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INTRODUCTION
The number of people diagnosed with diabetes melli-

tus and diabetic complications is rising steadily. In 2019, 
approximately 422 million people worldwide had diabetes 
mellitus [1], of which approximately 351.7 million were 
people of working age (i.e. 20-64 years old) [2]. In Poland, 
according to data from the National Health Fund (NFZ) and 
Statistics Poland (GUS), 2.9 million adults were diagnosed 
with diabetes in 2018. The figure corresponds to 9.1 per cent 
of the adult population [3]. Of this number, approximately 
5-10% of patients have type 1 diabetes mellitus [4]. Based 
on the available data, the incidence of type 1 diabetes mel-

litus has been rising steadily by 2-5% per year [5]. Type 1 
diabetes is caused by the destruction of pancreatic β-cells in 
an autoimmune process induced by triggers (environmental 
factors) in individuals with a genetic predisposition [6]. Be-
cause of young patient age at diagnosis and prolonged dura-
tion of the disease, the vast majority of patients with type 1 
diabetes mellitus develop complications. Chronic complica-
tions can be divided into macroangiopathies (ischemic heart 
disease, peripheral arterial disease, and stroke), and micro-
angiopathies (retinopathy, nephropathy, and neuropathy). 

Diabetic eye disease is a term for several eye conditions 
associated with diabetes, including diabetic retinopathy and 
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diabetic macular edema, but also cataract, glaucoma, double 
vision, and visual acuity problems arising from changes in 
lens hydration depending on the degree of glycemia. Wis-
consin Epidemiologic Study of Diabetic Retinopathy (WES-
DR), conducted in the 1980s, showed that 20 years after 
the diagnosis of diabetes proliferative diabetic retinopathy 
was present in approximately 50% of patients with type 1 
and approximately 25% of patients with type 2 diabetes mel-
litus [7, 8]. Even though more than 30 years have passed 
since that study, major advancements have been made in 
glycemic control and ophthalmic diagnostics, and new 
therapies for diabetes and ophthalmic conditions have been 
introduced, diabetic retinopathy still remains the most com-
mon cause of blindness among the working-age population 
in most countries [9].

Diabetic kidney disease (DKD) is characterized by 
an initial thickening of the glomerular basement membrane 
and mesangial expansion. The process leads to glomerular 
and renal hypertrophy, dysregulation of renal hemodynam-
ics, and increased albumin excretion in the urine, followed 
by progressive diffuse or focal glomerulosclerosis accompa-
nied by tubulointerstitial abnormalities and renal function 
impairment [10]. The Eurodiab studies based on data col-
lected from European centers showed that microalbumin-
uria was present in 20.7% and macroalbuminuria in 8.8% 
of patients with type 1 diabetes mellitus [11].

In Poland, approximately 25% of patients receiving re-
nal replacement therapy have diabetic nephropathy, and 
the proportion is growing [12]. In the United States, this 
group accounts for almost 50% of all patients treated with 
renal replacement therapy [13]. The vast majority are pa-
tients with type 2 diabetes. In patients with type 1 diabetes 
mellitus, the optimal type of renal replacement therapy is 
pancreas-kidney transplantation from a deceased donor. 
The most favorable outcomes are believed to be associated 
with pre-emptive kidney and pancreas transplantation, i.e. 
carried out in patients who are not yet on dialysis or who 
have been receiving dialysis treatment for only a short time. 
Simultaneous pancreas-kidney transplantation with normal 
graft function improves patient survival by 7-10 years com-
pared with patients undergoing kidney transplantation from 
a deceased donor [14, 15].

In the group of patients undergoing pancreas transplan-
tation in the Department of Gastroenterological Surgery and 
Transplantation at the Central Clinical Hospital of the Min-
istry of Interior and Administration, the overall survival rate 
is 88% at one year, and 86% at three and five years. The pan-
creas graft survival rate is 73% at one year, 72% at three 
years, and 61% at five years, while the kidney graft survival 
rate is 87%, 83%, and 83% at one, three, and five years af-
ter transplantation, respectively [16]. These data look very 
favorable when compared with the statistics available for 
diabetic patients undergoing dialysis therapy. In 2004-2008, 
the five-year survival rate of European diabetic patients on 
dialysis was approximately 40-41% [17]. In this group of pa-
tients, intradialytic hypotension caused by inadequate re-

sponse of the vascular system to hypovolemia, is especially 
dangerous [18], as it elevates the risk of cardiac death, and 
causes myocardial ischemia and arrhythmias. In addition, 
it increases the hypoperfusion of the already hypoperfused 
retina, triggering a whole cascade of reactions.

