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Purpose. To investigate the clinical features, surgical outcomes, and prognostic factors of combined rhegmatogenous and tractional
detachment (combined RD) in proliferative diabetic retinopathy (PDR) in recent years. Methods. Medical records of PDR and
combined RD treated with vitrectomy from 2008 to 2013 were retrospectively reviewed. Results. A total of 57 eyes from 49 patients
were included. Nine eyes had received panretinal photocoagulation (PRP) and 7 eyes had intravitreal bevacizumab (IVB) within
3 months before RD developed. Thirty-eight eyes (66.7%) had ≧3 sites of broad adhesion of fibrovascular proliferation (FVP).
Thirty-three eyes (57.9%) showed active FVP. Thirty-four eyes (59.6%) had extent of RD involving 3 or 4 quadrants. The primary
reattachment rate was 93.0%, and the final visual acuity (VA) improved bymore than 3 lines in 80.7% of eyes. Neovascular glaucoma
occurred in 4 eyes postoperatively. Poor preoperative VA, severe vitreoretinal adhesion, and broad extent of RD had significant
correlation with poor visual outcomes. Conclusion. PRP or IVB might play a role in provoking combined RD. The anatomical and
functional success rates of surgery were high. Poor preoperative VA and severe proliferations predicted poor visual outcomes.

1. Introduction

Combined tractional and rhegmatogenous retinal detach-
ment (combined RD) is a rare but serious complication in
proliferative diabetic retinopathy (PDR). A literature review
shows that 7–35% of cases undergoing pars plana vitrec-
tomy (PPV) for complications of diabetic retinopathy had
combined RD [1–3], and the occurrence rate seems to have
declined gradually over the past decades. The disease is char-
acterized by the existence of retinal break(s) in association
with fibrovascular proliferation (FVP) of various severities.
The break(s) were mostly slit-like, round, or oval. They may
be hidden within the retinal folds or covered by the adjacent
FVP tissue. The detachment has a convex configuration and
usually reaches the ora serrata in at least some areas, but
the extension may be limited by panretinal photocoagulation
(PRP) scars. We have documented the common clinical
findings and surgical results of this complication before,
[4] in the period prior to the popular use of antivascular
endothelial growth factor (VEGF) agents (anti-VEGFs) for
treating diabetic retinopathy.

As the use of anti-VEGFs became more common, alone
or in combination with other agents, in treating PDR com-
plications, clinical features and surgical success rates were
likely altered. Anti-VEGFs may induce regression of active
neovascularization and prevent the development of neovas-
cular glaucoma (NVG); on the other hand, they may induce
fibrous contractions, thus possibly causing more tractional
RD (TRD) or combined RD. In this study, a retrospective
analysis of consecutive patients with combined RD in PDR
was performed to investigate clinical features, risk factors,
and anatomical or functional success rates in recent years to
assess the possible effect of anti-VEGFs on this specific PDR
complication.

2. Materials and Methods

From January 2007 to January 2013, consecutive cases with
combined RD treated by a single surgeon in National Tai-
wan University Hospital were retrospectively reviewed. The
selection criterion for combined RD was convex-shaped
detachment with varying severities of preretinal fibrovascular
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tissue. Exclusion criteria included cases with a macular hole,
cases that were found to have combined RD after previous
vitrectomy, and cases with follow-up times within 3 months
after surgery.This study was approved by the ethical commit-
tee of the National Taiwan University Hospital.

Preoperative data, including the patient’s age, sex, and sys-
temic comorbidities, including hypertension, cardiovascular
diseases, and renal diseases, were collected. A history of PRP
or IVB within 3 months before the development of com-
bined RD was also recorded. Preoperative ophthalmologic
evaluations included measurements of best corrected visual
acuity (BCVA) and intraocular pressure, biomicroscopic
examination of the anterior and posterior segments, and
fundus examination with indirect ophthalmoscopy. Abnor-
mal changes such as cataract and iris rubeosis were also
recorded. Funduscopic findings, including the presence of
vitreous hemorrhage (VH), the size, shape, and number of
retinal breaks, the extent of RD, the location and extension of
preretinal fibrovascular proliferative tissue, and the prolifera-
tive features (see the last paragraph in the surgical technique
section for definition), were also recorded.

