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Introduction 
Diabetes mellitus (DM) is a major medical problem throughout the world. In 2013, 

there were an estimated 3.0 million (6.6%) people between 16 and 79 years old with 
diabetes in the United Kingdom (UK), and this number is projected to rise to 3.6 million 
(7.4%) by 2035 [1]. Diabetes remains associated with an excess risk of mortality in 
all age groups over 20 in the UK [2]. Proliferative diabetic retinopathy (PDR), one of 
the main microvascular complications of DM, has a major impact on the quality of life. 
Laser photocoagulation remains the standard treatment, with vitrectomy being an 
established treatment for complications of PDR [3]. The main indications for surgery 
are non-clearing vitreous haemorrhage (VH) and tractional retinal detachment 
(threatening or involving the macula). To our knowledge there is only one previously 
published epidemiological study on survival rates after vitrectomy in patients with 
diabetes in the UK population [4]. The other few published epidemiological studies on 
survival of diabetic patients after vitrectomy have related to different populations [5-9].

We investigated the survival of patients with PDR undergoing vitrectomy in a 
UK regional surgical retina service and the relationship with systemic risk factors. 
In addition, we described a predictive relationship between vitrectomy and death 
using a population from our well established and comprehensive diabetic screening 
programme.

Methods
All patients undergoing their first vitreoretinal operation for PDR in calendar 

years 2000 and 2006 (Group A) were identified from the operating theatre database. 
These years were chosen to give a minimum of 10 and 5 years follow up, respectively, 
in order to compile meaningful mortality statistics. Data on age, gender, age at 
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Abstract
Purpose: To describe survival rates of patients with diabetes undergoing vitrectomy 

and relate these to clinical risk factors. 

Methods: Patients undergoing their first vitrectomy for proliferative diabetic retinopathy 
in a UK regional surgical retina service in 2000 and 2006 were identified (group A). A 
second group was identified from those undergoing screening for diabetic retinopathy 
(group B) in 1998. Survival (determined up to July 2011) and risk factors (hypertension, 
hypercholesterolemia, nephropathy, and neuropathy) were analysed by the Kaplan-Meier 
life method. 

Results: The 3 and 5 year survival rates for group A were 69% (60/87) and 49% (43/87) 
and for group B 91% (132/145) and 83% (120/145), respectively. All cases in group A with 
known cardiac disease had died within 5 years of their surgical procedure. The difference 
between group A (n=87) and group B (n=148) for overall survival was highly statistically 
significant (p < 0.0001).

Conclusions: Vitrectomy in patients with diabetes is a predictor of reduced life 
expectancy, particularly in the presence of cardiovascular disease. Our work highlights the 
urgent need to improve the quality of medical care in patients with ‘high risk’ eye disease. 
This should be focused on by diabetologists and ophthalmologists and specific care 
pathways developed for these patients.
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diagnosis, duration of DM, insulin usage and survival status 
were obtained from cases notes. Presence of coronary heart 
disease (CHD) (history of myocardial infarction, angina, cardiac 
medications or electrocardiographic evidence of ischaemia), 
hypertension (systolic >140mmHg), high cholesterol levels 
(>5mmol/lt, >200mg/dl), nephropathy (patient aware of kidney 
disease, undergoing dialysis, undergone renal transplantation), 
neuropathy (reported sensory abnormality) and number of 
vitreoretinal operations were also recorded. This study adhered 
to the tenets of the Declaration of Helsinki. Consent for the use of 
data for research and audit was routinely obtained prospectively 
from patients. Institutional board approval was not required 
because this was a service evaluation.

Type 1 DM was defined as age of onset <30 years with insulin 
usage and Type 2 as onset ≥40 years of age. Patients with onset 
between 30 and 39 years were classified as Type 1 if they were 
on oral hypoglycaemic agents for less than 1 year before insulin 
initiation, and Type 2 if they were on tablets for more than 1 year 
prior to insulin.

For comparison, survival status in a random sample of patients 
undergoing screening for diabetic retinopathy in a systematic 
programme between 05.01.98 and 22.12.98 (Group B) was 
examined. This time period was chosen to give adequate follow up 
to assess survival status in this group. The screening programme 
in Liverpool is comprehensive with high coverage and has been 
in place for over 20 years. Survival status was determined up to 
July 2011. Patients dying from a disease not related to diabetes 
and other risk factors were excluded from the cohort. Data from 
Group B was used to demonstrate the difference in survival rates 
in patients without sight threatening diabetic retinopathy. The 
groups were not matched.

Data were analysed by the Kaplan-Meier procedure. For 
univariate analysis of risk factors, cumulative survival was 
compared using the log rank test and the Wilcoxon method: a 
result was considered of statistical significance if it was significant 
with both tests. For multivariate risk factor analysis we used the 
Regression with Life Data facility of Minitab 13.1, which applies 
a Newton-Raphson algorithm to derive a maximum-likelihood 
estimate of the model parameters, and tests their significance by 
a z-test. 

