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Abstract 
Introduction: To study the outcome of penetrating keratoplasty in pseudophakic bullous 

keratopathy  in terms of visual acuity, graft survival, complications and to identify prognostic 

factors. 

Materials and Methods: This was a hospital based, prospective interventional study, which 

included 24 eyes of 24 patients with pseudophakic bullous keratopathy who underwent 

penetrating keratoplasty with interrupted sutures by single corneal surgeon. Eyes with 

posterior chamber IOL were retained, eyes with anterior chamber IOL were explanted 

without IOL exchange. Cases were followed upto 6 months. The outcome was assessed in 

terms of visual acuity, graft survival, complications and post keratoplasty astigmatism as 

depicted on corneal topography at the end of 6 months. 

Results: Out of 24 cases, 5 cases were of regraft, 1 case was lost to follow up. Percentage of 

cases gaining visual acuity of 6/60 or more was 60.86%, clear grafts were 87%, graft failure 

was 13%. Incidence of post penetrating keratoplasty glaucoma was 30.43%. Astigmatism 

ranged from 6 to 13 dioptres as a difference between simulate keratometric value of steep 

meridian and flat meridian on corneal topography at 6 months. 

Conclusion: Penetrating keratoplasty in pseudophakic bullous keratopathy has good short 

term graft survival and moderate visual recovery. Retained posterior chamber IOL helped in 

better visual outcome. Glaucoma and immunological rejection were main causes for graft 

failure. Quality of donor tissue improves the outcome of penetrating keratoplasty. 

 

Introduction 
Normal cornea is transparent due its peculiar 

anatomical and physiological properties, forming major 

refracting surface of the eye. It can lose its ability to refract 

light due opacification or distortion of its contour. 

Individuals with corneal blindness are of relatively younger 

age group, hence in terms of total blind years, impact of 

corneal blindness is greater. 

According to World Health Organization, 2009 report 

corneal blindness is the world’s fourth leading cause of 

blindness. In India it accounts for 7% of total blindness.1  

It is estimated that number of corneally blind individual 

in India will be around 10.6 million by 2020.2 

Cataract surgery is the major surgical intervention in 

ophthalmology. Corneal edema following cataract surgery 

with IOL is known as pseudophakic bullous keratopathy 

(PBK). Regardless of type cataract surgery with IOL 

implantation, continuing endothelial cell loss greater than 

usual 1% per year occurs in patient undergoing cataract 

extraction. Corneal edema usually develops when 

endothelial cell density falls below 500/mm.2 

The incidence of PBK had increased progressively 

between 1980 – 1995 and become most frequent indication, 

around 26% for penetrating keratoplasty.3 The emergence of 

PBK as most common indication for penetrating 

keratoplasty (PK), correlates well with dramatic increase in 

number of cataract surgery with IOL implantation 

performed since early 1980. During early 1980’s, use of Iris 

claw and rigid closed loop anterior chamber IOL’s resulted 

in increased incidence of PBK.4 However there is decreasing 

trend because of obsolescence of older design and use of 

flexible open loop anterior chamber IOL. Also posterior 

chamber IOL has become the predominant form of implant 

used. Corneal edema with modern implant is likely to be 

due to surgical trauma and susceptible corneal endothelium 

rather than direct physical damage to corneal endothelium 

by the implant itself. 

The incidence of PBK after intracapsular cataract 

extraction has been reported as high as 6%5 whereas after 

extracapsular extraction with anterior chamber IOL at one 

year to be 1.2%, with Iris claw IOL 1.5% and with posterior 

chamber IOL to be 0.06%.6 

Specular microscopy studies of patient who underwent 

cataract extraction with IOL have found endothelial cell loss 

which varies from 7% to 62%.8.9 
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Waltman et al9 found expectedly low endothelial cell 

count(less than 1000cells/mm2) in unoperated fellow eyes of 

17% patients who had undergone PK for PBK in other eye 

suggestive of prior role of endothelial dystrophy. 

Corneal grafting is among most successful forms of 

tissue transplantation, because of its immune privileged 

site.10 PBK not responding to medical line of management 

can be benefited by PK with or without IOL explantation or 

IOL exchange.  

 

Material and Methods 
This was a prospective interventional study done at 

department of ophthalmology, Deenanath Mangheshkar 

Hospital and research centre, Pune. 24 patients with PBK 

presenting to us were studied from April 2008 to October 

2008. 

Informed consent was obtained from all subjects and 

procedure of the study was described to them. The study 

was carried out in accordance with the tenets of the 

Declaration of Helsinki. 

 

Inclusion Criteria  

1. Patients  with PBK irrespective of type of IOL 

2. Failed grafts, previous indication being PBK 

 

Exclusion Criteria  

1. Patients with retinal detachment, vitreous haemorrhage, 

etc as detected on B Scan. 