2.1. Surgical Techniques. All patients underwent a standard
20- or 23-gauge 3-port PPV. Cases with active FVP (see the
last paragraph in the surgical technique section for definition)
were treated with IVB of 1.25mg within 3 days before
surgery. After core vitrectomy to remove opacified vitreous,
an opening was created in the posterior hyaloid at a place
where the retina was at a safe distance from the vitreous
cortex. Anterior-posterior vitreoretinal traction was released
as much as possible. The thick fibrotic plaque from the retina
was then divided using scissors segmentation and delamina-
tion. Forceps were used to gently lift the fibrovascular tissue
from the disc to release traction and to facilitate the iden-
tification of the surgical plane. Hyaloid removal toward the
periphery was performed to the greatest possible extent.Thin
and nontaut peripheral hyaloid still adherent to the retina
was left unpeeled for fear of creating breaks. A vascular pre-
retinal membranes were removed with forceps. In cases with
severe FVP (Grade 4; see the last paragraph in the surgical
technique section for definition) or large breaks, a bimanual
technique was employed by using forceps in one hand and
cutters or scissors in the other hand under chandelier light
illumination. After complete release of all the traction force,
air-fluid exchange was performed, followed by laser PRP
around breaks and across the peripheral retina; C3F8 was
then injected into the vitreous cavity for retinal tamponade.
Silicone oil was used in eyes presenting with multiple large
retinal breaks (preexisting or iatrogenic) or possible unfound
breaks, eyes undergoing retinotomy or retinectomy, or those
with residual vitreoretinal traction.Apolytetrafluoroethylene
(Gor-tex) encircling band with a width of 5mm was placed
between the ora serrata and the equator in the more severe
cases. IVB was used at the end of surgery in every case.
To reduce the possibility of over dosage in a gas or silicone
oil filled eye, IVB of 0.75mg (0.03mL) was given. For cases
given silicone oil tamponade, IVB was done before silicone
oil infusion; for cases given gas tamponade, IVB was done
after gas infusion. All patients were given topical antibiotics

(3% gentamycin), steroids (1% prednisolone acetate), and
mydriatics (1% atropine) after surgery for about 1 month and
were regularly followed at the outpatient clinic for at least 3
months.

The records of intraoperative findings focused on the
identification and confirmation of the number of retinal
breaks, the extent of RD, and the extent of FVP. Certain risk
factors were graded or defined to study their correlationswith
occurrence of TRDor visual prognosis.The extent of FVPwas
separated into 4 grades based on the severity of vitreoretinal
adhesion: multiple-point adhesions with or without 1-site
plaque-like broad adhesion (Grade 1), broad adhesions in
more than 1 but fewer than 3 sites, located posterior to the
equator (Grade 2), broad adhesions in more than 3 sites,
located posterior to the equator or extending beyond the
equator within 2 quadrants (Grade 3), and broad adhesions
extending beyondmore than 1 site anterior to equator (Grade
4). The extent of RD was recorded based on the number
of detached quadrants. The proliferative features of affected
eyes were separated into 2 types according to the vascular
component of the proliferative tissue: the chronic fibrotic
type, in which most of the proliferative tissue appeared
avascular, and the active fibrovascular type, in which a
larger part of the proliferative tissue contained visible vessels,
accompanied by any degree of VH. Other findings such as
intraocular pressure and the appearance of the retina and the
disc at the last follow-up were recorded.

