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Abstract

Background
The recurrence of retinal detachment (RD) following rhegmatogenous retinal detachment (RRD) is a
relatively common complication that threatens vision and requires further surgery. The purpose of this
study was to investigate the risk factors and visual outcomes of recurrent RD following pars plana
vitrectomy (PPV) for primary RRD.

Methods
This was a retrospective follow-up of 343 eyes that underwent initial PPV surgery for primary RRD.
Patients were divided into a recurrence group and a reattachment group. The main outcome measures
included causative factors, visual outcomes related to the recurrence of RD, and the perioperative factors
most affecting the recurrence of RD.

Results
After retinal reattachment, we observed RD recurrence after PPV for primary RRD in 42 out of 343 eyes
(12.2%) during the follow-up period. Most causes of recurrence (69%) occurred within 6 months of
surgery. Univariate analysis showed that the presence of proliferative vitreoretinopathy (PVR) ≥ Grade C
was signi�cantly associated with recurrent RD (P = 0.003). Logistic regression analysis further showed
that a PVR ≥ Grade C (odds ratio [OR]: 9.421; 95% con�dence interval [CI]: 2.432 - 56.39; P = 0.020) was a
signi�cant predictor for the development of recurrent RD. Compared with the reattachment group, the
recurrence group exhibited a signi�cant decline in best-corrected visual acuity (BCVA) at the last follow-up
visit (P = 0.000). Eyes with PVR prior to primary surgery, or at the diagnosis of re-detachment, showed a
worse �nal BCVA.

Conclusions
Our analysis shows that the predominant risk factor for the recurrence of RD is a PVR ≥ Grade C. PVR
prior to primary surgery, or at the diagnosis of re-detachment, was also shown to limit the recovery of �nal
visual acuity.

Introduction
The recurrence of retinal detachment (RD) following rhegmatogenous retinal detachment (RRD) is a
relatively common complication that threatens vision and requires a second round of surgery, or even
multiple rounds of surgery. Following the development of wide-angle viewing systems, and numerous
improvements relating to the equipment used for vitreoretinal surgery, the �nal anatomical success rates
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for RRD repair can be as high as 93%.[1] However, in some cases, reparative surgery still fails. Previous
studies have reported that a range of risk factors are associated with the recurrence of detachment,
including proliferative vitreoretinopathy (PVR),[2] inferior breaks,[3] the duration of symptoms,[4] and the
extent of detachment.[5] However, little is known about the relationships between speci�c risk factors and
RRD. There is also some degree of uncertainty with regards to the causes, risk factors, and outcomes of
patients with recurrent RD. Understanding the risk factors associated with recurrent RD will help us to
predict and prevent this complication. Therefore, the aim of this study was to conduct a retrospective
review of a large cohort of patients who received an initial round of pars plana vitrectomy (PPV) surgery
for primary RRD, and to investigate the causes, risk factors, and visual outcomes, associated with the
recurrence of RD.

Methods

Study design
This was a retrospective, long-term, follow-up study. All aspects of the study were conducted in
accordance with the Declaration of Helsinki. Informed consent was provided by all of the patients
involved using a form approved by the Institutional Review Board (Approval reference number: 2019042).
The study included 343 consecutive eyes from 332 patients who received treatment between January 1,
2015 and January 1, 2018. Patients were recruited if they had received an initial round of vitrectomy
surgery for primary RRD, had a postoperative follow-up period exceeding 12 months, and were 18 years-
of-age or older. Patients were excluded if they had received previous rounds of vitreoretinal surgery, had
preexisting macular pathological features (e.g., macular hole, age-related macular degeneration, or
macular edema), or if they had uveitis, retinal vascular diseases (e.g., diabetic retinopathy or vascular
occlusive diseases) or retinal dystrophies.

The main outcome measures included the causative factors and visual outcomes of RDD, and the most
predominant perioperative factors associated with the recurrence of RD. For each patient, we examined
both eyes. Evaluations included a complete ophthalmological examination, including best-corrected
visual acuity (BCVA), intraocular pressure (IOP), slit-lamp biomicroscopy, and optical coherence
tomography (OCT) scanning. Images were captured after mydriatic drops had been placed in each eye. In
order to evaluate the in�uence of various factors on the recurrence of retinal detachment, we divided the
patients into a recurrence group and a reattachment group.

