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ABSTRACT
Objectives To investigate the effect of clinical, 
methodological and logistic factors on operating room 
(OR) efficiency in the surgical management of primary 
rhegmatogenous retinal detachment (RRD).
Design Monocentric retrospective register cohort study.
Setting Single tertiary centre in the western region of 
Austria.
Participants We audited patients diagnosed with primary 
RRD who were treated between January 2014 and August 
2019. In total, 783 eyes of 776 consecutive patients were 
included in this study. Various risk factors affecting OR 
time efficiency and anatomical success after pars plana 
vitrectomy (PPV) procedures and scleral buckle (SB) 
surgery were analysed.
Primary and secondary outcome measures OR 
efficiency was the primary outcome measure. Secondary 
outcome measures were the primary success rate after 
PPV procedures and SB surgery.
Results PPV was performed in 641 (81.9%) eyes and 
SB surgery in 142 (18.1%) eyes. Mean surgical times 
in PPV and SB under retrobulbar anaesthesia (RA) were 
74.0 (±32.6) min and 62.1 (±24.6) min (p<0.001), 
respectively, while under general anaesthesia (GA), these 
values were 112.0 (±52.0) min and 76.0 (±22.5) min 
(p<0.001), respectively. A regression analysis revealed 
the following main risk factors for prolonged OR time for 
the surgical management of RRD with PPV (all p<0.001): 
presence of a giant tear (β=24.01; 32%), proliferative 
vitreoretinopathy (PVR)- C (β=16.43; 22%), surgery 
postponed for 72 hours after diagnosis (β=21.40; 29%), 
GA (β=23.64; 32%) or surgery performed by a trainee 
(β=17.35; 23%). PVR (p=0.022) in PPV cases, after- hours 
settings (p=0.006) and surgeon experience (p=0.030) 
in SB cases were independent risk factors for reduced 
success rates.
Conclusions OR coordinators should consider various 
independent clinical (giant tear, PVR- C, advanced 
detachment), methodological (PPV vs SB) and logistic (GA 
vs RA, after- hours setting and surgeon experience) factors 
to improve the success rate and surgical management 

planning of RRD accurately while optimising OR resources 
and staff efficiency.

INTRODUCTION
Primary rhegmatogenous retinal detachment 
(RRD) represents the most common emer-
gency and reason for non- elective surgery in 
the ophthalmological departments of indus-
trialised countries.1 It is a potentially blinding 
disease if left untreated. An estimated 0.6% 
of the population is affected at an annual 
incidence of 6–18 per 100 000 per year.2 3 
Successful reattachment and treatment of all 
retinal breaks are crucial for a good visual 
prognosis.4

Strengths and limitations of this study

 ► The present study comprised a large number of pa-
tients with primary rhegmatogenous retinal detach-
ment (RRD) at one tertiary referral centre for retinal 
detachment.

 ► Data were obtained from a standardised RRD data-
base protocol, established to monitor quality factors 
of our department in the surgical management of 
patients with RRD.

 ► Due to the monocentric nature of the study, we were 
able to include numerous potential confounders in 
the logistic regression analysis for operating room 
(OR) efficiency and binary logistic regression for risk 
factors of anatomical success after surgery.

 ► The presented results may help clinicians compare 
the time metrics of surgery, as well as allow them 
to benchmark their OR efficiency, success rates 
and consider various factors for optimised preop-
erative planning, surgical care and postoperative 
management.
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The choice of method and timing of treatment can vary 
not only between surgeons, centres and regions but also 
depend on the type and extent of RRD, the involvement 
of the macula, and the status of the lens. While primary 
success rates of 62%–98% have been reported after pars 
plana vitrectomy (PPV),5–9 single scleral buckle (SB) 
surgery has shown a success rate of 53%–100%.5 9–11

Besides the success of surgical outcomes, the time effi-
ciency of the operating room (OR) has been of great 
interest in the recent literature.12–15 However, informa-
tion on surgical time and clinical and methodological 
factors that influence OR efficiency is scarce in the field 
of ophthalmology and has not been reported in the 
management of primary RRD. In parallel with technolog-
ical advances, economic pressure has pushed physicians 
to increase efficiency and focus on performance and time 
metrics to reduce costs while maintaining the quality of 
care.

To make operative planning more efficient and accu-
rate, we established a monocentric register at a tertiary 
referral centre for RRD. In this study, we investigated the 
impact of potential clinical, methodological and logistic 
factors on the time efficiency of the OR and primary 
success rate after RRD surgery.

METHODS
Dataset and patients
From January 2014 to August 2019, 783 eyes of 776 consec-
utive patients diagnosed with primary RRD were included 
into this retrospective monocentric register cohort 
study. Being the tertiary centre of the western region 
of Austria, practically all cases with RRD are referred to 
our department. Patients with primary rhegmatogenous 
RRD were included. The exclusion criteria were: (1) a 
history of posterior uveitis, (2) a history of penetrating 
or blunt trauma and (3) cases with a symptomatic schisis 
detachment.