The only method to restore insulin production is trans-
plantation of the pancreas or pancreatic islets. The first pan-
creas transplant in the treatment of type 1 diabetes mellitus 
was performed in 1966 [19]. The introduction of cyclospo-
rine and other advanced immunosuppressive agents, com-
bined with advancements in organ preservation techniques 
and in the diagnosis and treatment of complications, has 
greatly improved patient outcomes. The currently accepted 
indications for pancreas transplantation include severe hy-
poglycemia requiring third-party assistance and medical 
intervention, without prodromal symptoms or with hy-
poglycemia unawareness; hyperglycemia complicated by 
acidosis; labile diabetes associated with large glycemic fluc-
tuations; rapidly progressive diabetic complications (reti-
nopathy, nephropathy, neuropathy) up to moderate stages; 
and clinical and emotional issues related to insulin therapy. 
Absolute contraindications to transplantation include ac-
tive malignancy and infection. There are three types of pan-
creas transplant procedures: simultaneous pancreas-kidney 
transplantation (SPK), pancreas transplantation following 
a successful kidney transplant (PAK, pancreas after kidney), 
and pancreas-only transplantation (PTA, pancreas trans-
plantation alone). In 1974, pancreatic islet transplantation 
was performed for the first time, but the outcomes were not 
satisfactory [20]. The introduction of a less diabetogenic im-
munosuppressive regimen by the Edmonton team in 2000, 
together with repeated islet transplants from successive do-
nors, has contributed to improved outcomes. Nonetheless, 
only 8% of patients did not require insulin therapy five years 
after transplantation [21], while 90% of patients on insulin 
therapy had no problems with glycemic control and experi-
enced no episodes of severe hypoglycemia [22].

AIMS OF THE STUDY
1. Ophthalmic evaluation of patients after simultaneous 

pancreas-kidney transplantation (SPK) due to complications 
of type 1 diabetes mellitus. 

2. Ophthalmic evaluation of patients undergoing assess-
ment for eligibility for SPK because of complications of type 
1 diabetes mellitus. 

MATERIAL AND METHODS
The study was conducted in the Department of Gastroen-

terological Surgery and Transplantation, and in the Department 
of Ophthalmology, Central Clinical Hospital of the Ministry 
of Interior and Administration in Warsaw, between January 
2016 and March 2020. The study group consisted of 37 patients 
after SPK performed because of complications of type 1 diabe-
tes mellitus, and 49 patients with type 1 diabetes assessed for 
eligibility to undergo the intervention. SPK procedures have 
been performed in the Department of Gastroenterological 
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Surgery and Transplantation at the Central Clinical Hospital 
of the Ministry of Interior and Administration since 2004.

Patients evaluated for eligibility for SPK and pancreas-
only transplantation, have been subjected to a comprehensive 
ophthalmic examination as part of their eligibility assessment 
protocol at the Department of Ophthalmology, Central Clini-
cal Hospital of the Ministry of Interior and Administration, 
since 2016. Before that, ophthalmic assessment was frequent-
ly carried out at the patients’ main care centers. Ophthalmic 
evaluation includes assessment of distance and near visual 
acuity based on Snellen charts, slit-lamp anterior segment ex-
amination, stereoscopic posterior segment assessment using 
Volk Digital Wide Field lens, and measurement of intraocu-
lar pressure with iCare tonometer. In patients with sufficient 
transparency of the optical media, we took color photographs 
of the eye fundus using Canon CX-1 Digital Fundus Cam-
era and performed OCT (Optical Coherence Tomography) 
scanning of the macula with OptoVue camera or AngioVue 
camera (for angio-OCT). In addition, the patients complet-
ed a questionnaire to provide information about the history 
of diabetes mellitus and its complications.

The normality of distribution of the continuous vari-
ables under study was determined using the Shapiro-Wilk 
test. Comparisons of the distributions of discrete variables 
across the groups were performed with the χ2 test. Differ-
ences in the distributions of continuous variables between 
the two groups were verified by means of the Mann-Whitney 
test. Comparisons of continuous variables divided into more 
than two groups were carried out with the ANOVA test (for 
normally distributed variables) or the Kruskal-Wallis test (for 
variables with a non-normal distribution). A significance level 
of 0.05 was applied in all the tests. All statistical calculations 
were carried out with R 3.6.1 statistical analysis software.