Data Collection
We collected a range of demographic and clinical data, including age, gender, medical and ophthalmic
history, previous ophthalmic operations, refractive error (high myopia was de�ned as a preoperative
spherical equivalent of -6D or more), lens status, macular status (on or off, as determined by preoperative
OCT), the duration and extent of detachment, the number of breaks, location and type of retinal breaks,
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the presence of posterior vitreous detachment (PVD), the proliferative vitreoretinopathy (PVR) grade (as
determined by the Retina Society PVR Classi�cation, 1983[6]), the presence of choroidal detachment, and
BCVA at baseline and at follow-up. Irrespective of whether retinectomy was performed or not, all surgeries
involved membrane peeling (epiretinal or subretinal), quadrants of endolaser photocoagulation, the use
of per�uorocarbon liquid, and combined cataract surgery.

Surgical Technique
All surgeries were conducted by two experienced retinal surgeons (ZHG and YLZ). Patients underwent
elective surgery after a complete physical examination. The time from de�nitive diagnosis to surgery
ranged from 2 to 4 days. We performed a standardized 3-port vitrectomy using a 23- or 25-gauge
microincision system. First, we carried out a vitrectomy to release vitreous traction around the retinal
breaks and degenerations and then shaved the peripheral vitreous body by scleral indentation. Next, we
performed internal drainage of the subretinal �uid to �atten the retina. Endolaser photocoagulation was
then performed around the breaks and areas of degeneration. This was followed by a total �uid/gas
exchange. We applied silicone oil to all eyes because commercialized medical gas is not available in
mainland China. Patients injected with silicone oil were made to adopt and maintain a facedown position
for the �rst 3 weeks after surgery. The silicone oil was removed 3 months later after RRD repair.

Statistical analysis
All statistical analyses were performed using the Statistical Package for the Social Sciences version 25
(IBM Corp., Armonk, NY, USA). All data were tested for normality prior to analysis using the Shapiro-Wilk
test. Qualitative parameters are presented as frequencies and percentages, while quantitative parameters
are presented as means and standard deviations. BCVA data were converted to a logarithm of minimal
angle of resolution (logMAR) prior to statistical analysis. Differences in categorical data were analyzed
using the chi-squared test. Paired t-tests were used to compare visual function between different time
points. Multivariate regression analyses were performed to identify potentially confounding parameters.
A p-value < 0.05 was considered to be statistically signi�cant.

Results
General characteristics

A total of 332 patients (343 eyes) were included in this study. The mean age of the patients was 49.2 ±
10.4 years (range: 18 to 78 years). The mean duration of follow-up was 18.4 ± 9.1 months (range: 12 to
43 months). The mean time between symptom onset and surgery was 12.5 days ± 7.4 days (range: 3 to
110 days). In total, 321 (93.6%) eyes were phakic and 22 (6.4%) eyes were pseudophakic. Retinal
detachment was macula-on in 134 eyes (39.1%) and macula-off in 209 eyes (60.9%). The presence and
grade of PVR were assessed prior to the primary procedure: 128 eyes (37.3) showed no signs of PVR,
whereas 215 cases with PVR have been classi�ed as followed: 63 eyes with PVR A (29.3%) 121 eyes with
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PVR B (56.3%); 27 eyes with PVR C (12.6%) and 4 eyes (1.9%) with PVR D. Patients with low PVR severity
(grades 0, A or B) collectively as one group, and the other group includes cases with severe PVR (grades C
and D). Retinectomy was conducted in 38 eyes (11.1 %). Following retinal reattachment, the recurrence of
RD after PPV for primary RRD was observed in 42 of the 343 eyes (12.2%) during the follow-up period.
The mean time from the recurrence of RD to initial RRD repair was 5.3 months ± 2.7 months (range: 2 to
13 months). Twenty-nine cases (69%) were diagnosed with recurrent RD within 6 months of the initial
PPV for RRD.

The effect of various perioperative factors on the recurrence of RD

In order to compare the effects of various factors on the recurrence of RD, we divided our patient
population into a recurrence group and reattachment group. A comparison of the perioperative
characteristics of the two groups of patients are shown in Table 1. The two groups showed similar
perioperative characteristics, except for the presence of PVR ≥ Grade C. Univariate analysis demonstrated
that the presence of PVR ≥ Grade C was a risk factor that was signi�cantly associated with the
recurrence of RD (P = 0.003). There were no signi�cant differences between the two groups with regards
to age, gender, lens status, the number of breaks, location and type of retinal breaks, the duration of
detachment, the extent of retinal detachment, high myopia, macula status, PVD, giant retinal tears,
choroidal detachment, the use of per�uorocarbon liquid, retinectomy, and combined cataract surgery. The
BCVA did not differ statistically between the groups at baseline (P = 0.342). Logistic regression revealed
that PVR ≥ Grade C (odds ratio [OR]: 9.421; 95% con�dence interval [CI]: 2.432 - 56.39, P = 0.020) was a
signi�cant predictor for the recurrence of RD.