Data were obtained from the RRD register of our 
department. The necessary data for registration followed 
a standardised RRD database protocol (see online supple-
mental file retinal detachment register), and information 
was gathered from medical records (anaesthesia protocol 
and surgery protocol). This information was collected 
after discharging a patient from the inpatient clinic. 
Before statistical analyses were conducted we reviewed 
the medical records of all cases to retrospectively eval-
uate whether the patients experienced a re- detachment 
following surgical reattachment. The RRD register was 
established to monitor quality factors of our department 
in the surgical management of patients with RRD. The 
RRD register has been used in previous studies to eval-
uate the impact of surgical timing and submacular fluid 
volume on the functional outcomes of patients with 
macula- involving primary RRD.16 17 The implementation 
and application of the RRD register were validated by 
the Department for Strategic Quality Management of the 

University Clinic Innsbruck, Innsbruck, Austria. All data 
were anonymised prior to analysis.

The following data were collected for analysis: age; 
sex; affected eye; lens status; best- corrected visual acuity 
given as the logarithm of minimum angle of resolu-
tion (logMAR); presence of pathological myopia (axial 
length ≥26.5 mm); history of trauma and complicated 
surgeries (including cataract surgery, previous retinal 
surgery and laser therapy); presence of vitreous bleeding; 
characteristics and location of retinal tears; extent of 
retinal detachment and affected quadrants; surgical 
methods; foveal detachment verified by spectral domain 
optical coherence tomography (SD- OCT); grading of 
proliferative vitreoretinopathy (PVR)- classification as per 
the updated Retina Society Classification into grades A to 
C18; surgical methods, time spent in the operation theatre; 
whether patients were treated on weekends or national 
holidays to analyse a potential difference of the OR effi-
ciency or success rate of patients treated on the week-
ends compared with patients treated on weekdays (ie, 
weekend effect); whether patients were treated outside 
regular working hours to evaluate a potential difference 
of OR efficiency or success rate between patients treated 
after regular working hours with patients treated during 
regular working hours (ie, after- hours surgery); and time 
from surgery to re- detachment in patients who under-
went surgery at least 6 months before the end of the 
observation period. At hospitalisation, ophthalmological 
examinations were performed by a retinal specialist.

Clinical assessment and grading
Electronic medical records were used for the outcome 
analysis. Vitreoretinal surgeries were performed at the 
university hospital Innsbruck in the federal state of Tyrol. 
All patients experiencing a second retinal detachment 
were referred again to Medical University Innsbruck. At 
presentation, all patients received SD- OCT as a protocol 
routine to evaluate the foveal status. Primary success was 
defined as the reattachment of the retina at 6 months 
after initial surgery without retinal laser coagulation or 
further reattachment procedures. In cases with silicone 
oil endotamponade, primary success was defined as 
retinal attachment 6 months after silicone oil removal. 
Removal of the silicone oil was recommended within 6 
months of follow- up.

Vitreoretinal surgeries were performed by four experi-
enced surgeons and two trainees. Trainees were defined 
as vitreoretinal surgeons who had performed less than 
100 surgeries. The time spent in the OR included surgery 
time and time needed for the anaesthetic procedure 
before and after surgery, including turnover time. The 
surgeries were performed under retrobulbar anaesthesia 
(RA, performed by the surgeon) or general anaesthesia 
(GA). The surgical method used was PPV or SB. We 
also included patients who underwent cataract surgery 
combined with PPV. PPV consisted of a standard three- 
port 20- gauge (G), 23G, 25G and 27G instrumenta-
tion, endolaser or transscleral cryocoagulation, fluid- air 
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exchange with air or gas (SF6, C3F8), or silicone oil (5000 
centistokes) as endotamponade. SB surgery included a 
localised silicone sponge. Cases with more than one tear 
were preferably treated with PPV. In cases with more than 
one retinal tear that were treated with a silicon sponge, 
the retinal tears were proximal to each other. Due to 
the small sample size, we excluded cases that underwent 
vitrectomy combined with an encircling band and cases 
with a localised silicone sponge combined with an encir-
cling band.

Statistical analyses
Demographic data and baseline findings were presented 
as the number of patients and percentages, normally 
distributed data were reported as means and SD and 
non- normally distributed data were reported as median 
with IQR. The Kolmogorov- Smirnov test was employed to 
test all variables for normal distribution. The Pearson’s 
correlation or the Spearman’s rank correlation coef-
ficient was calculated to analyse correlations between 
factors. The unpaired t- test was conducted to compare 
normally distributed continuous data between methods 
or type of anaesthesia. A linear regression model was used 
with OR time as the dependent variable to determine the 
effect of clinical findings, surgical method and logistic 
variables on OR efficiency. All factors with a p value <0.1 
on univariate linear regression were selected as covariates 
for the multivariate linear regression model. We used the 
beta coefficient (β) to describe the degree of change of 
the OR efficiency for every unit of change of the indepen-
dent variable. Further, we conducted a stepwise binary 
logistic regression analysis to determine potential clin-
ical and methodical confounders of primary success at 6 
months after surgical reattachment of the primary RRD. 
All factors with a p value <0.1 on univariate analysis were 
selected as independent variables for the multivariate 
stepwise binary logistic regression. We also determined 
the OR of significant independent variables leading to 
success or failure.

All p values <0.05 were considered significant. Statis-
tical analyses were performed using SPSS Statistics (IBM).

Patient and public involvement
Patients or members of the public were not involved in 
the design, implementation, analysis, or report of the 
present retrospective study.

