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Introduction
Renal transplant recipients (RTRs) need lifelong
immunosuppression (IS) with low-dose systemic
corticosteroids and other immunosuppressants in order to
avoid graft rejection.1 Multiple ocular problems have been
reported in literature in such patients, including cataract,
elevated intraocular pressure (IOP), opportunistic
infections, conjunctival calcium deposits, central serous
chorioretinopathy, etc.2-4

Among the many reported ocular complications, raised IOP
leading to permanent damage to the optic nerve causes
irreversible blindness. It is one of the most feared ocular
problems, commonly known as glaucoma. The secondary

open angle glaucoma, dreaded mainly in the transplant
population that remains on systemic steroids for life, shows
no warning signs to visit an ophthalmologist. It is usually
not associated with pain, redness or sudden loss of vision.
Glaucoma is called “the silent thief of sight” due to the
painless chronic progressive peripheral loss of vision, later
leading to irreversible blindness, preventable with constant
monitoring of IOP and timely treatment.5

At the Sindh Institute of Urology and Transplantation
(SIUT), Karachi, a tertiary care transplant centre, the IOP of
RTRs is measured routinely in order to avoid this possible
disastrous side-effects of systemic steroids. As routine
clinical practice, those diagnosed with glaucoma are
treated and followed up regularly. This is necessary due to
the known effect of steroids dose and duration on IOP6 and
the chance of glaucoma increasing with advancing age.7

The current study was planned to investigate the
frequency, associated factors and outcomes of elevated IOP
in live-related RTRs.

Materials and Methods
The retrospective case-control study was conducted at the
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Abstract
Objective: To investigate the frequency, associated factors and outcomes of elevated intraocular pressure in live-related
renal transplant recipients.
Method: The study was conducted at the Department of Ophthalmology, Sindh Institute of Urology and Transplantation,
Karachi, in 2023. The data was divided into group A cases having intraocular pressure ≥23mmHg and group B controls
having intraocular pressure <23mmHg. The groups were compared for factors such as immunosuppression medications,
acute rejection episodes, human leukocyte antigen match, duration of dialysis before transplant, and pre-existing
microvascular diseases. Data was analysed using SPSS 22.
Results: Of the 2,738 patients screened, 131(4.8%) exhibited intraocular pressure ≥23mmHg. Intergroup comparison
between group A and group B showed no significant relationship of intraocular pressure increase with cyclosporine,
tacrolimus and everolimus (p>0.05). Azathioprine demonstrated significant association with intraocular pressure elevation
at the time of measuring intraocular pressure (p<0.05). Mycophenolate mofetil showed an association with IOP only when
assessed as initial immunesuppression at the time of transplantation (p<0.05). At the time of IOP assessment, MMF was not
found to be a significant factor responsible for IOP elevation (p>0.05). Patients who had received Antithymocyte globulin
(ATG) were found to have remarkable association with raised IOP. No significant link was noted between hypertension,
dialysis duration and human leukocyte antigen match (p>0.05).
The multivariate analysis showed that Azathioprine was the only factor associated with raised IOP at the time of assessment
(p<0.001)
Conclusion: There was a potential risk of medication side effects, including secondary glaucoma, among renal transplant
recipients.
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Department of Ophthalmology, SIUT, Karachi, from August
to September 2023, and comprised medical records of RTRs
screened for IOP between September 2021 and April 2022.
The data was divided into group A cases having IOP
≥23mmHg and group B controls having IOP <23mmHg.
Patient records were retrieved using convenience sampling
technique after approval from the institutional ethics
review committee.

Data retrieved from the medical files included post-
transplant immunosuppression (cyclosporine, tacrolimus,
mycophenolate mofetil (MMF), azathioprine and
everolimus), acute rejection episodes receiving
antithymocyte globulin (ATG), pre-existing medical
conditions, like diabetes mellitus (DM) and hypertension
(HTN), and duration of haemodialysis before transplant.
These were recorded on a pre-designed proforma. Post-
transplant immunosuppression (IS) was evaluated to
determine any significant correlation between the
medication and the rise in IOP. Post-transplant IS status was
analysed at the time of commencement, and then later on
at the time of assessing IOP.

