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Purpose: To ascertain the incidence, identify risk factors and calculate cumulative eff ect of risk factors in 
patients developing glaucoma following optical penetrating keratoplasty. Materials and Methods: We 
carried out retrospective analysis of 445 patients, those underwent optical PK and had a minimum follow 
up of 6 m. Data on post-operative intra-ocular pressure (IOP) recorded at 3, 6, 9, 12 and 18 m or more was 
analyzed. Various risk factors including age, sex, indications for penetrating keratoplasty, pre-existing 
glaucoma and type of surgical procedures performed were analyzed by using univariate analysis and logistic 
regression technique. Results: Ninety (21%) of eyes developed post-PK glaucoma. On applying logistic 
regression, age, sex, indication of surgery, pre-existing glaucoma were found to be signifi cant risk factors for 
the development of post-PK glaucoma (P < 0.05). Using logistic regression equation the cumulative risk of 
developing post-PK glaucoma in an individual patient can be calculated. Conclusions: Male patients, aged 
more than 40 years, having opaque grafts as an indication and with pre-existing glaucoma were found to be 
higher risk of developing post-PK glaucoma. Patients at higher cumulative risk for development of post-PK 
glaucoma may be closely monitored during follow-up.
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The introduction of new microsurgical techniques, availability 
of good quality donor corneas and adequate management of 
post keratoplasty astigmatism has greatly enhanced the visual 
outcome of corneal transplant surgery. Allograft rejection, 
ocular surface disease, recurrent herpes simplex keratitis and 
infective keratitis may compromise visual results in high-risk 
patients. In addition, post penetrating keratoplasty (PK) 
glaucoma may cause an irreversible damage to the optic nerve. 
An accelerated chronic endothelial cell loss following PK in 
glaucoma eyes may result in graft failure.[1] The complexity of 
post-PK glaucoma lies in the inherent diffi  culty in detecting, 
monitoring and treating this often-silent problem.

Post-PK glaucoma refers to an elevation of intraocular 
pressure (IOP) to greater than 21 mm of Hg with or without 
associated visual fi eld loss or optic nerve changes.[2] IOP rise 
following penetrating keratoplasty has been reported as a 
biphasic phenomenon. Following PK immediate rise within 
days to few weeks has been reported in 9 to 31% cases.[3-6] In most 
cases, the acute elevation of IOP is transient and returns to normal 
levels within one to two weeks of the treatment.[7] However, it 
is the persistent rise of IOP that causes a major concern. In the 
literature, 18 to 42% incidence of late onset post-PK glaucoma 
has been reported.[3,4,8-11]

In most studies aphakia, preoperative glaucoma, repeat 
grafts, combined cataract extraction with PK and concomitant 
anterior vitrectomy have been identifi ed as the risk factors for 

development of glaucoma.[3-6,10-12] It is not certain whether the 
recent introduction of improved microsurgical techniques, 
effective management of vitreous loss and control of 
pre-existing glaucoma have altered the prevalence of post-PK 
glaucoma. Medical therapy remains the key in the management 
of post-PK glaucoma. However, trabeculectomy with or 
without mitomycin C, glaucoma fi ltering surgery with Ahmed 
glaucoma valve and cyclophotocoagulation procedures have 
been advocated for medically uncontrolled glaucoma.[14-18]

Reports on epidemiological data on post-PK glaucoma from 
developing countries are limited.[11] The cumulative eff ect of 
the various predisposing factors on development of post PK 
glaucoma in an individual patient has not been evaluated. The 
purpose of our study is to investigate the incidence, time of 
onset, identifi cation of risk factors, evaluation their cumulative 
eff ect and report on treatment outcome of late onset post-PK 
glaucoma.