RESULTS
The data of 783 consecutive patients were included in 
the study. The mean (SD) age was 61 (±12) years, 503 
(64%) patients were men and 135 had pathological 
myopia (17%). At presentation, foveal involvement of the 
RRD was verified by SD- OCT in 377 (48%) cases. Three 
hundred and thirty (42%) eyes were found to have more 
than one retinal tear. PPV was performed in 641 (82%) 
eyes, and 142 (18%) eyes underwent SB surgery. Surgical 
treatment was performed within 24 hours after clinical 

presentation in 524 (67%) cases. Further baseline char-
acteristics of the patients in the two treatment groups 
(PPV or SB) are shown in detail in table 1. The number 
of different gauge sizes and the distribution of surgical 
methods and OR time according to the different gauge 
sizes are presented in table 2. Differences of clinical and 
surgical characteristics between cases treated with PPV 

Table 1 Demographics and baseline characteristics of 
patients with primary rhegmatogenous retinal detachment 
treated with pars plans vitrectomy or scleral buckle surgery

Characteristics

Pars plana 
vitrectomy
(n=641)

Scleral buckle
(n=142)

Age (SD) 64 (12) 48 (13)

Sex (M/F) (%) 418 (65)/223 (35) 85 (60)/57 (40)

Myopia (%) 93 (15) 42 (30)

Pseudophakia (%) 296 (46) 8 (6)

Vitreous bleeding (%) 69 (11) 18 (13)

Weekend effect (%) 82 (13) 10 (7)

After- hours surgery (%) 161 (25) 23 (16)

PVR (%) 169 (26) 19 (13)

  None (%) 472 (74) 123 (87)

  A (%) 77 (12) 11 (8)

  B (%) 29 (4) 2 (1)

  C (%) 63 (10) 6 (4)

Number of retinal tears 
(IQR)

1 (1–2) 1 (1–1)

Retinal tear

  >1 tear (%) 298 (47) 32 (23)

  Giant tear (%) 26 (4) 4 (3)

  Ora dialysis (%) 4 (1) 2 (1)

Location of retinal 
detachment

  Superior temporal (%) 399 (62) 76 (54)

  Superior nasal (%) 349 (54) 44 (31)

  Inferior nasal (%) 267 (42) 45 (32)

  Inferior temporal (%) 330 (51) 64 (45)

Extent of detachment (IQR) 5.0 (3.0–6.0) 3.0 (2.0–4.5)

  ≤4 hours (%) 284 (44) 103 (73)

  4–8 hours (%) 280 (44) 34 (24)

  >8 hours (%) 61 (10) 2 (1)

  N/A (%) 16 (2) 3 (2)

Foveal involvement (%) 355 (55) 31 (22)

Surgical timing (IQR) 21 (1–193) 22 (1–139)

  ≤24 hours (%) 440 (69) 84 (60)

  24–72 hours (%) 168 (26) 47 (33)

  >72 hours (%) 33 (5) 11 (8)

Baseline BCVA in logMAR 
(IQR)

0.96 (−0.10–
2.10)

0.20 (−0.10–
2.00)

BCVA, best- corrected visual acuity; F, female; logMAR, logarithm 
of minimum angle of resolution; M, male; N/A, not applicable; PVR, 
proliferative vitreoretinopathy.
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or SB surgery under GA or RA are presented in online 
supplemental table.

OR efficiency
The mean OR time was 93.8 (±42.5) and 71.8 (±30.5) 
(p<0.001) min for patients who underwent 20G and small 
gauge PPV under RA, respectively and 135.0 (±51.0) and 
103.4 (±50.0) min (p=0.025), respectively for those who 
underwent PPV under GA. For SB surgery, the mean OR 
time with RA was 62.1 (±24.6) min, and the mean OR 
time with GA was 76.0 (±22.5) min (p<0.001). The OR 
time for SB surgery under GA and RA was significantly 
shorter than that for the PPV procedures (both p<0.001).

Multivariate linear logistic regression revealed that 
PPV was performed faster in patients who underwent 
small gauge vitrectomy (23G, 25G, 27G) than in those 
who underwent 20G PPV (all p<0.001). The presence of 
a giant tear (p=0.001, β=24.01), PVR grade C (p<0.001, 
β=16.43), inferior nasal location of the detachment 
(p<0.001, β=8.20), concomitant cataract extraction 
(p<0.001, β=8.52), the extent of detachment of more 
than 8 clock hours (p<0.001, β=14.17), surgeries post-
poned for ≥72 hours after diagnosis (p=0.001, β=21.40), 
GA (p<0.001, β=23.64) and surgeon experience (p<0.001, 
β=17.35) were correlated with a prolonged OR time 
(table 3).

Multivariate regression analysis of SB surgery outcomes 
revealed that the presence of a giant tear (p=0.012; 
β=26.67), number of retinal tears (p=0.004, β=4.12), GA 
(p<0.001, β=13.99) and surgeon experience (p<0.001, 
β=25.25) were associated with a longer OR time.

The patients who needed a second surgical interven-
tion after PPV and SB surgery spent a median of 19 (7–50) 
min (p<0.001) and 61 (19–90) min (p=0.009) longer at 
the second intervention in the OR, respectively.

In a linear regression analysis of the time spent in the 
OR adjusted for the presence of PVR, inferior location 
of detachment, the extent of detachment, surgical timing 
and surgeon experience, there was no significant differ-
ence between phaco- vitrectomy and PPV alone using 

23G, 25G or 27G in phakic eyes or pseudophakic eyes 
(p=0.244 and p=0.375, respectively). Figure 1 represents 
the distribution of OR efficiency in SB surgery or PPV in 
the presence of certain clinical and logistic factors that 
had, according to the multivariate analysis, a significant 
impact.