Results 
Two hundred and thirty two patients were included, 

comprising 87 vitrectomy patients (Group A) and 145 other 
diabetic cases (Group B). The clinical and demographic data for 
the two groups of patients are shown in Table 1. The groups 
differed with regard to duration of diabetes, estimated mean age 
of onset and proportion on insulin.

In Group A, seventy five operations were carried out for 
VH and 22 for tractional retinal detachment; 10 patients were 
operated on twice. One patient with florid diabetic retinopathy 
received a pre-operative injection of bevacizumab. The mean age 
at onset of DM was 37 years (range 4 to 70). Thirty three patients 
in group A (38%) were classified as Type 1 and 54/87 (62%) 
as Type 2, of whom 14 were using insulin. Thirty three patients 
died during the follow-up period; the mean time of survival after 
first operation was 2.5 years (range 12 days - 7.5 years) and the 
mean age at death was 68 years (range 24-92 years). Mean time 

between surgery and last follow-up for survivors was 3.8 years 
(range 3 months - 9.9 years). Systemic events identified at first 
operation were distributed as follows: history of heart disease 
36/87 (41.4%), high cholesterol 49/87 (56.3%), hypertension 
73/87 (83.9%), nephropathy 20/87 (23%) with 8/87 (9.2%) on 
dialysis and neuropathy 17/87 (19.5%). Missing data comprised: 
age at onset of diabetes 16/87 (18.3%), cholesterol 7/87 (8%) 
and renal status 2/87 (2.2%). 

Group B consisted of a random computer selection of the 4601 
patients screened in 1998. In 3 patients there was no information 
about their survival status and these patients were excluded, 
leaving a total of 145 patients for analysis. The mean age at onset 
of DM was 57 years (range 19-88) with a mean duration of 5.5 
years (range 2 months - 28 years). Nine patients were classified 
as Type 1 and 134 as Type 2, of whom 2 were using insulin. 

In group A on univariate analysis the following factors were 
significantly associated with poorer survival after vitrectomy: 
evidence of CHD (log rank and Wilcoxon both p<0.001) 
and neuropathy (log rank p=0.003, Wilcoxon p=0.027). The 
relationship between survival and heart disease in Group A 
is illustrated in Figure 1. The 3 year survival rates of patients 
with CHD or neuropathy were 0.51 ± 0.09 and 0.50 ± 0.13 
respectively. No association with age, sex, duration of disease or 
type of treatment was detected. Results of a multivariate analysis 
that included age, CHD, nephropathy, neuropathy and type of 
diabetes indicated that CHD was the most important risk factor 

Patient characteristics
Patients undergoing 

vitrectomy
(group A)

 Non-vitrectomy   
patients

  (group B)
N 87 145
Male 47 72
Female 40 73
Mean age at onset of diabetes (years) 37 57
Mean duration (years) 24 5.5
Mean age at start of study (years) 58 62
Patients on insulin 47/87 (54%) 11/145 (8%)
Mean age at death (years) 68 75

Table 1: Clinical and Demographic Characteristics for Groups A and B.

Figure 1: Survival of patients with and without a history of heart disease in the 
vitrectomy group (Group A). Nonparametric survival plot using the Kaplan-Meier 
method.
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Figure 2: Survival of patients in the vitrectomy group (Group A) and the 
non-vitrectomy group (Group B). Nonparametric survival plot using the 
Kaplan-Meier method.

for survival. The 3 and 5 year and median overall survival rates of 
Group A are shown in Table 2: the median survival for all patients 
undergoing vitrectomy was 4.5 years. All patients with either 
CHD or neuropathy had died in less than 5 years following their 
first surgical procedure. Patients without these risk factors had 
greater survival rates so that their median survival times could 
not be calculated because they were never reached. 

Table 3 shows the mortality differences between the two 
groups, in the form of probability of surviving. The 3 year death 
rate of group A was 3.4 times higher than of group B [(1-0.69)/(1-
0.91)]. The 5 year death rates differed by a factor of 3 [(1-0.49)/
(1-0.83)]. For vitrectomy patients with a history of CHD, the death 
rate over a 3 year or 5 year period was more than 5 times that of 
patients with diabetes in general. The greater mortality of those 
patients requiring vitrectomy, compared to those patients not 
requiring surgery, is shown in Figure 2. The difference between 
these two groups for overall survival was statistically highly 
significant (p < 0.0001) by both the log-rank method and the 
Wilcoxon method. 

Discussion
In this study we aimed to describe a predictive relationship, 

not a causal one, between vitrectomy and survival. For this 
purpose, confounding factors did not need to be eliminated or 
controlled for. We demonstrated that vitrectomy in patients with 
DM is a predictor of reduced life expectancy, particularly in the 
presence of cardiovascular disease. The 3 and 5 year death rates 
for diabetic patients requiring vitrectomy were 3.4 and 3 times 
that for patients not undergoing vitrectomy. Coronary heart 
disease was a major risk factor associated with a significantly 

elevated death rate. Neuropathy was also associated with shorter 
survival rates, but this association was weaker and statistically 
less significant. 