Data was analysed using SPSS 22. Data normality was
assessed using the Shapiro-Wilk’s test. Continuous normally
distributed variables were presented as mean +/- standard
deviation, while non-normally distributed data was
presented as median with interquartile range (IQR).
Categorical variables were reported as frequencies and
percentages. Intergroup comparison of continuous
variables was done using two-sample t-test or Mann-
Whitney U test, as appropriate. Chi-square test was used for
the comparison of categorical variables. For identification
of risk factors, univariate or multivariate logistic regression
was performed. P<0.05 was considered statistically
significant.

Results
Of the 2,738 patients screened, 131(4.8%) exhibited IOP
≥23mmHg, and glaucoma was identified in 23(0.8%). From
among these 131(4.8%) cases, 100(76.3%) were included in
group A; 75(75%) males and 25 (25%) females with mean
age 36.15±11.17 years. Control group B also had data of
100 patients; 79(79%) males and 21(21%) females with
mean age 36.17±11.14 years. The mean time lapse since
transplant was 8.02±5.25 years in group A and 8.09±5.23
years in group B (p=0.922).

Intergroup comparison showed no significant relationship
of IOP increase with cyclosporine, tacrolimus and
everolimus, whether analysed at the time of Tx or assessing
IOP (p>0.05). Azathioprine, MMF and ATG demonstrated
significant association with IOP elevation (p<0.05). Those
receiving Azathioprine at the time of Tx showed a 0.34

times less chance of having raised IOP (p=0.019, odds ratio
[OR]: 2.916, 95% confidence interval [CI]: 1.160-7.334) while
those receiving MMF showed a 2.9 times higher chance of
having raised IOP (p=0.019, odds ratio [OR]: 2.916, 95%
confidence interval [CI]: 1.160-7.334) (Table 1).

Interleukin-2 (IL-2) was prescribed to 4(4%) patients in
group A and to 3 in group B only.

At the time of IOP assessment, patients receiving
cyclosporine, tacrolimus, MMF and everolimus showed no
significant association with IOP elevation, but those taking
azathioprine were seen to have 1.97 times likelihood of
raised IOP (p=0.037, OR: 1.97, 95% CI: 1.035-3.749) 
(Table 2).

Patients whose initial IS was a combination of cyclosporine,
azathioprine, and prednisolone showed less likelihood of
raised IOP (p=0.027, OR: 0.43, 95% CI: 0.202-0.921) 
(Table 3).

No substantial association was found between pre-
transplant or post-transplant HTN and IOP, but a 2.5 times
higher chance was seen in patients who had received ATG
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Table-1: Comparison between post-transplant intraocular pressure (IOP) and individual
immunosuppression (IS) at time of transplant (Tx).

Variables Frequency (n) p-value Unadjusted OR 
Cases n(%) Controls n (%) (95% C.I.)

Cyclosporine 82 (82.0) 88 (88.0) 0.235 0.621 (0.282–1.369)
Tacrolimus 18 (18.0) 12 (12.0) 0.235 1.610 (0.731– .547)
Azathioprine  82 (82.0) 93 (93.0) 0.019 0.343 (0.136-0.862)
MMF  18 (18.0) 7 (7.0) 0.019 2.916 (1.160–7.334)

MMF: Mycophenolate mofetil, OR: Odds ratio, CI: Confidence interval.

Table-2: Comparison between intraocular pressure (IOP) and immunosuppression (IS) 
at the time of assessment.

Variables Frequency (n) p-value Unadjusted OR 
Cases n(%) Controls n (%) (95% C.I.)