Success rate
Primary success was achieved in 81.7% of the eyes. No 
further treatment was needed in 521 (81.3%) eyes after 
surgical treatment with PPV or in 119 (83.8%) cases after 
SB surgery (p=0.549). A combined phaco- vitrectomy 
procedure was performed in 328 (51%) cases and showed 
no significantly different success rate of PPV in pseu-
dophakic eyes (p=0.418). Patients with a re- detachment 
presented to the department within a median (IQR) 
of 32 days (15–69), and 50%, 85% and 97% of which 
experienced re- detachment within 1, 3 and 6 months, 
respectively.

In cases treated with PPV, after applying a stepwise 
binary logistic regression adjusted for age, vitreous 
bleeding, after- hours surgery, retinal tear in the supe-
rior nasal and inferior temporal quadrants, foveal 
involvement of retinal detachment, gauge size used 
in PPV procedure and surgical timing, only the pres-
ence of PVR (p=0.022, β=0.499±0.219) remained as a 
significant risk factor for re- detachment (table 4). Eyes 
with the presence of PVR had 65% higher likelihood of 
experiencing re- detachment. In cases treated with SB 
surgery, stepwise binary logistic regression adjusted for 
pseudophakic eyes, weekend effect, after- hours surgery, 
surgical timing and surgeon experience revealed that 
after- hours surgeries (p=0.006; β=1.52±0.549; 95% 
CI 1.54 to 13.27) and surgeon experience (p=0.030; 
β=1.17±0.538; 95% CI 1.11 to 9.12) were correlated 
with a reduced primary success rate. The odds for 
re- detachment were 3.2 times higher when SB surgery 
was performed by a trainee and 4.5 times higher if the 
surgery was performed after- hours.

Table 2 Distribution of surgical methods according to different gauge sizes (G) in pars plana vitrectomy

20G 23G 25G 27G

N 80 247 289 25

Combined phacoemulsification (%) 40 (50) 125 (50) 148 (51) 15 (60)

Anaesthesia

Retrobulbar
Anaesthesia (%), OR time in min (SD)

60 (75)
93 (42)

226 (92)
64 (31)

262 (91)
80 (29)

23 (92)
59 (19)

General
Anaesthesia (%), OR time in min (SD)

20 (25)
135 (51)

21 (8)
96 (47)

27 (9)
111 (53)

2 (8)
74 (30)

Tamponade

Gas (%) 59 (74) 219 (89) 275 (95) 24 (96)

Silicon oil (%) 21 (26) 28 (11) 14 (5) 1 (4)

*Indicates high statistical significance (p<0.01).
N, number; OR, operating room.
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Table 3 Potential factors affecting time efficiency of pars plana vitrectomy and scleral buckle surgery

Characteristics

Pars plana vitrectomy Scleral buckle

Univariate analysis Multivariate analysis* Univariate analysis Multivariate analysis†

P value (β–SE) P value (β–SE) P value (β–SE) P value (β–SE)

Age 0.018‡ (−0.288–0.121) 0.267 (−0.113–0.101) 0.048‡ (−0.276–0.138) 0.692 (−0.053–0.133)

Sex (M/F)

  Male Reference Reference

  Female 0.080 (−5.42–3.09) 0.107 (−3.98–2.47) 0.190 (−5.51–4.19)

  Myopia 0.983 (0.092–4.19) 0.026‡ (10.03–4.46) 0.078 (7.04–3.97)

  Cataract§ 0.057 (10.68–2.89) <0.001¶ (8.52–2.36) N/A

  Vitreous bleeding 0.270 (5.23–4.74) 0.571 (3.55–6.24)

  Weekend effect 0.175 (5.94–4.37) 0.874 (1.29–8.14)

  After- hours surgery 0.465 (−2.47–3.38) 0.383 (4.93–5.63)

Gauge sizes

  20G Reference N/A

  23G <0.001¶ (−37.10–4.49) <0.001¶ (−32.48–4.09) N/A

  25G <0.001¶ (−20.82–4.41) <0.001¶ (−18.20–4.09) N/A

  27G <0.001¶ (−43.47–8.03) <0.001¶ (−31.81–6.91) N/A

  PVR <0.001‡ (10.01–1.45) <0.001¶ (5.45–1.37) 0.012 (7.55–2.96) 0.073 (4.95–2.74)

  None Reference Reference

  Grade A 0.293‡ (4.63–4.41) 0.561 (−4.42–7.58)

  Grade B <0.001‡ (26.85–6.98) 0.175 (8.13–5.99) 0.077 (30.67–4.32) 0.372 (13.72–15.33)

  Grade C <0.001‡ (29.15–4.81) <0.001¶ (16.43–4.13) 0.010‡ (26.36–10.08) 0.057 (17.38–9.04)

  Number of retinal tears 0.674 (0.376–0.892) <0.001‡ (7.75–1.65) 0.004¶ (4.12–1.42)

Retinal tear

  1 tear Reference Reference

  >1 tear 0.265 (3.33–2.98) 0.001‡ (15.99–4.68) 0.045‡ (8.26–4.09)