This study has several strengths; it provides recent data and 
precise timing of survival for patients with diabetes undergoing 
vitrectomy in a UK regional surgical retina service. Furthermore, 
we have shown that patients undergoing vitrectomy for PDR are 
a very high risk group since 50% died within 5 years including 
all the patients with CHD. Although there is a big difference in 
severity between the 2 groups, this difference is not a weakness 
of the study but the main point. We believe that matching the two 
groups, if it were feasible, would be counterproductive, because 
the major differences in the state of health between vitrectomy 
patients and other patients with diabetes is what we are drawing 
attention to. The need for eye surgery is strongly associated with 
advanced disease as seen by high mortality, and a large part of 
the relevance of the findings is that such patients need more 
resources, more monitoring and more intensive management of 
their condition.

The aim of the study was not to claim a causal relationship. 
Even if we had claimed a causal relationship, the differences in age 
and sex and insulin treatment could not account for the difference 
in mortality. Our two groups had only a modest difference in sex 
ratio, whereas the difference in mortality rates was huge. The 
difference in the proportions being treated with insulin could 
not account for any of the mortality difference between the two 
groups either, because the relationship between treatment and 
mortality was in the wrong direction to explain our findings. 

Limitations of this study include a possibility of selection 
bias, since patients and controls were selected at different time 
intervals. Also the number of patients and controls is relatively 
small compared to the high number of risk factors analysed. 
Lastly, by including patients operated in 2000 and 2006 only, 
the vitrectomy group may be inhomogeneous. However in our 
experience, treatment strategies were similar between these 
periods.

It is well recognised that the presence of PDR indicates 
advanced microvascular and macrovascular disease and is 
associated with reduced survival [5,6]. Data from follow up of 
patients in the Early Treatment Diabetic Retinopathy Study 
showed that the hazard ratio for the risk of mortality in patients 
with Type 2 diabetes increased from 1.37 for patients with 

Subgroup
Proportion
surviving    
3 years

Proportion 
surviving     
5 years

Median survival 
(years)

All patients undergoing vitrectomy 0.69 ± 0.06 0.49 ± 0.07 4.5
History of heart disease 0.51 ± 0.09 0 3.4
No history of heart disease 0.84 ± 0.06 0.81 ± 0.06 Not calculable
History of neuropathy 0.50 ± 0.13 0 4.2
No history of neuropathy 0.75 ± 0.06 0.60 ± 0.07 Not calculable

Table 2: Estimated 3 and 5 year survival rates ± SE and median overall survival 
after first vitreoretinal operation for Group A (SE=standard deviation).

Group / subgroup N
Proportion  
surviving  
3 years

Proportion  
surviving  
5 years

Proportion  
surviving  
10 years

Group A   

All Patients 87 0.69 ± 0.06 0.49 ± 0.07
Diabetes mellitus type I 33 0.83 ± 0.08 0.71 ± 0.10
Diabetes mellitus type II 54 0.63 ± 0.07 <0.38
History of heart disease 36 0.51 ± 0.09 0
No history of heart 
disease 51 0.84 ± 0.06 0.81 ± 0.06

Treated with insulin 47 0.70 ± 0.08 0.49 ± 0.10
Not treated with insulin 40 0.68 ± 0.08 0.48 ± 0.09

Group B 

All Patients 145 0.91 ± 0.02 0.83 ± 0.03 0.68 ± 0.04
Treated with diet only 58 0.93 ± 0.03 0.84 ± 0.05 0.74 ± 0.06
Treated with oral 
hypoglycaemic agents 76 0.88 ± 0.04 0.80 ± 0.05 0.59 ± 0.06

Treated with insulin alone 11 1.00 1.00 0.91 ± 0.09

Table 3: Mortality differences are shown in the form of probability of surviving, 
along with standard error where it is calculable. Blank cells indicate lack of 
relevant data.
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would be required to assess whether more intensive intervention 
will change the course of the disease, we strongly believe that 
patients with diabetes, when presenting to vitreoretinal clinics 
and requiring vitreous surgery, need particular attention. 
These patients have a 5 times higher death rate than patients 
not requiring posterior segment surgery. It is essential that 
vitreoretinal specialists and diabetologists develop a common 
care pathway for these patients. Vitreoretinal specialists should 
not only focus on the eye. Diabetologists must have a high level 
of awareness of the significance of vitrectomy for PDR. Both 
should consider working in closer proximity and also link closely 
with cardiologists. More trained nurses in the clinics are also 
required for better patient support. Our findings will be useful 
in counselling patients who are referred for vitreous surgery 
and in guiding public policy decisions regarding management of 
patients with diabetes.

Conclusion
It is well recognised that patients undergoing pars plana 

vitrectomy for complicated diabetic retinopathy are a subgroup 
of very ill patients. This study provides recent data and precise 
timing of survival for diabetic patients undergoing vitrectomy 
in a UK regional surgical retina service. It confirms that patients 
undergoing vitrectomy for PDR are a very high risk group, since 
49% died within 5 years and none with heart disease were still 
alive. The findings from this paper will be useful in counselling 
patients referred for vitreous surgery, and in guiding public policy 
decisions regarding management of patients with diabetes.
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