2. Patients with inaccurate projection of rays. 

 

Pre Operative Evaluation 

All the patients were evaluated as follows 

1. Detailed history including interval between cataract 

surgery and development of PBK. Interval between 

previous grafting and development of graft 

opacification in eyes with regraft. 

2. Thorough general and systemic examination 

3. Ocular examination: Recording of visual acuity, 

anterior segment examination on slit lamp of affected 

eye and other eye especially for endothelial changes by 

specular reflection. Endothelial cell count was not done 

due to unavailability of specular microscope. Also type 

and extent of corneal vascularisation. Fundus 

examination was done were media clarity permitted. 

IOP was done by Schiotz’s tonometer because of 

irregular surface. 

4. All patients were subjected to BScan for posterior 

segment evaluation due corneal opacification. 

5. Investigations included were, Complete haemogram, 

blood sugar profile, ECG and urine examination. All 

patients had physician fitness before surgery. 

 

Donor Tissue Procurement  

1. Donor material was obtained by enucleation within 6 

hours of death, with consent of relatives of the 

deceased. 

2. Detailed medical, surgical and ocular history was 

obtained of the deceased to rule out any 

contraindication for use of donor material. Cause of 

death was ascertained in each case. 

3. Blood samples were taken for HIV and hepatitis B. 

4. Enucleation was carried out by harvesting whole globe 

under strict aseptic precautions. Enucleated eyes were 

immediately packed in glass bottles with cotton packing 

and were transported in ice packs and then stored at 4oC 

in refrigerator (moist chamber technique). Donor tissue 

was used within 48 hours. 

5. Donor tissue with intrinsic eye diseases, previous 

intraocular surgery, ocular hypotony with iridocorneal 

touch, donor tissue of grade B, donor age above 70 

years were not used. 

6. Grading of donor tissue: on slit lamp 

a. Grade A: mild epithelial edema 

b. Grade B+: mild epithelial edema and descement’s 

folds at periphery 

c. Grade B: marked epithelial edema, stromal edema, 

descement’s folds till mid periphery 

d. Grade B-: severe epithelial edema, epithelial 

denudation, marked stromal edema, descement’s 

folds till centre. 

e. Grade C: all of the above changes with more 

severity but iris and anterior chamber still visible. 

f. Grade D: cornea totally hazy, details of anterior 

chamber not visible. 

7. Also following parameters were noted, age of donor, 

death enucleation time, enucleation to surgery time and 

interval between development of PBK and PK. 

 

Surgical Technique  

1. Pre operative preparation: All patients received topical 

gatifloxacin (0.3%) eye drops every 15 minutes for 2 

hours prior to surgery. Patients with raised IOP were 

started on oral 250mg, 2 stat or intravenous mannitol 

20% in a dose of 1 mg/ kg body weight 30 minutes 

prior to surgery. Betadine eye drops were instilled 5 

minutes prior to surgery. 

2. All surgeries were performed under local anaesthesia 

by peribulbar block. Anaesthetic agent used were, 

lignocaine 2% with adrenaline (5 ml) along with 

bupivacaine 0.5% (3 ml) and injection hyaluronidase 

75000 IU. 

3. All surgeries were performed by single surgeon using 

standard technique. 

Donor tissue was always harvested first, with graft host 

disparity of 0.5 mm and size of donor graft was 8mm 

Donor graft was trephined from eyes and placed on 

Teflon block. 

In eye with vascularisation, cauterization of vessels was 

done. 

Recipient corneal button was trephined with 7.5 mm 

ensuring proper centration and tilt. Anterior chamber 

entered with 11 number blade and button was removed with 

curved corneal scissors. Synechiolysis was done whenever 

required with viscoelastic agent or iris repositor. 

All eyes with posterior chamber IOL were retained after 

ensuring they are well centred. In 2 eyes IOL repositioning 
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was done. Two eyes with anterior chamber IOL were 

explanted along with anterior vitrectomy and were left 

aphakic. 

No eyes underwent IOL exchange. Peripheral button 

hole iridectomy was done in 2 cases with known glaucoma.  

Donor graft was sutured to recepient bed with 10-0 

nylon suture by placing 4 cardinal sutures at 12, 3, 6 and 9 o 

clock followed by 12 interrupted sutures. All bites were 

placed above the level of descement’s membrane of equal 

length and equidistant from each other. All knots were 

buried on corneal side.  

Intraoperatively all patients received intravenous 1 gm 

cefotaxim and 8 mg dexamethasone. 