Table 1. A comparison of perioperative characteristics between the recurrence group and reattachment
group
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Parameter Overall

(n = 343
eyes)

Recurrence group (n
= 42 eyes)

Reattachment group (n
= 301 eyes)

P-
value

Gender, n (%)        

Male 172
(50.1)

20 (47.6) 152 (50.5) 0.727a

Female 171
(49.9)

22 (52.4) 149 (49.5)  

Age, mean ± SD 49.2±
10.4

49.9 ± 11.7 48.7 ± 11.3 0.268b

Laterality, n (%)        

Right eye 184
(53.6)

23 (54.8) 161 (53.5) 0.877a

Left eye 159
(46.4)

19 (45.2) 140 (46.5)  

Lens status, n (%)        

Phakic 321
(93.6)

38 (90.5) 283 (94.0) 0.38a

Pseudophakic 22 (6.4) 4 (9.5) 18 (6.0)  

Detachment duration
(days), mean ± SD

12.5 ±
7.4

12.1 ± 9.1 12.9 ± 8.5 0.607b

Quadrants of RRD, mean ±
SD

2.8 ±
0.79

2.7 ± 0.69 2.8 ± 0.61 0.478b

High myopia, n (%) 24 (7.0) 3 (7.1) 21 (6.9) 0.968a

BCVA (logMAR) at
baseline, mean ± SD

1.07 ±
0.51

1.04 ± 0.59 1.1 ± 0.53 0.342b

Macular status        

On 134
(39.1)

18 (42.9) 116 (38.5) 0.591a

Off 209
(60.9)

24 (57.1) 185 (61.5)  

PVD (%) 238
(69.4)

29 (69.0) 209 (69.4) 0.959a

Giant retinal tears, n (%) 13 (3.8) 2 (4.8) 11 (3.6) 0.725a

Number of breaks, n (%)        

Single breaks 243 31 (73.8) 212 (70.4)
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(70.8) 0.652a

Multiple breaks 100
(29.2)

11 (26.2) 89 (29.6)  

Type of break, n (%)  

Atrophic holes 131
38.2

17 (40.5) 114 (37.9) 0.745a

Horseshoe tears 212
61.8

25 (59.5) 187 (62.1)  

Location of breaks  

Superior 217
(63.3)

27 (64.3) 190 (63.1) 0.884a

Inferior 126
(36.7)

15 (35.7) 111 (36.9)  

Choroidal detachment 23 (6.7) 3 (7.1) 20 (6.6) 0.904a

PVR≥Grade C, n (%) 31 (9.0) 9 (21.4) 22 (7.3) 0.003a

Retinectomy, n (%)  38 (11.1) 6 (14.3) 32 (10.6) 0.480a 

Per�uorocarbon liquid, n
(%)

56 (16.3) 8 (19.0) 48 (15.9) 0.611a

Cataract surgery, n (%) 28 (8.2) 4 (9.5) 24 (8.0) 0.731a

Abbreviations: BCVA: best-corrected visual acuity; logMAR: logarithm of minimal angle of resolution; PVD:
posterior vitreous detachment; RRD: rhegmatogenous retinal detachment; SD: standard deviation; PVR:
proliferative vitreoretinopathy

aP values according to chi-squared tests.

bP values according to t-tests.

P values that are statistically signi�cant (<0.05) are given in bold.

Causes and visual outcomes of patients with recurrent RD

The main characteristics of patients with recurrent RD are summarized in Table 2. We found that PVR
was the main cause of RD recurrence. Overall, 25 eyes (59.5%) were shown to have posterior PVR, 6 eyes
(14.3%) had anterior PVR, and 3 eyes (7.1%) had a combination of anterior and posterior PVR. In other
cases of RD, 5 eyes (11.9%) showed missed and/or new retinal breaks, 2 cases (4.8%) were caused by
reopening of the primary retinal breaks, and one eye (2.3%) had a macular hole. In 34 cases, we
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performed another vitrectomy and used silicone oil to repair RD. A further 8 cases received scleral
buckling (SB) surgery.