RESULTS
A total of 37 patients after SPK were examined oph-

thalmologically based on the protocol outlined above in 
the Department of Ophthalmology, Central Clinical Hospi-
tal of the Ministry of Interior and Administration, between 
January 2016 and March 2020. The mean age of patients in 
this group was 38.49 years. The youngest patient at the time 
of SPK was 23, and the oldest 62 years old. The mean dura-
tion of diabetes was 26.58 years (8-40 years), while the mean 
time since the diagnosis of diabetic retinopathy was nine years  
(1-30 years). A total of 31 patients (84%) received dialy-
sis treatment before transplantation. In addition, 31 (84%) 
patients were treated with laser photocoagulation prior to 
the transplant procedure. Only two did not undergo the treat-
ment, and four were unable to provide an answer to the ques-
tion. In eight patients (22%), visual acuity was < 0.1 in both 
eyes, which represents a severe impairment in the ability 
to perform the activities of daily living. On the other hand,  
10 patients (27%) had a visual acuity of ≥ 0.6 in both eyes, and 
19 (51%) at least in one eye (Table I).

Since macular OCT imaging requires transparent opti-
cal media, performing the examination in patients with ad-

vanced diabetes mellitus complicated by diabetic eye disease 
frequently poses problems. In our group of patients after SPK, 
OCT could not be performed in six patients in both eyes and 
in seven patients in one eye. The group included two patients 
after enucleation: one had lost an eye following a perforat-
ing injury, and the other because of complications associated 
with diabetic eye disease. Another eye was severely atrophied 
and the patient used an epiprosthesis. Among the patients 
in whom OCT was done, atrophy in the photoreceptor in-
ner segment/outer segment junction (IS/OS line) was found 

Table I. Patients after SPK, post-transplant examination

All < 1 year post-Tx > 1 year post-Tx

Number of Patients 37 20 17

Age (years)

Mean 38.49 39.1 37.76

Min 23 25 23

Max 62 62 52

Duration of diabetes (years)

Mean 26.58 28.53 24.5

Min 8 17 8

Max 40 40 37

Pre-Tx laser therapy 31 19 12

Pre-Tx dialysis therapy 31 15 16

Visual acuity

< 0.1 in both eyes 8 5 5

≥ 0.6 in both eyes 10 7 3

≥ 0.6 in one eye 9 6 3

OCT

Photoreceptor atrophy

in both eyes 14 9 5

in one eye 12 6 6

Edema

in both eyes 0 0 0

in one eye 4 4 0

Only minor changes

in both eyes 2 1 1

in one eye 5 4 1

Retinopathy grading

NPDR 

in both eyes 15 7 8

in one eye 6 5 1

PDR

in both eyes 6 4 2

in one eye 6 5 1
Tx – transplantation, OCT – optical coherence tomography, NPDR – non-proliferative diabetic retinopathy,  
PDR – proliferative diabetic retinopathy
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Figure 1. A) No signs of athrophy in IS/OS line. B) Athrophy in IS/OS line in one eye.  
C) Athrophy  in IS/OS line in both eyes
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Table II. Patients assessed before SPK and after SPK

Vod Vos OCT OD OCT OS Retinopathy OD Retinopathy OS Others

Patients assessed before SPK

1. BJ 0.7 0.5 Normal foveal profile,
minor atrophy

Foveal profile
flattening, atrophy

High-risk PDR Moderate PDR, NVE in the 
macular area

No laser therapy

2. JM 0.8 0.9 Normal profile, minor
atrophy

Normal Narrow vessels, PRP Narrow vessels, PRP Phaco (OD and 
OS), PPV (OD)

3. MT 0.3 0,4 Foveal flattening,
atrophy

Foveal flattening,
atrophy

Narrow vessels, PRP Narrow vessels, PRP Phaco (OD), PPV 
(OD and OS)