2.2. Statistical Analysis. Logarithm of the minimal angle
of resolution (LogMAR) of BCVA was calculated, and we
defined visual acuity of “counting fingers” level as LogMAR
2.3, “hand motion” level as LogMAR 2.7, and “light percep-
tion” as LogMAR 3. Linear mixed models were used for
comparison between preoperative and postoperative Log-
MAR of BCVA with the patient as a random effect in order
to capture the correlations between two eyes of the same
patient. To evaluate the predictive factors for postoperative
vision, linear mixed models were also used and the candidate
factors included age, sex, preoperative LogMAR of BCVA,
preoperative PRP, preoperative IVB, severity of vitreoretinal
adhesion, the extent of RD, the vascular component of the
proliferative tissue, retinal breaks found preoperatively or
not, the number of retinal breaks found during operation,
intraoperative retinectomy, silicone oil use, combined scleral
buckling, combined cataract surgery, and recurrent RD with
secondary PPV. Among these candidate factors, age and
preoperative LogMAR of BCVA were treated as continuous
variables. Sex, preoperative PRP, preoperative IVB, severity
of vitreoretinal adhesion (Grade ≤ 3 versus Grade 4), the
vascular component of the proliferative tissue, retinal breaks
found preoperatively or not, the number of retinal breaks
found during operation (single break versusmultiple breaks),
intraoperative retinectomy, silicone oil use, combined scleral
buckling, combined cataract surgery, and recurrent RD with
secondary PPV were treated as categorical variables. As to
the extent of RD, the linear trend was evaluated. A 𝑃 value
less than 0.05 was considered statistically significant. SAS 9.1
(SAS Institute Inc., Cary, NC, USA) was used for all statistical
analyses.



Journal of Ophthalmology 3

3. Results

Fifty-seven eyes of 49 patients with combined RD were
enrolled in this study. The patients’ characteristics are shown
in Table 1. The mean age of the patients was 52.4 ± 9.4 years
(range: 29 to 74 years), and 28 cases (57.1%) were female. The
mean follow-up period was 24.4 ± 15.4 months (range: 3 to
72 months). In addition to diabetes, 34 cases (69.4%) had
hypertension, 5 (10.2%) had coronary artery disease, 3 (6.1%)
had stroke history, and 4 (8.2%) had chronic kidney disease.

Combined RD developed within 3months following PRP
in 7 cases (15.8%), within 3 months following IVB in 5 cases
(8.8%), and within 3 months following PRP combined with
IVB in another 2 cases (3.5%).

The clinical features of combined RD are shown in
Table 2. The exact duration of RD could not be obtained
with certainty since some patients had an RD diagnosis on
their first visit to the outpatient clinic. Active neovascular RD
was found in 57.9% of eyes (Figure 1(a)) and chronic fibrotic
RD in 42.1% of eyes (Figure 1(e)). Only 27 eyes (47.4%) had
breaks identified before surgery.The breaks weremostly oval-
or slit-shaped. Thirty eyes (52.6%) had more than 1 break
identified, and only 4 eyes had multiple breaks (>5) at the
periphery. Severe (Grade 3 and Grade 4) FVP was noted in
45.6% and 21.1% of cases, respectively. Extension of RD ≧ 3
quadrants was found in more than 60% of eyes. Three eyes
(5.3%) received retinectomy intraoperatively to release severe
traction from the proliferative tissue. Silicone oil was used
during primary PPV in 31 eyes (54.4%).

Overall, 53 eyes (93.0%) achieved primary retinal reat-
tachment, and the remaining 4 eyes had final retinal reattach-
ment after 1 or 2more surgeries. Examples of preoperative and
postoperative fundus pictures are shown in Figure 1.

After operation, the mean LogMAR of BCVA improved
from 1.92 ± 0.68 to 1.22 ± 0.68 (𝑃 < 0.0001). Vision in forty-
six eyes (80.7%) improved by 3 lines or more, while vision
in 4 eyes (7.0%) deteriorated by 3 lines or more. Forty eyes
(70.2%) maintained their BCVA ≧ 20/400. However, one
eye had no light perception postoperatively because of the
development of NVG at 5 months after primary PPV and
silicone oil tamponade.

Three cases had recurrent RD after primary PPV with
C3F8 tamponade; all of them achieved reattachment after
further PPV with silicone oil tamponade. One case (case
7) had recurrent RD after primary PPV with silicone oil
infusion; this case received another PPV with removal and
reinjection of silicone oil later and the retina was reattached.
Other common postoperative complications included NVG
in 4 eyes (7.0%), epiretinal membrane formation in 4 eyes
(7.0%), foveal atrophy in 2 eyes (3.5%), recurrent VH in 2
eyes (3.5%), and retinal artery occlusion in 2 eyes (3.5%).
Three of the 4 NVG cases had received PPV and silicone
oil tamponade, with one case turning out to have no light
perception. Only one case having received PPV and gas
tamponade developed NVG later.