  Giant tear 0.001‡ (24.11–7.37) <0.001¶ (24.01–5.81) 0.008‡ (33.06–12.23) 0.012‡ (26.67–10.43)

  Ora dialysis 0.035‡ (38.99–18.47) 0.081 (25.12–14.65) N/A

Location of retinal detachment

  Superior temporal 0.842 (0.588–2.95) 0.381 (−3.73–4.24)

  Superior nasal 0.227 (3.65–3.03) 0.587 (−2.24–4.11)

  Inferior nasal <0.001‡ (15.02–2.92) <0.001¶ (8.2–2.72) 0.004‡ (12.64–4.32) 0.520 (2.62–4.06)

  Inferior temporal <0.001‡ (11.66–2.90) 0.080 (3.47–2.65) 0.003‡ (12.12–4.00) 0.610 (1.92–3.74)

  Extent of detachment <0.001‡ (4.57–0.554) <0.001¶ (2.45–0.641) <0.001‡ (3.94–1.09) 0.020‡ (2.36–1.00)

  ≤4 hours Reference Reference

  4–8 hours 0.010‡ (7.71–2.98) 0.154 (3.94–2.76) 0.047‡ (9.34–4.66) 0.628 (2.02–4.15)

  >8 hours <0.001‡ (31.43–5.04) <0.001¶ (14.17–4.94) 0.006‡ (45.62–17.13) 0.061 (28.15–14.88)

  Foveal involvement 0.564 (−3.29–5.69) 0.965 (−0.334–7.79)

  Surgical timing 0.001‡ (0.144–0.041) <0.001¶ (0.193–0.041) 0.902 (−0.008–0.067)

  ≤24 hours Reference Reference

  24–72 hours <0.001‡ (15.16–3.25) 0.010‡ (6.83–2.75) 0.413 (3.66–4.46)

  >72 hours <0.001‡ (38.41–7.68) 0.001¶ (21.40–6.50) 0.282 (8.11–8.52)

  General anaesthesia <0.001‡ (33.63–3.12) <0.001¶ (23.64–2.98) <0.001‡ (13.10–4.00) 0.001¶ (13.99–3.91)

  Surgeon experience 0.029‡ (8.68–3.97) <0.001¶ (17.35–3.22) <0.001‡ (21.72–4.85) <0.001¶ (25.25–4.40)

*Linear regression adjusted for age, sex, eyes with combined cataract surgery, PVR, detached inferior nasal, detached inferior temporal quadrant, extent of 
detachment, surgical timing, general anaesthesia and surgeon experience.
†Linear regression adjusted for age, myopia, presence of PVR, number of retinal tears, detached inferior nasal quadrant, detached inferior temporal quadrant, 
general anaesthesia and surgeon experience.
‡Indicates statistical significance (p<0.05).
§Combined phaco- vitrectomy.
¶Indicates high statistical significance (p<0.01).
F, female; M, male; N/A, not applicable; PVR, proliferative vitreoretinopathy; β, beta coefficient.



6 Angermann R, et al. BMJ Open 2021;11:e052513. doi:10.1136/bmjopen-2021-052513

Open access 

DISCUSSION
The identification of clinical, methodological and logistic 
features affecting OR efficiency and the recognition 
of risk factors reducing the success rate in the surgical 
management of RRD are paramount in order to individ-
ually optimise preoperative planning and postoperative 
management. Thus, we established an electronic register 
to monitor quality and efficiency indicators for vitreo-
retinal surgery at one tertiary referral centre for retinal 
detachment, and 783 consecutive cases with primary RRD 
were included in this retrospective registry study.

Our findings demonstrate that numerous factors were 
involved in prolonged OR time for PPV or SB surgery. 
Multivariate analysis revealed that presence of a giant tear, 
a PVR grade C, or an advanced extent of detachment had 
the greatest impact on OR time in cases treated with PPV, 
which accounted for 24 (32%), 16 (21%) and 14 (18%) 
min, respectively, of additional time spent in the OR. 
Combined phaco- vitreytomy or an RRD located in the 
inferior nasal quadrant had an impact of up to 8 (10%) 
min. Surgery performed under GA, postponed beyond 
72 hours after diagnosis and performed by a trainee 
consumed up to 23 (31%), 21 (28%) and 17 (22%) min 
more OR time, respectively. We also found that the time 
spent in the OR was 18–30 (24%–40%) min shorter for 
small gauge vitrectomies (23G, 25G and 27G) than for 
20G vitrectomy. Overall, after conducting the multivar-
iate analysis, we did not find a difference in OR efficiency 
or success rate between small gauge vitrectomies.

In cases treated with SB surgery, regression analysis 
revealed that the average OR time was 26 (41%) min 
longer if a giant tear, and it was 8 (12%) min longer if 
more than one retinal tear was present. However, in this 
study cohort, cases with more than one retinal tear were 
only treated with SB surgery if the retinal tears were prox-
imal to each other. When SB surgeries were performed 
by a trainee or under GA, 25 (40%) and 14 (22%) min of 
additional OR time was needed, respectively.

