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ABSTRACT
Introduction. Tractional retinal detachment remains a leading cause 
of severe, persistent vision loss in those with diabetic retinopathy. The 
purpose of this study was to investigate factors in treatment history 
associated with outcomes of surgical repair for diabetic tractional 
retinal detachments.  
Methods.xA retrospective, cohort study design was used. Data on 64 
eyes that underwent surgical correction for diabetic tractional retinal 
detachment were analyzed. For eyes that received any treatment within 
three months of surgery, the entire treatment history was recorded and 
analyzed. Eyes with no recorded treatment or only remote treatment 
outside of three months prior to surgery were considered treatment 
naïve.  
Results. Of all eyes, 56% (n = 36) had received treatment for prolifera-
tive diabetic retinopathy in the three months prior to surgery. Among 
those treated, 50% (n = 18) of eyes had both laser and bevacizumab 
treatments and 44% (n = 16) had only bevacizumab injections. Average 
best corrected visual acuity (BCVA) for all eyes improved from 1.68 
LogMAR (20/1,000) pre-operatively to 1.34 (20/400) post-operatively, 
p = 0.0017. Average BCVA in eyes with pre-operative treatment history 
improved from 1.73 (20/1,000) pre-operatively to 1.09 (20/250) post-
operatively, p = 0.0006. Average BCVA in treatment-naïve eyes was 
1.60 (20/800) pre-operatively and 1.66 (20/1,000) post-operatively, p 
= 0.638. Eyes treated only with intravitreal injections had an improve-
ment in BCVA from 1.81 (20/1,200) pre-operatively to 0.91 (20/160) 
post-operatively, p = 0.006. There was no difference between tampon-
ade agents when comparing mean change in BCVA, p = 0.944.  
Conclusions. There was a relationship between intravitreal injection 
treatment history and a large improvement in BCVA, and a similar 
association between combined laser and injection treatment history 
and improvement in BCVA. These relationships, however, were not 
present when controlling for confounders in multivariate analysis. 
There were likely other factors in the patient’s treatment history such as 
timing, quantity, and order of treatments that played a role in the bivari-
ate association observed in this study. Kans J Med 2022;15:123-126

INTRODUCTION
Diabetic retinopathy is a pervasive complication of diabetes mellitus, 

with an estimated prevalence of 28.5% to 40.3% among U.S. adults 
40 years or older with diabetes mellitus.1,2 Among this same popula-
tion, the prevalence of vision-threatening retinopathy, defined as severe 

non-proliferative retinopathy, proliferative diabetic retinopathy (PDR), 
or macular edema, is estimated to be 4.4% to 8.2%.1,2 

Although laser photocoagulation treatment for proliferative diabetic 
retinopathy is associated with favorable long-term visual acuity sta-
bility in most patients,3 tractional retinal detachment (TRD) remains 
a leading cause of severe, persistent vision loss in those with diabetic 
retinopathy.4 Despite better control of PDR with intravitreal injections 
as an adjunct to laser,5 and effective control of non-proliferative diabetic 
retinopathy (NPDR) with intravitreal injections alone,6 once a retinal 
detachment has developed, surgery is the only remaining intervention 
to prevent profound blindness. Pars plana vitrectomy (PPV) can be 
effective in improving anatomical and visual outcomes in patients with 
TRD.7 Newer 23 and 25 gauge vitrectomy systems and even hybrid 
techniques have shown non-inferior outcomes to older 20 gauge 
instruments while offering advantages such as shorter operating times, 
reduced pain and inflammation,7-11 minimal induced astigmatism, and 
improved patient comfort.10 

Significant research has been done to identify outcome predic-
tors among patients undergoing PPV for diabetic complications, with 
focus on surgical technique or pre-existing conditions.7-9,12 For instance, 
the use of silicone oil as a tamponade agent has been associated with 
poorer outcomes when compared to C3F8 or SF6 gasses.7-9 Regardless 
of poor outcomes in certain cohorts, the overall success rate defined as 
final anatomical reattachment approaches 80% for all studied eyes.7 

Although several studies and case reports have explored bevacizumab 
as a pre-surgical treatment,12-17 little research focus has been given to 
pre-surgical treatment history of intravitreal injections and laser photo-
coagulation as outcome predictors for surgical repair of diabetic TRD. 
The purpose of this study was to identify factors in treatment history 
associated with outcome measures (i.e., change in visual acuity and 
retinal re-attachment rate) among patients who underwent surgical 
repair of diabetic tractional retinal detachments.