Table 2. Characteristics of the patients with recurrent RD 

Parameter  

BCVA (logMAR) before a second round surgery 0.89 ± 0. 47

BCVA at last follow-up visit 0.71 ± 0.22

Type of RRD, n (%)  

Macula-on RD 23 54.8)

Macula-off RD 19 (45.2)

Type of recurrent RD repair surgery, n (%)  

SB 8 (19.0)

PPV 34 (81.0)

Gender, n (%)  

Male 20 (47.6)

Female 22 (52.4)

Age, mean ± SD 49.9 ± 11.7

Lens status, n eyes (%)  

Phakic 38 (90.5)

Pseudophakic 24 (57.1)

Duration between RD repair and RD recurence (months), mean ± SD 5.3 ± 2.7

Cause of RD recurrence, n (%)  

PVR 34 (81.0)

Missed and/or new retinal breaks 5 (11.9)

Reopening of the primary retinal breaks 2 (4.8)

Macular hole 1 (2.3)

Silicone oil, n (%)  

Silicone oil removed 30 (71.4)

Silicone oil retained 12 (28.6)
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Abbreviations: BCVA, best-corrected visual acuity; logMAR: logarithm of minimal angle of resolution; RD:
retinal detachment; PVR: proliferative vitreoretinopathy; SB: scleral buckling; PPV: pars plana vitrectomy;

Silicone oil is usually removed 3 months after primary RRD repair if the retina was attached. In our
present series, 12 (28.6%) cases showed re-detachment while the silicone oil was still retained in the eye.
Of these 12 patients, 5 presented with an inferior RD, which was treated with a second round of SB
surgery. Six cases presented with partial RD caused by PVR and underwent a second vitrectomy and oil
procedure, while 3 cases underwent retinectomy. One case developed recurrent RD because of a new
retinal break; this condition was treated with vitrectomy and oil. Anatomic reattachment was achieved in
all of these patients. Thirty cases (71.4%) developed recurrent RD following removal of the silicone oil.
The mean duration of time to recurrent RD following the removal of silicone oil removal was 2.9 ± 1.2
months. With regards to the eyes that developed recurrent RD after the removal of silicone oil, 3 eyes
achieved anatomical reattachment following the SB procedure, while a further 24 eyes underwent a
second PPV and endolaser photocoagulation. If necessary, we also performed membrane peeling
(epiretinal or subretinal), internal limiting membrane peeling, vitrectomy, and silicone oil endotamponade.

Of the 42 patients in which primary PPV failed, we successfully attached the retina in 39 (92.9%) cases
during the second round of surgery. Three cases required a third round of surgery. At the �nal follow-up
visit, the retina had successfully reattached in 41cases. One of these patients had silicone oil and
tamponade at the �nal follow-up. In one further case, RD persisted, despite the eye being �lled with oil.
However, this patient did not wish to undergo further surgery because vision was light perception only.

The group of patients experiencing recurrent RD showed a signi�cant reduction in BCVA at the last follow-
up visit when compared with the group of patients without recurrent RD. The mean BCVA at the last
follow-up visit was 0.45 ± 0.32 logMAR in the reattachment group and 0.71 ± 0.22 logMAR in the
recurrence group. Visual acuity at the �nal follow-up visit was worse in the recurrence group than in the
reattachment group (P = 0.000). Eyes with PVR prior to primary surgery, or those diagnosed with re-
detachment, showed a worse BCVA at the last follow-up visit. The mean �nal LogMAR BCVA was 0.89 ±
0.27 in cases of PVR, whereas the mean �nal logMAR BCVA was 0.63 ± 0.29 in eyes without PVR (P =
0.002).

Discussion
This study included 343 eyes from 332 patients and revealed that 42 of the patients (12.2%) who
underwent PPV for RRD went on to subsequently experience re-detachment. This result concurred well
with the �ndings of previous studies on primary RRD.[7, 8] Most cases of postoperative re-detachment
(69%) were diagnosed within 6 months of the initial surgery for RRD. This result is lower than that
reported by previous studies; for example, one study reported that 97.9% of cases with recurrent RD were
diagnosed within 6 months of the initial vitrectomy.[9] This inconsistency may be related to the frequency
of follow-up visits. Overall, we found that the overall final success rate was 97.6%; these �ndings were
comparable to those reported by previous studies.[10, 11]
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Previous studies have reported that a wide variety of risk factors are associated with the recurrence of RD
after RRD repair, including proliferative vitreoretinopathy (PVR),[12] inferior breaks,[3] the duration of
preoperative symptoms prior to surgery,[13] lens status,[14] vitreous hemorrhage,[15] undetectable retinal
tear,[16] the extent of detachment,[5] high myopia,[17] hypotonia,[18] and the presence of multiple breaks.[10]

Unlike these previous studies, our present study failed to identify signi�cant differences between groups
of patients with recurrent and reattached RD with regards to age, gender, lens status, the number of
breaks, the duration of detachment, location and type of retinal breaks, the extent of retinal detachment,
high myopia, macula status, PVD, giant retinal tears, choroidal detachment, the use of per�uorocarbon
liquid, retinectomy, and combined cataract surgery. However, we identi�ed that PVR ≥ Grade C was
signi�cantly associated with recurrent RD. Logistic regression analysis further showed that PVR ≥ Grade
C was a signi�cant independent risk factor for the recurrence of RD. Previous studies have shown that
PVR is the most important risk factor in RRD at presentation.[15, 19] However, in the present study, we
confirmed that PVR is the best predictive factor for the failure of PPV in RRD.