Materials and Methods
After obtaining approval from the Cornea Centre Institution 
Review Board, a retrospective, non comparative case 
series was conducted with adherence to the Declaration of 
Helsinki. Consecutive patients who underwent optical PK 
in the Cornea Centre from January 2002 to March 2011 were 
included in this retrospective study. Patients having IOP 
greater than 21 mmHg on two diff erent visits after surgery, 
with or without associated disc and/or visual fi eld changes, 
were diagnosed to have post-PK glaucoma in the study. 
Patients who had raised IOP in the immediate postoperative 
period were labeled as post-PK glaucoma only if the rise in 
IOP persisted beyond three weeks after the surgery. Patients 
with IOP controlled 21 mmHg or lower with topical medication 
before surgery (pre-existing glaucoma), but IOP was greater 
than 21 mmHg after PK and needed further intervention 
(oral acetazolamide or surgical procedure for glaucoma) 
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were also labeled as post PK glaucoma. A total 468 patients 
were identifi ed. Fourteen patients with incomplete records or 
post-operative follow up of less than 6 m were excluded. Nine 
patients who had undergone trabeculectomy for glaucoma 
prior to optical PK were also excluded. Four hundred and 
forty fi ve eyes (445 patients) were included in this retrospective 
study.

Data on demographic profi les of the patients, indications 
for surgery, type of surgical procedure and additional 
surgical procedures such as iridoplasty, goniosynechiolysis, 
concomitant cataract extraction, intraocular lens (IOL) 
implantation, IOL exchange and anterior vitrectomy was 
retrieved from the corneal transplant data bank. Information 
on age, sex, pre and post operative IOP and details of post 
operative management was also extracted. Patients in our 
Cornea Centre undergo a complete ophthalmic examination 
including slit lamp biomicroscopy, IOP recording, retinal 
evaluation and ultrasonography before considering PK. 
We record the corneal lesions using standard color-coded 
documentation and slit lamp photographs before undertaking 
optical PK. Patients having concomitant corneal pathology and 
cataract were considered for a combined PK, extra capsular 
cataract extraction and PCIOL implantation (corneal triple 
procedure). Patients suff ering from pseudophakic bullous 
keratopathy (PBK) underwent PK, goniosynechiolysis, 
iridoplasty, anterior vitrectomy, and IOL exchange. These 
patients were grouped into PK with concomitant anterior 
segment reconstruction. We implanted posterior chamber IOLs 
in eyes with adequate posterior capsular support and scleral 
fi xated IOLs in eyes with absent posterior capsular support. 
Patients having aphakic bullous keratopathy (ABK) underwent 
similar procedure with either secondary posterior chamber IOL 
or scleral fi xated IOL implantation. Patients having pre-existing 
glaucoma were controlled (IOP < 21 mmHg) prior to PK. Those 
requiring 3 or more topical anti glaucoma drugs and/or tab. 
acetazolamide were subjected to glaucoma fi ltration surgery. 
On each follow up visit the best corrected visual acuity, IOP, 
keratometry, refraction, ocular surface problems and graft 
rejection were recorded in the cornea clinic database.

A single surgeon (AS) had performed all PK procedures. 
Donor corneas were preserved in MK medium and used 
within 72h of preservation time. We used disposable corneal 
trephines (7.5 mm) to trephine host cornea and endothelial 
punch (8.0 mm) to obtain donor bu  on. Sodium Hyaluronate 
0.1% (Healon, Pharmacia and Upjohn A, B, Uppasala, Sweden) 
was used to protect corneal endothelium. A combination of 
8 interrupted sutures and a 16 bite continuous suture (10 ‘0’ 
monofi lament nylon, Alcon Surgical) was used for wound 
closure. Sixteen interrupted sutures were used to secure donor 
bu  ons in vascularised corneas. At the end of the surgery 
sodium hyaluronate was irrigated out of the anterior chamber. 
A subconjunctival injection containing gentamicin (20 mg) 
and dexamethasone (4 mg) was given at the completion of the 
surgery. A sterile pad and patch was applied.

