this increase was higher in PK groups in all post-
operative follow-ups but the frequency difference 
between the groups was not statically significant.

A higher incidence of postoperatively increased IOP 
was also reported in eyes with preexisting glaucoma 
that underwent corneal transplantation surgery.1 
Although the number of patients with previous 

glaucoma/OHT was low, we did not find any differ-
ence in the increase in IOP between patients who 
did and did not have preexisting glaucoma or OHT 
in the early period after three types of surgery.

Astigmatism, CC, corneal hysteresis, and the 
presence of sutures may affect IOP measurement 
after keratoplasty.3 Although Goldmann applana-
tion tonometry (GAT) is the gold standard in 
IOP measurement, its use is limited, especially in 
the early period after keratoplasty.28 The Tono-
Pen has advantages, such as the possibility for its 
use on abnormal corneas due to its small applana-
tion area (1.00 mm), disposable covers that pre-
vent contamination, a digital readout that makes 
user bias minimal, good repeatability, and it is 
portable and easy to use.29

Tono-Pen showed that IOP may be higher in 
thicker and lower in thinner healthy corneas.30 
Salvetat et al.31 compared iCare and GAT meas-
urements in both healthy and post-keratoplasty 
eyes, and they found that CT significantly affected 
both GAT and iCare IOP measurements in 
healthy corneas, but not in post-keratoplasty eyes, 
which they evaluated in PK, DSEK, and DALK 
patients. In addition, the increased CT did not 
falsely elevate the IOP, which was measured using 
GAT both post-DSEK24,32,33 and post-DALK.31,34 
Maier et  al.9 reported a significant correlation 
between non-contact tonometer (NCT), iCare, 
and CT at months 1 and 3 postoperatively in 
DMEK patients, but there was no correlation 
between CT, GAT, and Dynamic Contour 
Tonometry (DCT). These results may indicate 
that the correlation depends on the type of IOP 
measurement device. Hugo et  al.2 claimed that 
the CT measurements were less reliable after 
lamellar keratoplasty due to interfaces and 
changes in the corneal shape. We evaluated the 
correlation between IOP that was measured using 
a Tono-Pen and CT, and there was no correla-
tion between them in the three types of surgery.

Salvetat et al.31 showed that the CC was inversely 
related to IOP, which were measured using iCare 
in only post-PK eyes but not in post-DSEK and 
DALK, and it was not related to the CC when it 
was measured using GAT in any group. 
Jóhanessen et  al.35 found a positive correlation 
between IOP that was measured using GAT, 
DCT, and CC. It was also reported that the mean 
keratometry results were not correlated with IOP 
measurements after DALK.1,34 Several studies 
have reported no statistically significant 
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relationship between CC and IOP in normal 
eyes.35–37 We found that week 1 IOP values were 
higher and week 1 K1 and Kaverage values were 
lower in the PK group. However, there were no 
significant correlations between IOP and K val-
ues. We think that corneal parameters may be 
unreliable due to reflex tear secretion that was 
caused by corneal irritation, graft edema, surface 
irregularity due to disruption of the mechanical 
integrity, remodeling of corneal tissue, variable 
graft-host interface mechanics, and suture place-
ment, especially in the early postoperative period.

ACD and keratometry values were reported to 
decrease significantly after PK due to tightened 
sutures, which straightened the cornea, and this 
effect increases with increased suture tension.4 
Onuchi et al.38 reported a significant increase in 
ACD and a posterior iris shift in patients at 
months 1, 3, 6, and 12 after DMEK surgery, 
which explained the ACD increase using the iris 
shift due to gas tamponade. ACD is known to 
increase depending on coning of the cornea in 
patients with keratoconus.39 In our study, the pre-
operative diagnosis of all DALK patients and five 
(22.7%) PK patients were keratoconus. We also 
found a significant decrease in postoperative week 
1 and month 1 after ACD values in DALK and 
PK patients and a significant increase in DMEK 
cases. However, there were no correlations 
between ACD and IOP in any group.

The limitations of our study are the lack of long-
term results, lack of corneal biomechanics evalu-
ation, and small number of patients in the DALK 
and DMEK groups. More frequent use of post-
operative steroid in the PK group may have 
affected IOP. Postoperative IOP in the early stage 
may be dependent on the degrees of intraocular 
inflammation; prospective studies with flaremeter 
can be useful to clarify this issue. One of the other 
limitations of our study is that the operations 
were performed by five different experienced sur-
geons. They performed the surgeries using the 
same techniques, but there may be minor differ-
ences between each surgeon. All aphakic eyes and 
one patient with preoperative anterior synechiae 
and one patient with preoperative posterior syne-
chiae were in the PK group and these conditions 
are known to predispose to glaucoma.

Conclusion
In conclusion, IOP may increase in all types of 
keratoplasty during the first hours after surgery, 

but the possibility of IOP increasing is higher with 
PK than with DALK and DMEK, and PK has a 
risk of high IOP values longer in the early postop-
erative period. There was no difference between 
the three types of keratoplasty in terms of an IOP 
increase in postoperative month 1. PK patients 
should be followed more carefully during postop-
erative week 1 to check for an increase in IOP. 
Although limited patient numbers, according to 
our results, there was no correlation between 
ACD, CT, K values, and IOP in any group. 
Prospective, comparative studies with longer fol-
low-up periods and with more patients are needed.
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