We analyzed the causes of retinal detachment after vitrectomy and found that PVR was the most
predominant factor responsible for the primary failure of attachment surgery. We also found that the
main causes of recurrent RD were the development of postoperative PVR and the generation of new
retinal breaks. Overall, our data showed that 81.0% of recurrent RD was caused by the development of
postoperative PVR, a condition that is also known to be an important cause of new retinal breaks during
the postoperative period. Anterior PVR, or posterior PVR, can both lead to the recurrence of RD via
tractional mechanisms or a combination of tractional and rhegmatogenous mechanisms.[11] PVR can
cause contraction of the peri-retinal cellular membranes, and can therefore cause new retinal breaks, or
cause old retinal breaks to re-open. PVR can also cause distortion of the retina, resulting in sequalae that
are detrimental to vision.[20]

In this study, we assessed the visual acuity of patients undergoing secondary surgery for re-
detachment and found that surgery only resulted in limited improvement in terms of visual acuity. Even if
anatomical attachment was successful, there was a signi�cant deterioration in �nal visual acuity. It is
noteworthy that the development of PVR led to low visual acuity, irrespective of whether PVR developed
preoperatively or postoperatively. The development of PVR not only affected the success rates of primary
surgery, but also caused disruption to retinal function. The presence of PVR is an important factor
underlying the reduction in �nal BCVA.[21] Despite successful anatomical reattachment, a previous study
reported that most patients with primary and secondary PPV, with PVR grades of C and D, had a visual
acuity of 20/200, or worse.[22] Other factors are known to affect the loss of vision, including glaucoma,
silicone oil and the development of cataracts postoperatively, so we cannot completely rule out the
possibility of visual impairment caused by cataract, glaucoma and silicone oil.

When patients experienced the recurrence of RD, the most common surgical intervention was secondary
PPV. Nevertheless, an additional SB procedure can often be used in cases of inferior re-detachment. In our
present study, we experienced 5 cases with an inferior quadrant re-detachment. These were treated by
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silicon oil �lling and SB. In all 5 cases, reattachment was successful. We found that it was safe to carry
out supplementary SB in an eye �lled with silicone oil in the presence of inferior retinal breaks. 

There were several limitations to our study that need to be considered. First, the retrospective design of
this study may have led to recruitment bias and overestimated the incidence of recurrent RD. It is also
possible that cases with favorable visual acuity may have been excluded from our study because of the
short follow-up period. Second, we only analyzed a relatively small number of patients. Our �ndings
should now be con�rmed by conducting prospective studies on a much larger scale. Third, other factors
are known to affect the loss of vision, such as cataract and glaucoma; these conditions are known to be
related to surgery and the use of silicone oil tamponade.

Conclusions
In summary, we demonstrated that the presence of PVR ≥ Grade C represents a signi�cant independent
risk factor for the recurrence of RD. The most predominant causes of recurrent RD were the development
of postoperative PVR and the generation of new retinal breaks. The development of PVR, either at initial
presentation, or on the diagnosis of re-detachment, led to reduced levels of visual acuity, even after the
retina had been completely reattached. In order to avoid the recurrence of postoperative RD, it is important
to carefully undertake a comprehensive preoperative examination to avoid the omission of retinal breaks
and degeneration. It is also important to select the most appropriate surgical methods to suit different
situations. It is also important to take a delicate approach during operations so that further damage to
the retina can be avoided, such as iatrogenic hiatus and the formation of postoperative PVR. Long-term
follow-up is essential following RRD repair. Our �ndings indicate that surgeons should pay particular
attention to the recovery of primary retinal breaks.

Abbreviations
RD: retinal detachment; RRD: rhegmatogenous retinal detachment; PVR: proliferative vitreoretinopathy;
PPV: pars plana vitrectomy; BCVA: best-corrected visual acuity; IOP: intraocular pressure; OCT: optical
coherence tomography; PVD: posterior vitreous detachment; logMAR: logarithm of minimal angle of
resolution
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