All the patients were put on topical prednisolone 
accetate (0.1%) six times, gatifl oxacin (0.3%) four times and 
cyclopentolate hydrochloride (1%) three times a day in the post 
operative periods. Tab. prednisolone (1 mg/kg body weight) 
was prescribed post operatively in patients having a high risk 
of graft rejection due to deep vascularization and previous 

opaque grafts. Patients having severe post operative uveitis were 
also given oral prednisolone. Patients having IOP more than 
21 mmHg within 3 weeks were given timolol maleate (0.5%) 
eye drops twice a day. We used timolol maleate (0.5%), as the 
fi rst line drug; topical acetazolamide or topical brimonidine 
purite (0.15%) and latanoprost (0.005%) as second line of drugs. 
Patients in whom IOP could not be controlled with topical 
medication were given tab. acetazolamide 250 mg every 8 hours. 
We monitored patients corneal epithelial healing, post operative 
uveitis and IOP during the early post operative period. Later we 
monitored these patients for IOP rise, graft rejection, infective 
keratitis, post PK astigmatism and cystoid macular edema.

Post operative IOP was recorded using Goldman applanation 
tonometer once corneal epithelial defect has healed during fi rst 
week, at weekly intervals for 3 weeks, every month for three 
month and every three months thereafter. Visual fi elds and 
gonioscopy were performed whenever needed or possible. 
Optic disc evaluation was done with the 90 D lens using 
slit lamp biomicroscopy. Details of IOP lowering drugs and 
surgical management when needed were also recorded.

Data analysis
Univariate and multivariate analyses were performed using 
the IBM SPSS package (Version 20.0) to identify potential 
risk factors and investigate their association with post-PK 
glaucoma. In order to quantify risk of various factors, the 
multiple logistic regression analysis was applied and a P value 
of 0.05 or less was considered signifi cant.[19] Using forward 
maximum likelihood method, we also derived an equation to 
predict the cumulative eff ect of risk factors on development 
of post PK glaucoma in an individual patient. The following 
multiple logistic regression model in its general form was 
applied to predict risk of post-PK glaucoma.

z=β0+β1V1+…+ βkVk, (1)

is an index representing combination of k risk factors in 
terms of V’s.

All the fi ve risk factors which were signifi cant in univariate 
analysis [Table 1], viz. age (V1), Sex (V2), indications 
of surgery (V3), pre-existing glaucoma (V4) and type of 
surgery (V5) were included into the logistic model. We 
observed independent variable V1, V2, V3, V4, and V5 on a 
sample of 445 eyes, for which we also determined post PK 
glaucoma status, as either “1” if with post-PK glaucoma or “0” if 
without post PK glaucoma. In logistic regression model, we used 
this information to quantify the eff ect of various risk factors for 
development of post PK glaucoma in an individual. On applying 
the logistic model to our data, only four factors (excluding V5) 
were signifi cant and the following equation was obtained:

Z = -2.595 + 1.33*V1 − 0.760*V2 − 0.251*V3 + 4.670*V4 (2)

The value of Z can be computed after substituting the values 
of V1, V2, V3 and V4 in equation (2), and then the predicted 
risk can be obtained from equation (1).

Results
Four hundred and forty fi ve eyes having undergone optical 
PK satisfi ed the inclusion criteria in this study. Three hundred 
and three (68.1%) were male and 142 (31.9%) were female. The 
mean age of the patients was 56.5 (range 14 to 84) years. The 
indications for PK included aphakic or pseudophakic bulbous 
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keratopathy in 129 (29%) eyes, corneal opacity in 126 (28.3%) 
eyes, adherent leukoma in 72 (16.2%) eyes, previous opaque 
graft in 61 (13.7%) eyes and corneal dystrophy 57 (12.8%) 
eyes. Forty four (9.9%) eyes had pre-existing glaucoma 
and 401 (90.1%) eyes did not have pre-existing glaucoma. 
Three hundred and four (68.3%) eyes underwent PK alone, 
92 (20.7%) eyes underwent cornea triple and 49 (11.0%) 
eyes underwent PK with concomitant anterior segment 
reconstruction [Table 1].