4. ML 0.9–1 1 Mild edema, early 
signs of atrophy

Normal profile, early
signs of atrophy

Vessel narrowing, PRP Vessel narrowing, PRP

5. DP Loss of
light

perception

Hand
movement
perception

Keratopathy, no view
available

Severe proliferation,
detachment

Severe PDR, tractional 
retinal detachment, PRP

Severe PDR, tractional retinal 
detachment, PRP

PPV OD oil

6. DS. 0.8 – DME, ERM, atrophy No eye High-risk PDR, membranes 
in quadrant IV, PRP

No eye Enucleation (OS), 
status post-PPV

7. KK Hand
movement
perception

0.15 Edema, proliferative
membranes, atrophy

ERM, DME, atrophy PDR, closed vessels, pale 
optic nerve disc, PRP

PDR, closed vessels, PRP PPV OD oil

8. SD 1 0.7 Normal profile,
hypoperfusion

ERM, edema,
hypoperfusion

Mild NPDR, vessel 
narrowing, PRP

Moderate PDR, avascular 
membranes, PRP

Patients assessed after SPK

1. BJ 0.7 0.5 Obliterated foveal
profile, minor atrophy

Foveal profile
flattening, atrophy

High-risk PDR Moderate PDR, NVE in the 
macular area, NVD

Rubeosis iridis 

2. JM 1 1 Minor atrophy Minor atrophy Narrow vessels, 
microaneurysms, PRP

Narrow vessels, 
microaneurysms, PRP

3. MT 0.3 0.2 Foveal flattening,
atrophy

Foveal flattening,
atrophy

Narrow vessels, PRP Narrow vessels, no active 
changes, PRP

Cataract (OS) 

4. ML 0.9–1 1 Mild edema, early 
signs

of atrophy

Normal profile, early
signs of atrophy

Mild PDR, IRMA, NVE, PRP Mild PDR, IRMA, NVE, PRP

5. DP Loss of
light

perception

Hand
movement
perception

No view Detachment Detachment Detachment PPV (OS) oil

6. DS. 0.9 – Atrophy, ERM, traction No eye PDR, avascular 
proliferative membranes 

in quadrant IV, PRP

No eye

7. KK Uncertain 
light 

perception

0.01 No view Atrophy, pseudo
macular hole, DME

No view Closed vessels, pale disc Mature cataract 
(OD)

8. SD 0.8 0.6 Shallow fovea, 
atrophy

Shallow fovea, 
atrophy

NPDR, ERM, isolated 
hemorrhages, PRP

Avascular proliferative 
membranes quandrant III, PRP

DME – diabetic macular edema; ERM  –epiretinal membrane; IRMA – intraretinal microvascular abnormality; NPDR – non-proliferative diabetic retinopathy; OCT –  optical coherence tomography; PDR  – proliferative diabetic 
retinopathy; PPV – pars plana vitrectomy; PRP – panretinal photocoagulation; SPK – simultaneous pancreas-kidney transplantation

in both eyes in 14 patients and in one eye in 12 patients. Of 
note, in the eyes where OCT could not be performed because 
of keratopathy, cataract or vitreous hemorrhages, macular pa-
thologies are also to be expected. 

Among the patients who had undergone SPK one year or 
more previously (17 patients), the OCT findings were close 
to normal in only one patient in both eyes and in another 
patient in one eye. These patients were also found to have 
normal post-transplant creatinine levels. 

Analyzing the eyes in which OCT was done (55 eyes), we 
detected central retinal atrophy in 40 eyes (72 %). Macular 
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edema due to epiretinal membranes was noted in four eyes 
(7%). 

In the group of patients after SPK, we identified a statisti-
cally significant relationship between atrophy developing in 
the photoreceptor line and in the RPE line, as seen on post-
transplant macular OCT, and the level of HbA1 determined 
in the patients’ pre-transplant evaluation. The relationship 
was checked with the ANOVA test. In patients with atro-
phy of the photoreceptor inner/outer segment junction (IS/
OS line), the mean pre-transplant HbA1 level was 10.06% 
(±1.936). However, in the group of patients with atrophy in 
the IS/OS line in one eye the mean pre-transplant HbA1 level 
was 7.41 ±1.469, and in the group without signs of atrophy 
in the IS/OS line on structural OCT scans it was 7.02 ±0.932 
(Figure 1).

In our study group of patients after SPK, normal HbA1 
results were noted both in patients in their first post-trans-
plant year and patients one or more years after the transplan-
tation. The HbA1 level was > 7.0% in just two patients (one 
in the group < 1 year after SPK and one in the group ≥ 1 year 
after SPK). 

We analyzed the status of diabetic retinopathy in all pa-
tients after SPK, taking account of the limitations outlined 
above. We found non-proliferative diabetic retinopathy 
(NPDR) in both eyes in 15 patients (40.5%) and in one eye 
in six patients (16%). Proliferative retinopathy was present in 
12 patients (32%): in six patients in both eyes and in another 
6 patients in one eye (16%) (Table I). 