METHODS
Participants. A retrospective chart review was performed at a single 

ophthalmology group practice for patients seen between January 1, 
2011 and June 15, 2018 inclusive. Eligible patients were 18 years or 
older who underwent surgical repair of diabetic TRD. Patients who had 
fewer than 30 days of post-operative follow up were excluded.

Instrument. A list of eligible patients was compiled by filtering 
International Classification of Disease (ICD) and Current Procedural 
Terminology (CPT) codes for patients with diabetic retinopathy who 
underwent surgical repair of either vitreous hemorrhage or retinal 
lesion. A list of 445 patients was generated, from which patients who 
met the inclusion criteria were selected by co-investigators. Data were 
abstracted into REDCap®.18 Data collected included patient demo-
graphics, pre-operative baseline measurements [e.g., treatment history, 
best corrected visual acuity (BCVA), intraocular pressure (IOP), and 
macula involvement], operating surgeon, surgical instruments and 
materials (e.g., instrument gauge, tamponade agent), post-operative 
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measurements (e.g., peak BCVA, IOP, anatomical success), intra- and 
post-operative complications, hypertensive status, hemoglobin A1C, 
and renal status (i.e., dialysis). 

If an eye received treatment in the three months prior to surgery, 
all treatment history for diabetic retinopathy was recorded regard-
less of date of administration. A remote history of treatment outside 
of the three months prior to surgery also was recorded, but these eyes 
were considered treatment-naïve for the purpose of this study, as three 
months has been used previously as a washout period when studying 
intravitreal bevacizumab.19 All visual acuity measurements were con-
verted to log of the minimum angle of resolution (logMAR) notation 
for analysis.20

Procedures. This study was approved by the University of Kansas 
School of Medicine-Wichita’s Human Subjects Committee and the 
ophthalmology practice’s privacy officer. All work was compliant with 
the Health Insurance Portability and Accountability Act of 1996, and 
the research adhered to the tenants of the declaration of Helsinki. A 
retrospective chart review was performed, data were abstracted, de-
identified, and analyzed in SAS (Version 9.4) software (SAS® Int. Inc., 
Cary, NC).

Statistical Analysis. Descriptive statistics for nominal, categori-
cal, and continuous variables were conducted using PROC FREQ and 
PROC UNIVARIATE in SAS. Shapiro-Wilk was used for the test of 
normality of continuous variables. Bivariate analysis was conducted 
using treatment type, surgeon, tamponade agent, and pre-operative 
characteristics [e.g., rhegmatogenous retinal detachment (RRD), 
macula involvement, and dialysis] by pre-operative to post-operative 
change in BCVA. Retinal re-attachment rate was not included as an 
outcome measure for statistical analysis due to all but one eye achiev-
ing anatomical re-attachment. In case of non-normal distribution with 
appropriate transformation operations, the rank transform approach to 
nonparametric methods was used as combination of PROC RANK and 
PROC GLM in SAS to enable use of covariates in the models tested for 
change in BCVA. Several longstanding nonparametric tests including 
Kruskal-Wallis are either exactly equivalent to rank transform tests 
or are nearly equivalent to them. Covariates-adjusted least-squares 
means (to estimate the marginal means over a balanced population) 
were used for pairwise comparisons of groups by Tukey test using 
Kramer adjustment. All statistical tests at p ≤ 0.05 were significant.

RESULTS
A total of 64 eyes from 53 patients were included in the study (Table 

1). Eyes that had  pre-or post-operative acuities of light perception (LP) 
or no light perception (NLP) could not be converted to LogMAR.20 
Two eyes improved from LP to count fingers (CF), three eyes improved 
from LP to hand motion (HM), and one eye improved from NLP to 
HM. One eye developed neovascular glaucoma and worsened from 
20/400 to NLP.