3.1. Predictive Factors for Postoperative BCVA. Table 3 shows
the results of the predictive factors for postoperative BCVA.
The preoperative BCVA was positively correlated with the

postoperative BCVA (𝑃 = 0.002). Grade 4 vitreoretinal adhe-
sion, intraoperative retinectomy, and silicone oil use were all
correlated with a poorer postoperative BCVA (𝑃 = 0.01, 0.03,
0.02, and 0.01, resp.). The extent of RD also showed a linear
trend of correlation with a poorer postoperative BCVA (𝑃 =
0.002). After adjustment for age, sex, and preoperative BCVA,
Grade 4 vitreoretinal adhesion, intraoperative retinectomy,
and a broader extent of RDwere still correlated with a poorer
postoperative BCVA (𝑃 = 0.04, 0.04, and 0.03, resp.).

4. Discussion

Combined RD is a serious PDR complication. Over the years,
the occurrence rate of this disease entity has fluctuated. The
ratio of combinedRD toTRDwas down from 1 : 2 in the 1980s
to 1 : 6 in the 1990s [1]. More aggressive treatment of PDR in
the early stages may contribute to the decline of combined
RD. The use of intravitreal anti-VEGFs in recent years has
engendered a dramatic change in treatment strategies for
diabetic retinopathy. IVB has been widely used for diabetic
macular edema, for NV with vitreous hemorrhage, and for
facilitating surgery of active PDR in the preoperative period.
Because IVB not only promotes NV regression, but also
enhances fibrosis and contraction of the FVP tissue, it may
facilitate the development of retinal breaks and thus alter
the risk factors, clinical features, and treatment results of
combined RD.

It has been shown that the effect of IVB may last for 4
to 6 weeks [5–7]. We arbitrarily set 3 months as the maximal
time limit under which the retina might be influenced by the
drug-induced FVP contraction. Previous studies have shown
that the progression to TRD from a preexisting fibrovascular
tissue contraction is a possible complication of IVB treatment
[7–15]. In the present study, 5 cases had a history of IVB
within 3 months before the development of combined RD,
another 2 cases having both PRP and IVB. The severity of
FVP in these 7 cases ranged from Grades 2 to 3. Thus it
appears that retinal breaks might occur in FVP of various
severities. PRP as a risk factor for combined RD has not been
reported [4]. In this study, 7 cases had a history of PRPwithin
3 months before the development of combined detachment,
and another 2 cases had a history of both PRP and IVB.
The laser energy itself and the laser-induced inflammation
may cause vitreous contraction. Active FVP may also cause
progressive retinal traction. These forces may pull on the
laser treated area and induce retinal breaks from the recently
applied laser spots, resulting in combined RD. Furthermore,
our observations suggested that combined RD may develop
in an eye already reaching a quiescent or even burnout stage
with various degrees of preretinal fibrosis. Thus, although
lacking definite statistical support, the percentage of recent
PRP and/or IVB in cases with combined RD (more than 10%)
suggested that one should perform these procedures with
caution, as these procedures may possibly predispose eyes to
increased traction or even combined RD.

In this study, an anti-VEGF (bevacizumab) was used
preoperatively only in those cases with severe active prolifer-
ation, and operation was done within 3 days after injection
to decrease the possibility of more vitreous traction. The
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 1: (a–d) Case 47 (right eye). (a) Preoperative fundus photo showed active fibrovascular proliferation of Grade 3 severity; (b)
preoperative optical coherence tomography showed detached retina; (c) postoperative fundus photo showed retinal attachment 2months after
surgery; (d) postoperative OCT revealed flat central retina with residual subretinal fluid pockets. (e–h) Case 19 (right eye). (e) Preoperative
fundus photo showed chronic fibrosis of Grade 3 severity. A large oval-shaped retinal break at temporal side was noted; (f) preoperative OCT
showed elevated retina at the macular area; (g) postoperative fundus photo showed retinal attachment with silicone oil tamponade 1 month
after surgery; (h) postoperative OCT revealed attached retina with thin epimacular membrane.
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Table 3: Regression analyses of risk factors associated with poor postoperative visual outcomes.