In our study cohort, only 11% of cases undergoing 
PPV and 8% of cases undergoing SB surgery were 
performed under GA. Further, there was no difference 
in anatomical success between types of anaesthesia 
or gauge sizes utilised for PPV. With regard to the 
presented OR efficiency, the additional costs and nega-
tive effects of GA on OR efficiency should be considered 
individually before choosing the surgical settings.19 20 It 
should also be considered that an increased failure rate 
has an immense effect on the efficiency of the OR. In 
addition to the fact that a second surgery needs to be 
planned, patients experiencing a second detachment 
spent a significant longer time in the OR for the second 
surgery compared with the primary surgery. However, it 
has to be mentioned that the duration of second inter-
ventions in this study showed a high variance and the 
aspect of OR efficiency in these cases should be consid-
ered individually.

In the present study, we found a primary anatomical 
success rate of 81% after PPV treatment in 641 cases, 
which is comparable with the results of recent reports of 
a national register and other monocentric retrospective 
studies.5 21 Our finding of a success rate of 84% among 142 
eyes after SB surgery is also similar to that in these studies. 
PPV was preferred as the second surgical intervention in 
78% of cases with re- detachment after SB surgery.

Several studies have analysed various factors poten-
tially influencing the success rate of surgical treatment 
in RRD. Depending on the definition of primary success, 
the extent of detachment, macular involvement, reduced 
visual acuity, presence of PVR and surgeries performed on 
weekends have been related to reduced success rate.11 21 22 
However, the power of the statistical analysis has been 
limited by either the number of patients or the difficulty 
in including all considerable confounders in national 
register studies.3 5 21–23 In our study, after conducting a 
stepwise binary logistic regression, the presence of PVR 
was the only factor associated with a reduced success rate 
after performing PPV. In these cases, there was a 68% 
greater chance of a second detachment within 6 months 
after surgery. In patients treated with SB surgery, we 
conducted a stepwise binary logistic regression and found 
that an after- hours setting and surgeon experience were 
correlated with a reduced primary success rate. After- 
hours setting and lack of experience increased the risk 
for surgical failure by threefold to fourfold. In contrast to 
the findings of Lee et al,22 we were not able to confirm the 
weekend or after- hours effect in the success rate of RRD 
after surgical treatment with PPV.

Figure 1 Distribution of operating room (OR) time for scleral 
buckle (SB) or pars plana vitrectomy (PPV) surgeries with the 
involvement of clinical and logistic factors. The graph shows 
a distribution of OR time in minutes according to method 
(SB or PPV) in the presence of certain factors that had, 
in accordance with the multivariate analysis, a significant 
impact on OR efficiency. The dark grey bar chart represents 
the OR efficiency with the given factor, and the light grey 
bar chart represents that without the given factor. Impact 
represents the relative change in OR time if the given factor 
was present. PVR, proliferative vitreoretinopathy.
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The limitations of the study include its retrospective 
nature and that a follow- up visit for every individual 
patient was not possible. Therefore, many patients were 
followed up by private ophthalmologists or local clinics. 
However, our clinic is the tertiary centre in the region, 
and practically all patients diagnosed with a re- detach-
ment are referred again to our department.

The strength of the study is the large number of patients 
that were diagnosed and treated at one tertiary referral 
centre for retinal detachment. To the best of our knowl-
edge, this is the first study to comprehensively analyse 

various clinical, methodological and logistic factors 
affecting time efficiency in the OR. Further, in contrast 
to national register studies, we were able to include 
numerous potential confounders in the multivariate 
analysis for OR efficiency and risk factors of anatomical 
success. Six surgeons with different levels of experience 
were involved in the surgical treatment of primary RRD 
in the present study, thus allowing us to include the 
level of experience in the multivariate analysis. Based 
on these findings, the presented results may help clini-
cians compare the time metrics of surgery, as well as allow 

Table 4 Potential risk factors associated with re- detachment after pars plans vitrectomy and scleral buckle surgery

Pars plana vitrectomy Scleral buckle

Univariate Analysis Multivariate analysis* Univariate analysis Multivariate analysis†

Characteristics P value (β–SE) P value (β–SE) P value (β–SE) P value (β–SE)

Age 0.056 (0.017–0.009) 0.917 (−0.002–0.002)   

Sex (M/F) 0.265 (0.233–0.209) 0.303 (−0.505–0.409)   

Axial length (≥26.5 mm) 0.865 (−0.048–0.284) 0.551 (−0.288–0.483)   

Pseudophakic 0.794 (0.054–0.207) 0.086 (1.32–0.773)   

Vitreous bleeding 0.059 (−0.784–0.412) 0.057 (–0.790–0.415) 0.461 (0.457–0.619)   

Weekend effect 0.109 (−0.568–0.354) 0.007‡ (0.184–0.681)   

After- hours surgery 0.034‡ (−0.549–0.260) 0.057 (–0.501–0.263) 0.002‡ (1.57–0.513) 0.006‡ (1.52–0.549)

PVR 0.010‡ (0.560–0.216) 0.022‡ (0.499–0.219) 0.195 (−1.37–1.05)   

  None Reference Reference   

  Grade A 0.158 (0.471–0.296) 0.430 (−0.846–0.068)   

  Grade B 0.043‡ (0.857–0.423) N/A   

  Grade C 0.094 (0.527–0.314) N/A   

Number of retinal tears 0.429 (0.046–0.058) 0.631 (0.081–0.168)   

Retinal tear   

  1 tear Reference Reference   

  >1 tear 0.920 (−0.021–0.207) 0.790 (0.148–0.556)   