Cyclosporine 34 (34.0) 38 (38.0) 0.556 0.841 (0.471 – 1.498)
Tacrolimus 39 (39.0) 29 (29.0) 0.136 1.565 (0.868 – 2.824)
Azathioprine 80 (80.0) 67 (67.0) 0.037 1.970 (1.035 – 3.749)
MMF 16 (16.0) 22 (22.0) 0.279 0.675 (0.331 – 1.379)
Everolimus 6 (6.0) 8 (8.0) 0.579 0.734 (0.245 – 2.198)

MMF: Mycophenolate mofetil, OR: Odds ratio, CI: Confidence interval.

Table-3: Comparison between intraocular pressure (IOP) and post-transplant combination
immunosuppression (IS) at time of transplant (Tx).

Variables Frequency (n) p-value Unadjusted OR 
Cases n(%) Controls n (%) (95% C.I.)

Tacrolimus+ 6 (6.0) 5 (5.0) 0.756 1.213 (0.358 – 4.110)
Azathioprine+Prednisolone
Tacrolimus+ 12 (12.0) 7 (7.0) 0.228 1.812 (0.682 – 4.811)
MMF+Prednisolone
Cyclosporin+ 76 (76.0) 88 (88.0) 0.027 0.432 (.202 - 0.921)
Azathioprine+Prednisolone

MMF: Mycophenolate mofetil, OR: Odds ratio, CI: Confidence interval.
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(p=0.016. OR: 2.55, 95% CI: 1.175-5.554) (Table 4).

The multivariate analysis showed that Azathioprine was the
only factor that showed 4.014 times higher chance of raised
IOP at the time of IOP assessment (p<0.001. OR:4.01, 95%
CI: 1.883-8.555) (Table 5).

The duration of dialysis before transplant in group A was
10.13±11.77 months and 7.93±10.18 months in group B
(p=0.922).

Discussion
Renal transplantation is a lifesaving procedure that is on
the rise due to its remarkable impact on the quality of life
of the recipient. However, the RTRs are required to take
multiple medications, including systemic steroids and IS
agents in order to make the graft work efficiently. These
medications come with their own side effects on the
human body.8

In addition to the other systemic adverse effects, these
medications, especially steroids, can have many harmful
effects on the eyes, like cataract, elevated IOP, opportunistic
infections, conjunctival calcium deposits, central serous
chorioretinopathy, and others.2-4 The raised IOP can cause
optic neuropathy, leading to permanent loss of vision if not
diagnosed and controlled in time. In some studies, systemic
IS agents have shown to cause a variety of systemic side-
effects, but with no ocular involvement identified.8 In other
studies, cyclosporine showed neural and retinal toxicity,9
while tacrolimus affected optic nerve, visual cortex and
macula, leading to visual deterioration.10,11 MMF has shown
variable retinal toxicity in vitro, but no such toxicity has
been reported among in vivo subjects.12

The current study indicated a remarkable relationship
between MMF and the rise in IOP when analysed

individually at the time of renal transplant. When individual
IS was analysed at the time of IOP assessment, a significant
correlation was observed between azathioprine, but no
such correlation was seen with MMF.

In combination, cyclosporine, azathioprine and
prednisolone showed significantly less likelihood of raising
IOP compared to those receiving other IS combinations.

In this study, azathioprine was found to be remarkably
related to the rise in IOP, especially when analysed at the
time of monitoring IOP at the relevant department.
However, azathioprine showed no relationship with IOP
when given in combination with tacrolimus. Moreover,
tacrolimus showed no association with a rise in IOP at
whatever time or with whichever combination it was
assessed.

MMF showed a positive relationship with IOP when given
as the initial IS at the time of transplant, but no such finding
could be established when its effect was analysed at the
time of taking IOP or when given in combination with MMF
as initial IS post-transplant.

The current data indicated the probability of a positive
neuroprotective role of tacrolimus when compared to
other IS agents. It may help reduce IOP or keep it under
control when given to RTRs. The possible IOP-reducing
effect of tacrolimus has been mentioned previously as
well.13

Prednisolone is a common factor which was given to all the
individuals in the current study, including cases and
controls. Therefore, the study could not establish its role or
the uniqueness of prednisolone.