Of the 445 eyes, 90 (21%) developed post PK glaucoma 
over a mean 32 (range 6 to 108) m follow-up [Fig. 1]. Of 
132 patients aged ≤40 years 18 (13.6%) developed post PK 
glaucoma, whereas of 313 patients aged >40 years 72 (23%) 
developed post PK glaucoma (P = 0.025). Of the 303 male 
patients 70 (23.10%) and of the 142 female patients 20 (14.08%) 
developed post PK glaucoma (P = 0.027). Of the 72 eyes with 

Table 1: Univariate analysis of risk factors and odds ratio for post penetrating glaucoma

Risk factors and codes Total Controls (%) Cases (%) Chi-square (P value) Odds ratio + (C.I)

Age (V1) ≤40 (V1=1) 132 114 (86.4) 18 (13.6) 5.049 (0.025) 1.89 (1.08-3.32)

>40 (V1=2) 313 241 (77.02) 72 (23.01)

Sex (V2) Male (V2=1) 303 233 (76.90) 70 (23.10) 4.873 (0.027) 0.56 (0.32-0.94)

Female (V2=2) 142 122 (85.92) 20 (14.081)

Indications for surgery (V3)

Adherent leucoma (V3=1) 72 53 (73.61) 19 (26.39) 38.057 (0.0001) 3.41 (1.54-7.53)

Corneal destrophy (V3=2) 57 56 (98.25) 1 (1.75) 0.17 (0.02-1.34)

ABK/PBK* (V3=3) 129 94 (72.87) 35 (27.13) 3.54 (1.74-7.20)

Opaque graft (V3=4) 61 38 (60.53) 23 (39.47) 5.75 (2.61-12.65)

Corneal opacity (V3=5) 126 114 (90.48) 12 (9.52) Reference category

Pre-existing glaucoma (V4)

Absent (V4=1) 401 351 (87.53) 50 (12.47) 151.20 (0.0001) 70.2 (24.09-204.59)

Present (V4=2) 44 4 (9.09) 40 (99.91)

Type of surgery (V5)

PK** alone (V5=1) 304 241 (79.28) 63 (20.72) 8.636 (0.013) Reference category

Corneal triple (V5=2) 92 81 (88.04) 11 (11.96) 0.52 (0.26-1.03)
PK+A S R*** (V5=3) 49 33 (67.35) 16 (32.65) 1.86 (0.96-3.58)

+: Computed using multiple logistic regression, *ABK/PBK: Aphakic bullous keratopathy/pseudophakic bullous keratopathy, **PK: Penetrating keratoplasty,
***A S R: Anterior segment reconstruction
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Figure 1: Survival curve showing percentage of eyes without post-PK 
glaucoma
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Figure 2: Distribution of eyes with post-PK glaucoma in relation to 
time intervals  between PK and onset of glaucoma

adherent leukoma 19 (26.39%), of the 57 eyes with corneal 
dystrophy 1 (1.75%), of the 129 eyes with ABK/PBK 35 (27.13%), 
of the 61 eyes with opaque graft 23 (39.47%), and of the 126 
eyes with corneal opacity 12 (9.52%) developed post PK 
glaucoma (P = 0.0001) [Table 1].

Considering the type of surgery, of the 304 eyes 
those underwent PK alone 63 (20.72%),  of  the 92 
eyes those underwent cornea triple 1 (11.96%) and 
of the 49 eyes those underwent concomitant anterior 
segment reconstruction16 (32.65%) developed post PK 
glaucoma (P = 0.013) [Table 1].