Table 1. Patient characteristics.
Variable
Number of eyes 64
Number of patients 53
Number (percent) of eyes in males 26 (41%)
Number (percent) of eyes in females 38 (59%)
Mean age at surgery (years) 49
Mean pre-operative IOP (mm Hg) 15
Mean post-operative day 1 IOP (mm Hg) 17
Number (percent) hypertensive patients 46 (72%)
Number (percent) dialysis patients 13 (20%)
Number (percent) type I DM 14 (22%)
Number (percent) type II DM 50 (78%)

Of all eyes, 56% (n = 36) had received treatment for proliferative 
diabetic retinopathy in the three months prior to surgery. Among those 
treated, 50% (n = 18) of eyes had both laser and bevacizumab treat-
ments, 44% (n = 16) had only bevacizumab injections, one eye had only 
laser photocoagulation, and one eye had only ranibizumab injections. 
Seventeen percent (n = 11) of all studied eyes had received remote treat-
ment longer than three months prior to surgery, and 27% (n = 17) of all 
studied eyes had no recorded treatment.

Three surgeons operated and used 25G instruments on all proce-
dures except one, which used 20G instruments. Thirty-five percent 
(n = 25) of eyes were tamponaded with silicone oil, 13% (n = 8) with 
C3F8, 14% (n = 9) with SF6, and 14% (n = 9) with air. Sixteen percent 
(n = 10) of eyes had a combined tractional and rhegmatogenous retinal 
detachment, and 31% (n = 20) had macula involvement.

The most common complications were post-operative vitreous 
hemorrhage (38%, n = 24) and re-detachment (9%, n = 6). No intra-
operative complications were reported. Of note, one eye did not achieve 
final anatomical success but BCVA did not change from CF pre-opera-
tively. Among all eyes, mean post-operative IOP was 17 mm Hg (range: 
5 - 38 mm Hg), and 22% (n = 14) of eyes had an IOP greater than 21 
mmHg at the one-day post-operative visit.

Average BCVA for all eyes improved from 1.68 (20/1000, SD 1.07) 
pre-operatively to 1.34 (20/400, SD 1.05) post-operatively, p = 0.0017 
(Figure 1).

Figure 1. Difference in pre- and post-operative means among treatment types. 
*p < 0.05 when comparing pre-operative to post-operative BCVA
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When comparing average change of pre-operative to post-opera-
tive BCVA between treatment types, eyes with treatment history of 
only injections changed 1.031 LogMAR, which was better than 0.091 
LogMAR for treatment-naïve eyes, p = 0.031. Mean change of pre-
operative to post-operative BCVA for eyes with treatment history of 
combined laser and injections was 0.529 LogMAR and was not dif-
ferent from any other treatment types, including no treatment. There 
was no difference between tamponade agents when comparing mean 
change in BCVA, p = 0.944. When comparing post-operative BCVA 
between tamponade agents, silicone oil (1.77 LogMAR, 20/1,200 
snellen) and no tamponade (1.73 LogMAR, 20/1,000) were worse than 
air (0.66 LogMAR, 20/90) and SF6 (0.43 LogMAR, 20/50), p = 0.001. 
C3F8 (1.163 LogMAR, 20/300) was not different from any other agent.

One surgeon’s (A) cases had an average BCVA improvement from 
pre-operative to post-operative of 1.125, p = 0.002, and the other two 
surgeons’ (B, C) mean changes in BCVA pre-operatively to post-oper-
atively were not different than zero (0.217, p = 0.286 and 0.282, p = 
0.086). The improvement by 1.125 for surgeon A was greater than the 
improvements by 0.217 and 0.282 for surgeons B and C respectively, p 
= 0.021. Of note, surgeons A and C had fewer treatment-naïve eyes, and 
surgeon B had the largest number of cases (Table 2).

Table 2. Number of cases by surgeon.
Surgeon A B C
Total number of cases 18 35 11
Treatment-naïve 2 24 1
Any treatment 16 11 9
Laser photocoagulation only 0 0 1
Laser plus injection 8 4 6
Injection only 8 7 2
One injection 7 4 1
Two injections 0 1 0
Three or more injections 1 2 1

Presence of a rhegmatogenous component (p = 0.166) or macular 
involvement (p = 0.273) did not have an association with change in 
visual acuity. Final reattachment was achieved on 98% (n = 63) of eyes. 
Six eyes re-detached, and five were reattached successfully with seven 
more surgeries total. Treatment type (p = 0.158), tamponade agent (p 
= 0.620), or surgeon (p = 0.059) were not associated with a change in 
the pre-operative to post-operative BCVA when analyzed in ANOVA 
(p = 0.092).