We examined a total of 71 eyes. Full panretinal photoco-
agulation had been performed in 46 eyes, and partial laser 
therapy in 14 eyes. Only one patient (eight years after SPK) 
had not undergone laser therapy. The patient was diagnosed 
with mild non-proliferative retinopathy in both eyes, with 
only isolated microaneurysms. 

In the group of patients after SPK, a total of 17 individuals 
(46%) had undergone cataract surgery, including 13 (35%) 
with both eyes operated on. Cataract was present in 11 (30%) 
patients, with binocular cataract detected in six of them 
(16%).

A total of eight patients (15 eyes) were subjected to 
an ophthalmic examination according to the protocol out-
lined above before and up to 12 months after the transplanta-
tion (Table II). One patient in the study group was monocu-
lar following enucleation of the other eye due to secondary 
glaucoma that developed after vitrectomy with silicone oil 
endotamponade performed to treat advanced diabetic reti-
nopathy. We noted an improvement in vision in three eyes 
(20%), stabilization in seven eyes (47%), and deterioration in 
five eyes (33%). In this group, seven patients (87.5%) had un-
dergone panretinal photocoagulation (13 eyes). Despite laser 
therapy, three eyes exhibited changes consistent with active 
retinopathy, including microaneurysms, IRMA, and active 
neovascularization (densely branching neovascular network 
with preserved blood flow). The patient who had not under-
gone retinal laser therapy had active changes in both eyes. 
He had been referred for laser therapy to a center in his place 

of residence (because of considerable travel distance), but 
the procedure had not been performed before the transplant. 
The post-transplant examination revealed active changes in 
10 eyes (66.7%). In the patient who had not undergone laser 

Table III. Patients assessed for eligibility for SPK

Number of patients 49

Age (years) 38.73l (26-60)

Duration of diabetes (years) 26.04l (5-54)

Pre-Tx laser therapy 41

Pre-Tx dialysis therapy

hemodialysis 32

peritoneal dialysis 4

Visual acuity

< 0.1 in both eyes 2

≥ 0.6 in both eyes 17

≥ 0.6 in both eyes 15

OCT

Photoreceptor atrophy

in both eyes 11

in one eye 19

DME

in both eyes 2

in one eye 11

Only minor changes

in both eyes 13

in one eye 10

Retinopathy grading

No signs of retinopathy 1

NPDR in both eyes 18

in one eye 6

PDR in both eyes 22

in one eye 10

High-risk PDR

in both eyes 9

in one eye 7

PC lens

in both eyes 3

in one eye 10

Own lens

clear in both eyes 13

in one eye 12

cataract in both eyes 5

in one eye 9
SPK – simultaneous pancreas-kidney transplantation; DME – diabetic macular edema; Tx – transplantation, 
OCT – optical coherence tomography, NPDR – non-proliferative diabetic retinopathy, PDR – proliferative diabetic 
retinopathy
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therapy, visual acuity and retinopathy grade (moderate PDR) 
remained stable, but an increase in the number of active le-
sions was observed. 

Among the patients assessed in our center before and 
after SPK, we were able to perform pre-transplant OCT in 
13 eyes. Varying degrees of atrophy in the photoreceptor line 
were found in as many as 10 of them (77%). In only two eyes 
evaluated as part of the pre-transplant examination the struc-
tural OCT findings were close to normal, while the eye where 
angio-OCT was performed showed signs of hypoperfusion. 
After the transplantation, both eyes exhibited atrophy in 
the IS/OS line. Post-transplant OCT examination was pos-
sible in 12 eyes, with atrophy in the IS/OS line found in all 
of them (100%).