The time interval between PK and detection of raised IOP 
for the fi rst time is represented in the bar diagram [Fig. 2]. The 
mean time interval for the development post PK glaucoma was 
5.7 (range 3 to 38) [Fig. 3]. Of the 90 eyes, 87 (97%) developed 
post PK glaucoma within 12m of optical PK.
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Univariate analysis revealed that all the five variables 
including age (V1), sex (V2), indications of surgery (V3), 
pre-existing glaucoma (V4) and type of surgery (V5) as signifi cant 
risk factors for development of post-PK glaucoma [Table 1]. 
All these fi ve signifi cant risk factors were included into the 
logistic model. However, on applying the logistic model to our 
data (445 eyes), only four factors including age (V1), sex (V2), 
indications of surgery (V3) and pre-existing glaucoma (V4) 
were found to be signifi cant. Of various indications, patients 
with opaque graft have nearly 6 times, ABK/PBK and adherent 
leukoma approximately three and half times more risk of 
developing post-PK glaucoma compared to those with corneal 
opacities (Odds ratio, Table 1). Patients with corneal dystrophy 
have approximately 6 times less risk of developing post-PK 
glaucoma compared to those with corneal opacities (Odds ratio, 
Table 1). Those patients who underwent PK with concomitant 
anterior segment reconstruction have almost twice risk 
compared to those who underwent PK alone developing post-PK 
glaucoma compared to those with corneal opacities (Odds ratio, 
Table 1). In addition one may obtain, the predicted cumulative 
risk of an individual from equation (1), after substituting the 
value of Z from equation (2). For example, a 48 years old (V1 = 2), 
female (V2 = 2), patient has an opaque graft (V3 = 3), without 
any history of pre-existing glaucoma (V4 = 1) and undergoes PK, 

has a predicted cumulative risk of 9% for the development of 
post-PK glaucoma. The same patient in presence of pre-existing 
glaucoma (V4 = 2) would have 92% predicted cumulative risk 
of developing post-PK glaucoma.

The classification table of multiple logistic regression 
shows that individual risk can be predicted with 88% accuracy 
using this model. We further plotted receiver operating 
characteristic (ROC) curve. ROC is based on the probabilities 
predicted by the model (1), as shown in Fig. 4. The sensitivity 
of this ROC is about 50% at  90% of specifi city.

Post-PK glaucoma was managed medically in 57 (63.33%) 
eyes, with trabeculectomy in 21 (24.33%) eyes, glaucoma fi ltering 
surgery with Ahmed Glaucoma Valve in 8 (8.89%) and with 
cyclodestructive procedures in 4 (4.45%) eyes [Figs. 5 and 6].

Discussion
The prevalence of post-PK glaucoma in our study (21%) is 
comparable to that reported in the literature.[3,4,8-11] Using 
multiple logistic regression analysis, we derived an equation 
to obtain the predicted risk of developing post PK glaucoma in 
an individual patient. As mentioned in the example, a patient 
with some specifi ed set of values of age, sex, opaque graft 

Figure 6: Post PK-glaucoma controlled with fi ltering surgery with 
Ahmed Glaucoma Valve (arrow = tube) in an eye that had undergone 
PK and concomitant anterior segment reconstruction

Figure 3: An eye developing post-PK glaucoma 38 m after surgery
Figure 4: Receiver operating characteristic curve

Figure 5: Post-PK glaucoma controlled with timolol maleate (0.5%) 
in an eye with regraft



594 I dian Journal of Ophthalmology Vol. 62 No. 5

and without history of pre-existing glaucoma undergoes PK, 
has a predicted cumulative risk of 9% for the development of 
post-PK glaucoma. The same patient in presence of pre-existing 
glaucoma would have 92% predicted cumulative risk of 
developing post-PK glaucoma.