1. Post operatively all patients received oral cefotaxim 

200 mg BD and combiflam for 5 days. Oral 

prednisolone 1 mg / kg body weight was started in all 

patients and was tapered every 7 days. Topical 

gatifloxacin (0.3%), prednisolone (1%) and 

carboxymethyl cellulose (0.5%) were started. Eyes with 

raised IOP were started on timolol maleate (0.5%) BD 

or brimonidine (0.2%)  TDS or combination of both. 

2. All cases were reviewed biweekly for 1 week, weekly 

for 1 month, fortnightly for 3 months and monthly for 6 

months for visual acuity, graft clarity and IOP check. 

3. Post operative graft edema was graded as E1 –mild iris 

details seen, E-2 moderate iris details hazy and E-3 

severe iris details unclear. 

4. One patient had IOP which was medically uncontrolled, 

hence treated with diode laser photocoagulation 270o at 

6 months. 

5. 4 cases had immunological graft rejection during follow 

up period. These cases were treated with intravenous 

methylprednisolone pulse therapy, 1 gm/ per day for 3 

days followed by oral prednisolone 1 mg/ kg/ body 

weight in tapering dose. One case recovered while 3 

had graft failure and were considered for regrafting. 

6. Corneal topography was done in all patients at 6 

months. Dioptric power closest to 3mm optical zone at 

steepest and flat meridian were selected and difference 

between simulate K value was taken as amount of 

astigmatism in dioptres.  

 

Results  

1. The study included 24 patients of PBK, which followed 

for a period of 6months expect for 1 who was lost to 

follow up after 4 months. 

2. All patients were referred cases, hence details of 

cataract surgery were unavailable. All these cases had 

undergone either small incision cataract surgery or 

phacoemulsification as seen clinically. 

3. Agewise distribution, 6 patients were in the range of 50 

to 60 years, 10 in the range of 61 to 70 and 8 between 

71 to 80 years. 

4. Genderwise, 12 were females and 12 were males. 

5. Out of 24 patients, 5 cases were of regraft who had 

undergone PK for PBK. 

6. 2 patients were known cases of glaucoma and were 

medically controlled. 

7. 10 patients showed guttate changes on endothelium of 

other eye on slit lamp. 

8. 14 cases had superficial and deep vascularisation in 

various quadrants. 

9. Interval between cataract surgery and development of 

PBK ranged from 4 months to 5 years. 

10. Interval between PK and graft failure in cases with 

regraft ranged from 7 months to 2 tears. 

11. Interval between PBK and PK in our study ranged from 

3 months to 19 months. 

12. Interval between enucleation and use of tissue ranged 

from 5 hours to 12 hours in our study. 

13. Preoperatively 22 cases had posterior chamber IOL and 

2 had anterior chamber IOL. 

14. 22 cases underwent PK with retained IOL while 2 had 

IOL explantation. No IOL exchange was done. 

 

Table 1: Distribution of patients according to preoperative 

visual acuity 

Preoperative visual acuity No. of cases 

HM, PL, PR accurate  7 

HM, PL, PR accurate to FC 1 meter 15 

FC 1 meter to 6/60 2 

 

Table 2: Distribution of patients according to 

postoperative visual acuity 

Postoperative visual acuity No. of cases 

< 6/60 9(39.13%) 

6/60 to 6/24 12(52.17%) 

>6/24 2(8.7%) 

 

Table 3: Distribution of patients according to graft survival 

at 6 months 

Graft clarity Non Regraft Regraft  Total  

Clear  17 3 20 (87%) 

Graft failure  1 2 3 (13%) 

 

Table 4: Postoperative glaucoma (30.43%) 

Postoperative glaucoma No of cases 

Medically controlled 6 (85.71%) 

Cyclophotocoagulation  1 (14.29%) 

 

1. 2 cases had cystoids macular edema and 2 cases had 

age related macular degeneration. 

2. Posterative astigmatism ranged from 6 to 13 diopters 

derived as difference between keratometric value of 

steep and flat meridian measured on corneal 

topography. 

 

Discussion 
PBK is chronic corneal edema caused by endothelial 

decompensation and resulting epithelial bullae in 

pseudophakic eyes. For visual rehabilitation and 

symptomatic cases of PBK, PK remains the only definitive 

treatment. 
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PBK is generally regarded as moderate to good 

indication for PK. Survival of graft in PBK has been 

extensively studied in past.11,12  

We conducted this study in our institute to study the 

outcome of PK in 24 eyes with PBK at the end of 6 months. 

The degree of success was assessed by number of patients 

gaining visual acuity of 6/60 or more and percentage of 

grafts remaining clear at 6 months. Complications in form 

of post operative glaucoma, graft rejection and graft failure 

and post PK astigmatism were assessed. 22 eyes out of 24 

had posterior chamber IOL and 2 had anterior chamber IOL. 