 As part of eligibility assessment for pancreas-kidney 
transplant, we evaluated a total of 49 patients with type 1 dia-
betes mellitus. The mean age of the patients was 38.73 years 
(Table III), and the mean time since the diagnosis of diabetes 
was 26.04 years. During the assessment of eligibility, 36 pa-
tients (73%) were on dialysis. The majority (32 patients, 65%) 
received regular hemodialysis and four patients (8%) were 
treated with peritoneal dialysis. A total of 41 patients (84%) 
in this group had previously undergone retinal laser therapy. 
Of the total group, one patient had no visible signs of diabetic 
retinopathy in the stereoscopic fundus examination. This was 
a patient with type 1 diabetes mellitus and agenesis of the left 
kidney, in whom failure of the sole kidney had not occurred 

as a result of diabetic nephropathy. However, we found pro-
liferative diabetic retinopathy in 32 patients (65%), including 
22 patients (45%) with both eyes affected. Nine patients (18%) 
had high-risk proliferative retinopathy in both eyes and seven 
(14%) in one eye. Visual acuity of 0.6 or better in both eyes 
was noted in 17 (35%) patients and in one eye in 15 (31%) 
patients. Only two (4%) patients had a visual acuity of < 0.1 
in both eyes. A total of 13 (26%) patients had previously un-
dergone cataract surgery, of whom three had artificial lenses 
in both eyes. Only 13 (26%) patients had a clear lens in both 
eyes. Cataract was present in 14 (28%) patients, including 
binocular cataract in five (10%) individuals. OCT was car-
ried out in 85 eyes, with atrophy in the IS/OS line identified 
in 40 eyes (47%). In 15 eyes (18%), the macular findings seen 
on structural OCT were close to normal, while in the eyes in 
which angio-OCT could be performed we found evidence for 
macular hypoperfusion. 

DISCUSSION
Our study, conducted in a group of patients after SPK, re-

vealed a statistically significant relationship between the devel-
opment of atrophy in the photoreceptor inner segment/outer 
segment junction (IS/OS line), as seen on macular OCT, and 
the level of HbA1 determined in the patients’ pre-transplant 
evaluation. This correlation provides evidence for the impor-
tance of successful glycemic control in inhibiting the develop-
ment of diabetic retinopathy. Recurrent episodes of hyperglyce-

Figure 2. OCT A of a patient assessed for eligibility for SPK. Deficiencies in superficial and deep capillary plexuses, enlargment of the foveal avascular zone (FAZ)
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Figure 3. Sample photos of patients assessed for eligibility for SPK. A) Proliferative membranes on optic disc; narrow arteries partially ocluded, maculopathy, 
panretinal photocoagualtion. B) Narrow arteries partially ocluded, panretinal photocoagualtion, spots also inside of vascular arcade. C) Scar in the macular area.  
D) Vascularized proliferative membranes along the arcades obscuring macular area. E) Avascular proliferative membranes along the lower arcade and macular area. 
F) Proliferative membranes on optic disc, along the vascular arcades, and temporaly from the macula with multiple tractions, ERM creating folds on retinal surface

mia over the course of many years cause permanent damage to 
the retina. Hyperglycemia activates the polyol pathway, leading 
to the accumulation of sorbitol which, in turn, induces osmotic 
stress, decreased activity of the sodium-potassium pump, and 
depletion of other antioxidant mechanisms. These processes 
have a crucial impact on the condition of the retina which, 
as a neurovascular tissue (composed of 5% blood vessels and 
95% neurons and glial cells [23]), is highly sensitive to oxida-
tive stress [24, 25]. Hyperglycemia also induces the synthesis 
of growth factors, neuronal apoptosis, accumulation of AGEs 
(advanced glycation end-products), and activation of protein 
kinase C. This results in permanent neuronal damage, loss 
of pericytes, uncontrolled endothelial growth, and thickening 
of the basement membrane [26]. It needs to be highlighted that 

these pathologies develop before any changes can be seen in 
the fundus of the eye. 

Pancreas transplantation leads to the normalization of gly-
cemia and HbA1C levels without the need for insulin therapy, 
and helps avoid the risk of hypoglycemia [27]. The trans-
planted pancreas retains the pulsatile nature of insulin re-
lease. Glucagon secretion in response to hypoglycemia is also 
restored [28]. The return of insulin production has a benefi-
cial effect on autonomic neuropathy, which is manifested by 
improved hormonal response to hypoglycemia, normalized 
heart rate variability, gastric emptying time, and better skin 
temperature regulation [29]. Other observed benefits include 
improved lipid metabolism, reduced triglyceride and LDL 
cholesterol levels, and elevated HDL levels. 

A B
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The prevailing view is that pancreas transplantation has 
benefits for the treatment of diabetic retinopathy on the con-
dition that it is performed early. Studies conducted on rats 
with induced diabetes mellitus showed that pericytes and en-
dothelial cells in retinal capillaries became damaged at an ear-
ly disease stage. Improvement in the condition of the capil-
laries within the superficial and deep capillary networks and 
reduced incidence of cataract were observed only in the rats 
that received the transplant early (i.e. two weeks after diabetes 
induction). In the late transplant group (performed 12 weeks 
after the induction of diabetes), no improvement in vascular 
condition or decrease in cataract incidence was observed [30].