DISCUSSION
This study suggested that all eyes with any treatment history, treat-

ment history of injection only, and treatment history of both injection 
and laser had pre-operative to post-operative improvements in visual 
acuity. Nearly half of all eyes (44%, n = 28) in this study had not received 
any form of treatment for their retinopathy in the three months prior to 
the date of surgery. This differed from a prior study that reported only 
15% had untreated eyes.7 By excluding remote treatments beyond three 
months, the current study may have elevated this proportion artificial-
ly. Instrumentation gauge in this study reflected trends of surgeons’ 
increased use of 25G instruments,8-11 and a re-detachment rate of nine
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percent and no reported intra-operative complications in this study 
were consistent with similar literature reports.21 

There appeared to be no consensus for method of reporting visual 
acuity as an outcome of interest, with some studies using categorical 
data to report outcomes,3,7,21 whereas others reported means of pre- 
and/or post-operative acuities.8,9,12,22 The current study averaged the 
delta of the pre- and post-operative BCVA for bivariate and multivari-
ate analysis. While there was no Snellen conversion for a change in 
LogMAR, this method has the advantage of utilizing continuous data 
for the eye’s pre-operative acuity and may better account for the sever-
ity of the disease prior to surgical intervention. While this method may 
overestimate the surgical results of eyes with pre-surgical poor acuity 
due to dense vitreous hemorrhage or other media opacities but an intact 
neurosensory macula, the potential value of controlling a confounding 
factor was worth considering. For example, when analyzing tamponade 
agent by post-operative BCVA, the current study found similar results 
to prior research,7,8 suggesting silicone oil was associated with poorer 
visual outcomes. When using change in pre- to post-operative BCVA, 
however, the current study suggested no difference in results between 
tamponade agents.

In bivariate analysis, treatment type and operating surgeon were 
associated with a change in BCVA. A prior study that retrospectively 
evaluated intravitreal bevacizumab within one month of surgery found 
BCVA improvements in all analysis groups, even those not receiving a 
pre-operative injection.16 The current study expanded on that finding 
in that eyes with a three month or more history of intravitreal injection 
treatment were associated with a large improvement in pre-operative 
to post-operative BCVA. Where this study differed was the suggestion 
that vision in treatment-naïve eyes did not improve pre- to post-oper-
ative. The visual improvement in injected eyes may be a result of the 
better proliferative diabetic retinopathy control physicians are achiev-
ing with injections,23 or an improvement in vitrectomy technique, as 
others have suggested.13,16 

The surgeon (A) with a significant difference between pre- and post-
operative acuities had a low proportion of treatment-naïve eyes and a 
high proportion of eyes with a history of single bevacizumab injections. 
This suggested the surgeon may be using bevacizumab as a pre-treat-
ment for a higher proportion of their surgical cases, and this usage 
pattern certainly fit previous studies’ definition of bevacizumab pre-
treatment.16,17 However, caution must be exercised with bevacizumab 
pre-treatment as there have been reports of rapid progression of TRD 
following intravitreal bevacizumab.14,15 

Regardless, when the variables of operating surgeon, treatment type, 
and tamponade agent were all controlled for in multivariate analysis, 
none of these variables were associated with a change in BCVA from 
pre- to post-operation. This lack of association may be due to other 
factors in the treatment history, such as timing, quantity, or order of 
treatments. While the number of eyes analyzed in the current study was 
like other studies evaluating diabetic TRD outcomes,8,17,22 the relative 
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infrequency of this diabetic complication made it challenging to power 
a study with so many potential confounding factors.

Limitations. Although the study was to include the collection of 
information regarding patients’ control of diabetes and hypertension, 
these data were not readily available in all patients’ charts. Of the 46 
patients who were reportedly hypertensive, blood pressure measure-
ments were not available, although all were documented to be on an 
oral antihypertensive. The length of diabetes prior to surgery and 
hemoglobin A1C also was missing from most charts. These missing 
data prevented this study from controlling for possible systemic con-
founders of hypertension and diabetes control, which have not been 
established to be associated with poor visual outcome, but have been 
theorized to be significant with a larger sample size.22 Another limita-
tion of this study was the lack of control for media opacities, specifically 
dense vitreous hemorrhage and timing of cataract extraction, if per-
formed. This limitation potentially overestimated an association with 
acuity change, but if included, these extra variables likely would dimin-
ish the statistical power of the analysis further.
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