Earlier studies have established a strong association of
systemic steroids and IOP as well as glaucoma, giving it a
specific name, “Steroid-induced (secondary) glaucoma.”14

It is a well-known and widely accepted fact that steroids
taken through any route, topical, intranasal, oral or
intravenous, have a strong role in raising the IOP and
leading to glaucoma. However, what remains unclear is the
relationship between the duration and dose of steroid and
raised IOP leading to secondary glaucoma.15,16

In the present study, the correlation between factors other
than steroid were explored. These factors included IS
agents, which were assessed individually as well as in
combination. The study also evaluated any possible role of
systemic comorbidities, and acute rejection episodes
receiving ATG.

A case study reporting neuroretinopathy secondary to ATG
noted that it was not related to high IOP.17 The current
study, to the best of our knowledge, is the first to report the
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Table-4: Intergroup comparison for hypertension (HTN), antithymocyte globulin (ATG) and
intraocular pressure (IOP).

Variables Frequency (n) p-value Unadjusted OR 
Cases n(%) Controls n (%) (95% C.I.)

Pre-Tx HTN 64 (64.0) 69 (69.0) 0.454 0.799 (0.443 – 1.439)
Post-Tx HTN 75 (75.0) 71 (71.0) 0.524 1.225 (0.655 – 2.291)
ATG 24 (24.0) 11(11.0) 0.016 2.555 (1.175 – 5.554)

Tx: Transplantation.

Table-5: Independent factors associated with intraocular pressure (IOP).

Sig. Adjusted 95% C.I. for OR
OR Lower Upper

AZA at Tx (Yes vs No) 0.114 0.273 0.055 1.363
AZA at IOP (Yes vs No) 0.000 4.014 1.883 8.555

Cya AZA Prednisolone (Yes vs No) 0.769 1.246 0.288 5.382
ATG at Tx (Yes vs No) 0.152 2.324 0.733 7.368
Constant 0.767 .819 - -

Tx: Transplant. AZA: Azathioprine, Cya: Cyclosporine, IOP: Intraocular Pressure; 
ATG: Antithymocyte globulin.
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possibility of ATG having any association with IOP. This rise
may have been due to the fact that ATG, when given in
cases of acute rejection episodes, is always given in
combination with high-dose systemic steroids. As
mentioned earlier, this could be an effect of the steroids
and not secondary to ATG infusion. This factor needs careful
evaluation and exploration in order to confirm any
association between ATG and IOP. There is substantial
literature over decades to prove the association between
systemic HTN and IOP.18-21 The current study, however,
showed no significant relationship between the two
factors. A possible explanation for the finding may be the
fact that in our setup, systemic HTN is routinely kept under
control and managed meticulously during pre- and post-
transplantation.

Although literature provides a strong association between
DM and IOP,22 there were not enough participants in the
current study to establish the association, which was a
limitation. Also, the sample was raised using convenience
sampling, which could have influenced the power of the
study.

The difference between the duration of dialysis among the
two groups was insignificant, therefore, its effect on IOP
could not be measured.

The strength of the study is that, to the best of our
knowledge, the current study is the first of its kind in
Pakistan.

On the basis of the findings, further exploration on a larger
scale is recommended for the possible protective role of
tacrolimus. A solid evidence-based conclusion about the
IOP-lowering role of tacrolimus may help manage post-
transplant IS in patients suffering from secondary
glaucoma.

Conclusion
Renal transplant recipients require special attention in
order to make transplant a success. These individuals are
on life-long medications for proper functioning of the
allograft. There is potential risk of side-effects of these
systemic medications among which secondary glaucoma
is a potential ocular side-effect that can lead to permanent
loss of vision. Proactive measures and routine ocular
examinations are necessary in order to prevent any
detrimental effect on the vision, and to improve the quality
of life of these individuals.
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