The results of our study are consistent with these findings. 
In the post-SPK group, as many as 72% of patients were found 
to have central retinal atrophy, and 14% – diabetic macular 
edema. It may be assumed that the vast majority of eyes that 
were not amenable to assessment because of the loss of trans-
parency of the optical media also show a significant degree 
of damage in the posterior pole, and the photoreceptors were 
already damaged prior to the transplant procedure. 

In the group of patients assessed for eligibility for SPK, 
atrophy in the photoreceptor line seen on structural OCT 
was found in 47% of eyes. Only in 18% of eyes the macular 
findings on structural OCT were close to normal. In diabetic 
patients, when structural OCT reveals a normal macular ap-
pearance and stereoscopic examination shows no abnormali-
ties in the eye fundus, angio-OCT commonly reveals macular 
hypoperfusion. Angio-OCT is a highly sensitive method for 
detecting early retinal changes associated with diabetic retinop-
athy (Figure 2). Retinal vascular damage induced by diabetes 
is relatively well understood. Nevertheless, considerably less is 
known about the pathomechanism underlying retinal neuro-
nal damage: ganglion cell atrophy and degeneration in the in-
ner nuclear layer which are characterized by a very early onset 
and precede vascular changes [31–33]. In cases where macular 
changes are significant, the normalization of glycemia, blood 
pressure and lipid metabolism does not contribute to improv-
ing vision (Figure 3). Despite all these limitations, more than 
half of all patients (51%) had a visual acuity of ≥ 0.6, which al-
lows independent functioning, at least in one eye. Visual acuity 
values of < 0.1 in both eyes were obtained in 22%.

In the group of patients assessed in our center before and 
during the first year after SPK (8 patients), improved vision 
was noted in 20%, stable vision in 47%, and deteriorated vi-
sion in 33% of eyes. Unfortunately, because of factors includ-
ing the need to travel long distances from their homes to 
our center and, in many cases, mobility difficulties related to 
the patients’ general health status and life situation, this was 
a small group. Among these patients, signs of active diabetic 
retinopathy were detected in 33% and 67% of the eyes before 
and after SPK, respectively. This observation is consistent 
with the findings of the Diabetes Control and Complications 
Trial (DCCT). The study showed that a decrease in HbA1 to 
normal levels during the first year elevated the risk of reti-
nopathy progression, and it was not until three years after 
the commencement of strict glycemic control that a 54% re-

duction in the risk of significant progression of retinopathy 
was noted [34]. The conclusion of the DCCT study is that 
close ophthalmic monitoring is required during the intensi-
fication of diabetes treatment [35]. The findings of our study 
are consistent with this conclusion. After SPK, patients attain 
very good glycemic control. During the first post-transplant 
year, an increase in the number of active changes associated 
with diabetic retinopathy is observed, which is why close oph-
thalmic monitoring is necessary and supplementary photo-
coagulation should be performed where necessary. To reduce 
the risk of progression of diabetic retinopathy after pancreas 
transplantation, it is advisable to stabilize the patient’s retina 
in preparation for the transplant procedure through photo-
coagulation and/or anti-VEGF therapy.

The results of studies evaluating the effects of pancreas 
transplantation on the status of diabetic retinopathy are in-
conclusive, and benefits are usually seen after a longer follow-
up. A study comparing the outcomes of patients after SPK in 
whom pancreatic graft function was normal (22 patients) with 
patients in whom the pancreas transplant failed (16) revealed 
no differences in retinopathy progression during the first two 
years of follow-up [36]. Ramsay et al. concluded that a success-
ful pancreas transplant and the resulting normoglycemia nei-
ther reverses the damage associated with diabetic retinopathy 
nor prevents its progression. In contrast, Ulbig et al., in a study 
with longer patient follow-up (mean > 3 years, up to 6 years), 
observed vision improvement in 32% of patients, stabilization 
in 46%, and deterioration in 22% [37]. In their comparison 
of a group of 30 patients after SPK with a control group of 15 
patients after SPK and pancreatic graft rejection, Kőnigsrainer 
et al. observed stabilization of retinopathy in 73%, improve-
ment in 8.8%, and deterioration in 17.7% of eyes in patients 
after successful pancreas and kidney transplantation. The au-
thors concluded that a successful pancreas transplant had 
a beneficial effect on the treatment of diabetic retinopathy [38]. 
The positive impact of successful pancreas transplantation on 
the stabilization or improvement of diabetic retinopathy was 
also reported by other authors [39–41].