Predictive factors Simple regression Adjustment for age, sex, and preoperative BCVA
Coefficient 𝑃 value Coefficient 𝑃 value

Age 0.0003 0.98 — —
Sex (F versus M) −0.085 0.66 — —
Preoperative BCVA 0.558 0.002∗ — —
Preoperative PRP 0.062 0.77 −0.017 0.92
Preoperative IVB −0.085 0.09 0.016 0.93
Severity of vitreoretinal adhesion (Grade ≤ 3 versus Grade 4) 0.697 0.01∗ 0.502 0.04∗

Vascular component of proliferative tissue (chronic fibrotic
versus active fibrovascular) −0.050 0.80 −0.008 0.96

Extent of RD 0.358 0.002∗ 0.248 0.03∗

Retinal breaks found preoperatively or not 0.059 0.76 −0.074 0.66
Number of retinal breaks (single break versus multiple
breaks) 0.251 0.21 0.242 0.17

Intraoperative retinectomy 0.854 0.02∗ 0.681 0.04∗

Silicone oil use 0.593 0.01∗ 0.326 0.12
Combined scleral buckling 0.301 0.16 0.188 0.30
Combined cataract surgery 0.199 0.34 0.197 0.28
Recurrent RD with secondary PPV 0.334 0.33 0.357 0.24
BCVA: best corrected visual acuity; IVB: intravitreal bevacizumab; RD: retinal detachment; PRP: panretinal photocoagulation.
∗

𝑃 < 0.05 was considered to be statistically significant.

benefit of IVB at the end of operation has been debated [16–
19]. Previous studies also have shown that vitreous cavity
tamponade by long-acting gas or silicone oil reduced the
incidence of recurrent VH [20, 21]. Although the rate of
recurrent VH in the present study was low, the benefit of IVB
on postoperative recurrent VH was inconclusive due to the
lack of a control group.

Based on the risk factors and clinical manifestations, we
suggest the following possible pathways for the development
of combined RD: first, active FVP with TRD undergoes
further traction to induce break formation; second, the
fibrotic tissue and the vitreous exert traction on the atrophic
retina in a chronic PDR with or without TRD, causing break
formation; third, vitreous anterior-posterior directed traction
on the adherent FVP tissue induces flap tear formation;
fourth, traction induced by PRP or anti-VEGF on attached
or detached retina causes formation of breaks.

The significant prognostic factors in the present study
were preoperative BCVA, vitreoretinal adhesion, extent of
RD, intraoperative retinectomy, and silicone oil use, all of
which might be interrelated. A larger extent of RD is usually
accompanied by a severe vitreoretinal adhesion in severe
PDR cases. Poor preoperative BCVA may be associated
with active fibrovascular RD and dense VH or extensive
RD with macular involvement. In addition, intraoperative
retinectomy and silicone oil use were often applied in cases
with severe proliferation and a large area of RD.

Clinical pictures and treatment results of combined RD
have been reported previously [4]. Table 4 offers a compari-
son of the clinical manifestations between the present study
and the previous one. Both studies showed similar primary
reattachment rates (over 90% in both) and postoperative VA

improvement rates (81% in the present study versus 70% in
the previous one). However, some differences between these
two studies were found. In the present one, there were more
cases with more than one break (52.6% versus 30%, 𝑃 = 0.03)
or with breaks identified before surgery (47.4% versus 17.5%,
𝑃 = 0.002). The ratio of active type versus chronic type of
PDR was 1.38 in the present study, as opposed to 0.90 in
the previous one. Although there were slight differences in
the grading systems employed in the two studies, severe FVP
(Grades 3 and 4) was noted in 66.7% of cases in the present
study, as compared to 52.5% in the previous one. Total RD
was noted in 33.3% of cases in the present study but reached
55% in the previous one. It is possible that the frequent use
of IVB may be associated with increased break formation in
the active phase of PDR, causing the differences between the
two studies. The less extent of RDmay be partly explained by
the more aggressive PRP treatment in recent years, since VH
has quicker clear-up rate after IVB, and laser spots can more
easily be applied to the retina.