  Giant tear 0.999 (19.7–23.2) N/A   

  Ora dialysis N/A N/A   

Location of retinal detachment   

  Superior temporal 0.235 (−2.45–2.06) 0.753 (0.145–0.459)   

  Superior nasal 0.021‡ (−0.471–0.204) 0.593 (−0.036–0.068)   

  Inferior nasal 0.303 (0.210–0.204) 0.268 (−0.600–0.541)   

  Inferior temporal 0.024‡ (0.467–0.207) 0.282 (−0.511–0.475)   

Extent of detachment 0.672 (0.017–0.039) 0.811 (−0.032–0.134)   

  ≤4 hours Reference Reference   

  4–8 hours 0.850 (0.41–0.218) 0.435 (−0.463–0.592)   

  >8 hours 0.367 (0.308–0.341) N/A   

Foveal involvement 0.053 (0.202–0.104) 0.991 (−0.003–0.276)   

Surgical timing 0.198 (0.005–0.004) 0.643 (−0.005–0.011)   

  ≤24 hours Reference Reference   

  24–72 hours 0.100 (0.369–0.224) 0.090 (0.816–0.482)   

  >72 hours 0.281 (0.459–1.16) 0.559 (0.497–0.851)   

  Baseline BCVA, logMAR 0.109 (0.227–0.141) 0.815 (0.096–0.410)   

  Surgeon experience 0.713 (0.099–0.268) 0.016‡ (1.20–0.495) 0.030‡ (1.17–0.538)

*Stepwise binary logistic regression adjusted for age, vitreous bleeding, after- hours surgery, retinal tear in the superior nasal and inferior temporal quadrants, foveal involvement of 
retinal detachment, gauge size used in PPV procedure, surgical timing and proliferative vitreoretinopathy (PVR).
†Stepwise binary logistic regression adjusted for pseudophakic eyes, weekend effect, after- hours surgery, surgical timing and surgeon experience.
‡Indicates statistical significance (p<0.05).
BCVA, best- corrected visual acuity; logMAR, logarithm of minimum angle of resolution; N/A, not applicable; PVR, proliferative vitreoretinopathy; β, beta coefficient.
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them to benchmark their OR efficiency, success rates, and 
consider various factors for optimised preoperative plan-
ning, surgical care and postoperative management.

In conclusion, the present study identified clinical 
factors, including giant tear, PVR- C, advanced detach-
ment, and inferior nasal detachment, that prolonged OR 
time by a factor of 1.1–1.3. Surgical methods and choice 
of anaesthesia had an additional impact on OR time by 
a factor of up to 1.4. As a result of the current findings, 
the surgical coordination department of our institution 
consequently assigns patients with RRD with a giant tear, 
advanced PVR signs, and retinal detachments involving 
more than 8 clock hours to be performed during normal 
OR hours with the regular theatre staff.

Contributors RA and CZ conceived of the presented idea and planned the study. 
RA and MTK were responsible for applying and obtaining the approval of the ethics 
committee. RA, ALH, MH and YN were responsible for data acquisition and data 
management. RA and ALH performed the statistical analysis. CZ and YN verified the 
analytical methods. CZ, MTK, SE and RA interpreted the data. RA wrote this article. 
RA, ALH, MH, YN, SE, MTK and CZ discussed the results and contributed to the final 
manuscript. CZ was responsible for the overall content as the guarantor.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by 
our retrospective register study was approved by the Local Committee for Medical 
Research Ethics Innsbruck, Austria (EK No: 1431/2020). Due to the retrospective 
nature of the study the need of informed consent was not obtained.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iD
Reinhard Angermann http:// orcid. org/ 0000- 0002- 1610- 4619

REFERENCES
 1 Grey RH, Burns- Cox CJ, Hughes A. Blind and partial sight 

registration in Avon. Br J Ophthalmol 1989;73:88–94.

 2 Sodhi A, Leung L- S, Do DV, et al. Recent trends in the management 
of rhegmatogenous retinal detachment. Surv Ophthalmol 
2008;53:50–67.

 3 Mitry D, Charteris DG, Fleck BW, et al. The epidemiology of 
rhegmatogenous retinal detachment: geographical variation and 
clinical associations. Br J Ophthalmol 2010;94:678–84.

 4 Frings A, Markau N, Katz T, et al. Visual recovery after retinal 
detachment with macula- off: is surgery within the first 72 h better 
than after? Br J Ophthalmol 2016;100:1466–9.

 5 Jackson TL, Donachie PHJ, Sallam A, et al. United Kingdom national 
ophthalmology database study of vitreoretinal surgery: report 3, 
retinal detachment. Ophthalmology 2014;121:643–8.

 6 Schmidt JC, Rodrigues EB, Hoerle S, et al. Primary vitrectomy in 
complicated rhegmatogenous retinal detachment--a survey of 205 
eyes. Ophthalmologica 2003;217:387–92.

 7 Wickham L, Connor M, Aylward GW. Vitrectomy and gas for 
inferior break retinal detachments: are the results comparable 
to vitrectomy, gas, and scleral buckle? Br J Ophthalmol 
2004;88:1376–9.

 8 Weichel ED, Martidis A, Fineman MS, et al. Pars plana vitrectomy 
versus combined pars plana vitrectomy- scleral buckle for primary 
repair of pseudophakic retinal detachment. Ophthalmology 
2006;113:2033–40.