In most of the studies, univariate analysis has been used to 
elucidate various risk factors aff ecting development of post PK 
glaucoma.[12,13,20] Simmons et al.,[13] have also reported a four-fold 
increase in the prevalence of post- PK glaucoma in patients 
with pre-existing glaucoma in comparison to those without 
pre-existing glaucoma. Several authors have reported aphakic/
pseudophakic corneal edema,[3-5,9-12] corneal triple procedure[10,12] 
and concomitant anterior vitrectomy[5,19] as risk factors for 
developing post PK glaucoma. We also found association 
of aphakic/pseudophakic corneal edema and pre-existing 
glaucoma with higher risk of post-PK glaucoma. We found that 
anterior segment reconstruction that encompasses penetrating 
keratoplasty, anterior vitrectomy, IOL exchange, iridoplasty 
and goniosynechiolysis had signifi cant association with higher 
risk of post-PK glaucoma on univariate analysis. However type 
of surgery did not show any association with post-PK glaucoma 
on multiple logistic regression analysis. As reported by other 
authors,[8,20] patients with keratoconus and corneal dystrophies 
showed a signifi cantly lower risk of post-PK glaucoma (1.75%).

Several authors have demonstrated biphasic rise of IOP 
following keratoplasty.[3-6] Rise in IOP immediately after 
PK has been reported in 9 to 31% of patients.[3-6,21] In this 
study only those patients who had persistent rise of IOP 
after three weeks of keratoplasty were included. In the 
recent reports term glaucoma has used more precisely to 
defi ne secondary glaucomas. The presence of glaucomatous 
optic neuropathy or visual fi elds in addition to raised IOP 
have been considered as defi nition of post-PK glaucoma. 
However, in this study, patients having IOP greater than 21 
mmHg on two diff erent visits after surgery, with or without 
associated disc and/or visual fi eld changes, were diagnosed 
to have post-PK glaucoma. The use of term post-PK IOP 
elevation has been suggested. The mean period of 5.7 m for 
the onset of glaucoma following keratoplasty is similar to six 
m reported in the literature.[12] Majority of the patients (97%) 
developed glaucoma within 12 m following PK. Two of our 
patients developed raised IOP at 30 and 38 m following PK. 
It is diffi  cult to speculate on the exact cause of raised IOP in 
these cases. Both these patients had iris-supported ACIOLs 
which were removed and replaced by PCIOLs. Low grade 
intraocular infl ammation due to iris-supported ACIOLs may 
have compromised outfl ow facility leading to raised IOP. 
Since the other eye of these patients was normal, possibility 
of primary glaucoma is unlikely. These observations indicate 
the necessity of long term monitoring of IOP following PK.

Management of post-PK glaucoma is crucial as high IOP 
is detrimental to both optic nerve fibers and endothelial 
cells of the corneal graft. Medical therapy using topical 
timolol maleate (0.5%), brimonidine purite (0.15%), 
latanoprost (0.005%) and topical acetazolamide (2%) remains 
the fi rst option. Oral carbonic anhydrase inhibitors may be 
subsequently added if needed. Shekhar et al.,[11] were able 
to control post-PK glaucoma with medical treatment in 74% 
patients, where as 26% required surgical intervention. In 
our study nearly two third of patients responded to medical 
treatment where as one third of patients required surgery. 

Twenty one (23.33%) eyes underwent trabeculectomy, 
8 (8.89%) eyes fi ltering surgery with Ahmed Glaucoma Valve 
and four eyes 4 (4.45%) eyes needed cyclophotocoagulation. 
Trabeculectomy with mitomycin has been reported to safe and 
eff ective in controlling post-PK glaucoma.[15,16] Trabeculectomy 
with mitomycin C, glaucoma drainage devices and Nd: YAG 
cyclophotocoagulation have been found equally eff ective 
in controlling IOP, although cyclophotocoagulation was 
associated with increased incidence of graft failure and 
hypotony. Recently, fi ltering surgery with Ahmed Glaucoma 
Valve has been reported safe and eff ective surgical treatment 
of post-PK glaucoma.[14]

To our knowledge there is no study in the literature 
quantifying the cumulative effect of various risk factors. 
We used an equation based on multiple logistic regression 
model to quantify the cumulative eff ect of various risk factors 
in an individual patient with 88% accuracy. The validity 
of the equation in predicting the development of post-PK 
glaucoma may be evaluated in a prospective study on patients 
undergoing optical PK.
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