A higher proportion of cases with better postoperative
vision (BCVA ≥ 0.05) were noted in the present study than
in the previous one (70.2% versus 47.5%, 𝑃 = 0.02); this dif-
ference might be partly due to fewer cases of chronic fibrosis
type in the present study and the use of adjunct therapy of IVB
before surgery in the active cases. However, NVG developed
in 7.0% of cases in the present study, which was similar to the
previous one. This means that the use of IVB as a surgical
adjunct at the end of operation may not be able to eliminate
the development of NVG. As IVB only has temporary effects,
careful monitoring of the presence of rubeosis and IOP are
mandatory to decrease the occurrence of this disastrous
complication.
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Table 4: Comparison of the present study and the previous study.

Current study Yang et al., 2008 [4] 𝑃 value
Eyes (patients) 57 (49) 40 (36) —
Age (years) [mean ± SD (range)] 52.4 ± 9.4 (29–74) 54.7 ± 11.3 (25–70) 0.14
Active : chronic (ratio) 33 : 24 (1.38) 19 : 21 (0.90) 0.31
Multiple breaks [𝑛 (%)] 30 (52.6) 12 (30) 0.03∗

Break(s) noted before surgery [𝑛 (%)] 27 (47.4) 7 (17.5) 0.002∗

Extent of FVP 0.35
Grade 1 [𝑛 (%)] 6 (10.5) 5 (12.5)
Grade 2 [𝑛 (%)] 13 (22.8) 14 (35)
Grades 3 and 4 [𝑛 (%)] 38 (66.7) 21 (52.5)

Extent of RD 0.09
Total [𝑛 (%)] 19 (33.3) 22 (55)
Subtotal [𝑛 (%)] 32 (56.1) 14 (35)
Localized [𝑛 (%)] 6 (10.5) 4 (10)
Primary retina reattachment [𝑛 (%)] 53 (93.0) 37 (92.5) 0.93

Post-op VA
Improved 46 (80.7) 28 (70) Improved 28 (70)

0.57Unchanged 6 (10.5) 6 (15) Unchanged 6 (15)
Worse 5 (8.8) 6 (15) Worse 6 (15)

Post-op VA ≥ 0.05 [𝑛 (%)] 40 (70.2) 19 (47.5) 0.02∗

Post-op NVG [𝑛 (%)] 4 (7.0) 3 (7.5) 0.93
FVP: fibrovascular proliferation; OP: operation; RD: retinal detachment; VA: visual acuity. Statistical analyses of noncontinuous variables were performed
with chi-squared test as appropriate, and continuous variables were performed with two-sample 𝑡-test. ∗𝑃 value of less than 0.05 was considered statistically
significant.

In this study, the prognostic factors were somewhat dif-
ferent from our previous study. We enrolled more candidate
prognostic factors for analysis in the present study. Placing all
candidate factors into the same regressionmodel would result
in collinearity, sincemany of themwere related to the severity
of diseases. Therefore, only age, sex, and preoperative BCVA
were adjusted for when evaluating these prognostic factors in
linear mixed models, under the belief that this could more
accurately unveil the relationships between visual outcomes
and these candidate prognostic factors.

In this retrospective study, case recruitment bias and
uneven follow-up intervals and durations of study patients
were inevitable. Our hospital is a tertiary referral medical
center, PRP or IVB had been done in some cases at original
hospitals, and the timing of treatment might be different.The
severities of the fundus changes of individual case were not
clear before PRP/IVB treatment. However, the case number
was relatively large; a single experienced surgeon operated on
all case patients and precise chart recordingsweremaintained
throughout follow-ups. Our study found that, with modern
instruments and techniques, the anatomical success rate
was high, and visual outcome usually showed significant
improvement.The clinical features of combined RD in recent
years seem to differ in several aspects from those in the period
when anti-VEGFs were not popularly used. More active cases
andmore severe FVPwere noted in the present study than the
previous study. The rate of preoperative break identification
was also higher. Poorer preoperative VA, intraoperative
retinectomy, and higher grading of FVP are associated with

poorer postoperative visual improvement. Previous PRP or
IVBmay possibly play a role in provoking combined RD.The
use of anti-VEGFsmay not prevent the complication of NVG.
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