To produce an improvement in vision, the transplanta-
tion procedure must be carried out before the onset of ir-
reversible damage in the retina. Currently, the majority 
of transplant procedures are performed in patients with end-
stage renal disease, who usually present with very advanced 
diabetic retinopathy. It needs to be highlighted that the pri-
mary changes underlying retinopathy – neuronal dam-
age and pathological capillary remodeling – occur before 
the first microaneurysms can be identified. Deteriorating 
kidney function (rise in creatinine level, loss of albumins, 
increasing endothelial cell dysfunction, growing oxidative 
stress) accelerates the cascade of damage in the retinal neu-
rons and the capillary network. Diabetes is associated with 
simultaneous disorders in the deep retinal capillary network 
(visible on angio-OCT) and disruption in the choroidal cir-
culation due to impairment in autoregulation mechanisms, 
which leads to increasing oxygen deficit of photoreceptors 
and their progressive damage [42].
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Most patients undergo panretinal photocoagulation be-
fore transplantation. The procedure is often very intensive and 
covers the area within the arcades. The Diabetic Retinopathy 
Study showed that appropriate and timely laser therapy re-
duced the risk of severe vision loss by at least 50% in patients 
with proliferative diabetic retinopathy [43]. Nonetheless, it is 
also important to bear in mind the negative effects of panreti-
nal photocoagulation such as increasing macular edema [44, 
45], significant decrease in the peripheral visual field, impair-
ment of color vision [46, 47] and night vision [48], and re-
duced contrast sensitivity. Many patients scheduled for trans-
plantation already have a history of cataract surgery and/or 
vitrectomy. The degree of achievable improvement is strongly 
limited by previous significant and largely irreversible damage 
to the eye. 

SUMMARY
It has been debated for years whether successful pan-

creas-kidney transplantation improves or stabilizes the or-
gan of vision. Based on the findings of our study, it can be 
concluded that the baseline status of patients has a key im-
pact on the treatment outcomes that can be achieved. In 
the group of patients after SPK, we found a statistically sig-
nificant relationship between the development of atrophy 
in the photoreceptor inner segment/outer segment junc-
tion (IS/OS line) on macular OCT after the transplant and 
the level of HbA1 determined in the patients’ pre-transplant 
evaluation. Furthermore, in the group of patients assessed 
for eligibility for SPK, we detected atrophy in the IS/OS line 
in 47% of eyes on structural OCT, while in the eyes that 
showed no changes on structural OCT, there was expansion 
of the avascular zone and capillary atrophy within the deep 
retinal capillary plexus. 

Despite these limitations, more than half (51%) of the pa-
tients after SPK have a visual acuity of > 0.6 at least in one 
eye, which is sufficient for independent functioning, and 27% 
in both eyes. Poor visual acuity (< 0.1) in both eyes, which 
severely impairs the ability to perform the activities of daily 
living, was found in 22% of patients after SPK.

CONCLUSIONS
1. The level of HbA1 before simultaneous pancreas-kidney 

transplantation is correlated with post-transplant damage in 
the IS/OS line seen on OCT. Retinal alterations due to poor 
diabetes control before transplantation determine the extent 
of improvement in visual acuity that can be achieved in pa-
tients even after long-term post-transplant normalization 
of glycemia. 

2. Patients after SPK require frequent and comprehensive 
ophthalmological follow-up examinations during the first 
post-transplant year because of the risk of retinopathy pro-
gression. To reduce the risk of progression of diabetic reti-
nopathy after pancreas transplantation, it is advisable to sta-
bilize the retina in preparation for the transplant procedure 
via photocoagulation and/or anti-VEGF therapy.

3. Despite the limitations resulting from their baseline 
status, more than half of all patients after SPK (51%) have 
a visual acuity of > 0.6 at least in one eye, which is sufficient 
for independent functioning.

4. In addition to diabetic nephropathy, patients assessed 
for eligibility for SPK have diabetic retinopathy, macular OCT 
changes (hypoperfusion visible on angio-OCT scans). Almost 
half of them have atrophy in the IS/OS line. 
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