 9 Heimann H, Zou X, Jandeck C, et al. Primary vitrectomy for 
rhegmatogenous retinal detachment: an analysis of 512 cases. 
Graefes Arch Clin Exp Ophthalmol 2006;244:69–78.

 10 Azad RV, Chanana B, Sharma YR, et al. Primary vitrectomy versus 
conventional retinal detachment surgery in phakic rhegmatogenous 
retinal detachment. Acta Ophthalmol Scand 2007;85:540–5.

 11 Thelen U, Amler S, Osada N, et al. Outcome of surgery after 
macula- off retinal detachment - results from MUSTARD, one of the 
largest databases on buckling surgery in Europe. Acta Ophthalmol 
2012;90:481–6.

 12 Cunningham AJ. Improving operating room productivity and 
efficiency - are there any simple strategies? Rom J Anaesth Intensive 
Care 2017;24:87–8.

 13 Divatia JV, Ranganathan P. Can we improve operating room 
efficiency? J Postgrad Med 2015;61:1–2.

 14 Levine WC, Dunn PF. Optimizing operating room scheduling. 
Anesthesiol Clin 2015;33:697–711.

 15 Ferrand YB, Magazine MJ, Rao US. Managing operating room 
efficiency and responsiveness for emergency and elective 
surgeries—A literature survey. IIE Trans Healthc Syst Eng 
2014;4:49–64.

 16 Angermann R, Bechrakis NE, Rauchegger T, et al. Effect of timing on 
visual outcomes in Fovea- Involving retinal detachments verified by 
SD- OCT. J Ophthalmol 2020;2020:1–5.

 17 Angermann R, Mosböck S, Palme C, et al. Impact of submacular 
fluid volume on visual outcome in macula- off rhegmatogenous 
retinal detachment using automated optical coherence tomography 
volumetric quantification. Clin Exp Ophthalmol 2021;49:439–47.

 18 Machemer R, Aaberg TM, Freeman HM, et al. An updated 
classification of retinal detachment with proliferative 
vitreoretinopathy. Am J Ophthalmol 1991;112:159–65.

 19 Childers CP, Maggard- Gibbons M. Understanding costs of care in 
the operating room. JAMA Surg 2018;153:e176233.

 20 Simanjuntak GW, Djatikusumo A, Adisasmita A, et al. Cost analysis 
of vitrectomy under local versus general anesthesia in a developing 
country. Clin Ophthalmol 2018;12:1987–91.

 21 Haugstad M, Moosmayer S, Bragadόttir R. Primary rhegmatogenous 
retinal detachment - surgical methods and anatomical outcome. Acta 
Ophthalmol 2017;95:247–51.

 22 Lee IT, Lampen SIR, Wong TP, et al. Fovea- sparing rhegmatogenous 
retinal detachments: impact of clinical factors including time to 
surgery on visual and anatomic outcomes. Graefes Arch Clin Exp 
Ophthalmol 2019;257:883–9.

 23 Pastor JC, Fernández I, Rodríguez de la Rúa E, et al. Surgical 
outcomes for primary rhegmatogenous retinal detachments in phakic 
and pseudophakic patients: the Retina 1 Project--report 2. Br J 
Ophthalmol 2008;92:378–82.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1610-4619
http://dx.doi.org/10.1136/bjo.73.2.88
http://dx.doi.org/10.1016/j.survophthal.2007.10.007
http://dx.doi.org/10.1136/bjo.2009.157727
http://dx.doi.org/10.1136/bjophthalmol-2015-308153
http://dx.doi.org/10.1016/j.ophtha.2013.07.015
http://dx.doi.org/10.1159/000073067
http://dx.doi.org/10.1136/bjo.2004.043687
http://dx.doi.org/10.1016/j.ophtha.2006.05.038
http://dx.doi.org/10.1007/s00417-005-0026-3
http://dx.doi.org/10.1111/j.1755-3768.2007.00888.x
http://dx.doi.org/10.1111/j.1755-3768.2010.01939.x
http://dx.doi.org/10.21454/rjaic.7518.242.cnn
http://dx.doi.org/10.21454/rjaic.7518.242.cnn
http://dx.doi.org/10.4103/0022-3859.147000
http://dx.doi.org/10.1016/j.anclin.2015.07.006
http://dx.doi.org/10.1080/19488300.2014.881440
http://dx.doi.org/10.1155/2020/2307935
http://dx.doi.org/10.1111/ceo.13929
http://dx.doi.org/10.1016/S0002-9394(14)76695-4
http://dx.doi.org/10.1001/jamasurg.2017.6233
http://dx.doi.org/10.2147/OPTH.S179369
http://dx.doi.org/10.1111/aos.13295
http://dx.doi.org/10.1111/aos.13295
http://dx.doi.org/10.1007/s00417-018-04236-4
http://dx.doi.org/10.1007/s00417-018-04236-4
http://dx.doi.org/10.1136/bjo.2007.129437
http://dx.doi.org/10.1136/bjo.2007.129437

	Efficiency benchmarks in the surgical management of primary rhegmatogenous retinal detachment: a monocentric register cohort study of operating room time metrics and influential factors
	Abstract
	Introduction
	Methods
	Dataset and patients
	Clinical assessment and grading
	Statistical analyses
	Patient and public involvement

	Results
	OR efficiency
	Success rate

	Discussion
	References