IOL itself may not be the sole factor in causation of 

PBK. Other potential causes includes excess surgical 

manipulation, surgical trauma to endothelium, raised 

intraocular pressure post operative, persistent low grade 

chronic uveitis, displaced IOL.13 Pre existing endothelial 

dystrophy is another factor unrelated to IOL for early 

endothelial decompensation following cataract extraction 

with IOL implantation.14 

Interval between development of PBK and cataract 

surgery was less than 9 months in 7cases in this study, 

suggestive of excess surgical handling leading endothelial 

decompensation. Raised intraocular pressure on presentation 

was seen in 5 cases, of which 2 were known cases of open 

angle glaucoma. Raised intraocular pressure could be the 

cause of endothelial decompensation post cataract surgery in 

these cases. 5 cases were of regraft, original indication being 

PBK. In these cases interval between previous PK and graft 

opacification ranged from 7 months to 2 years. 

Synechiolysis was done in 2 cases during PK, suggestive of 

post operative uveitis following cataract surgery leading to 

endothelial decompensation. In 2 cases IOL were 

decentered, hence IOL repositioning was done during PK, 

both were posterior chamber IOL and were retained. 

In our study all donor tissue were of age less than 70 

years and only grade A and B+ graft obtained within 6 

hours of death were used. 

The IOL can be retained if well centred, explanted or 

exchanged with another IOL.15 Components of anterior 

segment reconstruction include anterior vitrectomy, 

gonioplasty and iridoplasty. Anterior vitrectomy reduces 

incidence cystoids macular edema and prevent decentration 

of IOL by vitreous strand.12 In accordance with previous 

study all posterior chamber IOL were retained and both 

anterior chamber IOL were explanted and eyes were left 

aphakic. No cases had IOL exchange. 

Postoperaively all cases were followed upto 6 months, 

except 1 who was lost to follow up after 4 months. 

The visual recovery after PK is affected by complex 

inter-relationship of many factors, including corneal 

healing, age of patient, gradual diminishing astigmatism, 

decrease in cystoids macular edema, graft thickness and 

inflammation on long term follow up[16]. In our study visual 

acuity of 6/60 or better with clear graft at 6 months was 

considered as criteria for successful corneal grafting.  

In our study, 9 cases (39.13%) had visual acuity less 

than 6/60, 12 cases (52.17%) had visual acuity between 6/60 

to 6/24 i.e moderate visual recovery. Only 2 cases (8.69%) 

had visual acuity of more than 6/24. Thus 14 out of 23 cases 

(60.86%) were optically successful. This study compares 

well with previous studies with respect to visual 

recovery.11,12,15,17 In cases with poor visual recovery, 2 had 

developed cystoids macular edema as seen on optical 

coherence tomography, 2 eyes had age related macular 

degeneration of which 1 was lost to follow up after 4 

months. One patient developed central retinal vein 

occlusion. 2 cases had poor visual recovery due to advanced 

glaucomatous damage. Presence of retinal pathology like 

ARMD and CME are known causes for poor visual 

recovery.11,16,17  

In our study 20(86.95%) out of 23 grafts remained clear 

at the end of 6 months. It compares well with other 

studies.11,12,15,17  

In our study 4 cases developed immunological 

endothelial rejection. All these were treated with 

intravenous methylpredinosolone pulse therapy. Of these, 1 

recovered the rejection episode, while 3 eventually failed. 

Out of these 3 cases, 2 were cases of regraft. Regraft is 

known risk factor for graft rejection. There were no cases of 

primary graft failure. 

Factors which influenced good graft survival in our 

study would be, use of good quality donor tissue, less 

enucleation to surgery time, meticulous surgery and close 

but shorter duration of follow up. 

Post PK glaucoma is one of the common cause of graft 

failure and visual loss.18 in our study 7 cases had raised IOP. 

This compares well with other studies.11,12,17,18 6 cases were 

controlled medically with timolol maleate (0.5%) or 

brimonidine (0.5%) or combination of both. 1 case required 

trans sclera cyclophotocoagulation with diode laser (810nm) 

270o. 

Post PK astigmatism is associated with poor visual 

recovery, tear film instability and asthenopic symptoms.19,20  

Astigmatism ranged from 6 to 13 diopters in our study. 

 

Conclusion 
1. PK in PBK is associated with good short term survival. 

2. Retained posterior chamber IOL resulted in functional 

visual recovery. 

3. Good quality of donor tissue resulted in better graft 

survival. 

4. Visual recovery was moderate because of high 

astigmatism. 

5. Causes of poor visual recovery were graft failure, 

macular pathology and glaucoma. 

6. Causes of graft failure in our study were immunological 

endothelial graft rejection and glaucoma. 

 

Limitation 

1. Small sample size 

2. Shorter duration of follow up. 
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