
Research Article
Key Factors to Improve the Outcome of Retinal
Reattachment Surgery in Proliferative Vitreoretinopathy and
Proliferative Diabetic Retinopathy

Svenja Deuchler,1 Hanns Ackermann,2 Pankaj Singh,1 Thomas Kohnen,3

Clemens Wagner,4 and Frank Koch1

1Vitreoretinal Unit, Department of Ophthalmology, Goethe University, Frankfurt am Main, Germany
2Institute of Biostatistics and Mathematical Modelling, University Hospital, 60590 Frankfurt am Main, Hessen, Germany
3Department of Ophthalmology, Goethe University, Frankfurt am Main, Germany
4VRmagic GmbH, 68167 Mannheim, Baden-Württemberg, Germany

Correspondence should be addressed to Svenja Deuchler; s.deuchler@icloud.com

Received 17 February 2017; Accepted 7 May 2017; Published 9 July 2017

Academic Editor: Anat Loewenstein

Copyright © 2017 Svenja Deuchler et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction. For management of complicated retinal detachments, a pars plana vitrectomy with temporary silicone oil (SO) fill is
the method of choice. According to literature, the retinal redetachment rate varies between <10% and >70%with around 36% in our
own group (retrospective data analysis, n = 119 eyes). Methods. The main goal was to reduce the retinal redetachment rate.
Standard operating procedures (SOPs) and evaluation protocols (EVALPs) were developed to prospectively analyse risk factors.
Lab analysis of SO was performed, and the role of surgical experience was evaluated and investigated with Eyesi®. Results. We
achieved a significant reduction of the retinal redetachment rate (to 6.80%, n = 101, p = 0 002). After surgery with SO injection,
neither further membrane peeling (in 16.5%) nor retinal laser coagulation (in 100%) during revision surgery had a significant
effect on the reattachment rate (p = 0 167, p = 0 23), while extensive additional laser coagulation reduced visual acuity (p = 0 01).
A 3-port approach had to be set up to complete SO removal. A difference in success rate depending on surgical experience was
confirmed, and the performance in Eyesi correlated with that in the patients’ eye. Conclusions. A SOP- and EVALP-based
management and new strategies to secure the surgical performance seem to be essential for successful surgery.

1. Introduction

The most common complication of retinal reattachment sur-
gerywith apreliminary siliconeoilfill is a retinal redetachment
after the removal of the silicone oil. In literature, the redetach-
ment rates vary between less than 10% and over 70%.

The cause analysis is “poor” and not sufficient to draw
clear-cut conclusions to improve the success rate [1–13]. This
poses the question, which parameters should be sought dif-
ferently and improved upon in order to systematically reduce
the rate of redetachments of the retina after the removal of
silicone oil and to also check to what extent this is possible.

Goezinne et al. [11] describe the occurrence of a retinal
redetachment within the first 3 months after oil removal in

two-thirds of all eyes, and only 10% of the redetachments
occurred later than 6 months after oil removal.

The immediate assessment of the actual condition of the
retina and its environment after primary reattachment ser-
vice is obviously critical and difficult at the same time. It is
otherwise unexplainable, why redetachments after silicone
oil removal occur very early if not immediately after [14].
As described by others [15, 16], our own retrospective data
showed that in those eyes where redetachments occurred,
this complication was not at all expected. Moreover, in two-
thirds of the affected eyes, this occurred within the first four
weeks after oil removal.

Decisive for the follow-up and the success rate of
retinal detachment surgery are concomitant circumstances.
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Traditionally, these flow into the so called 17proliferative
vitreoretinopathy [PVR] classification [17–19] and a vari-
ety of surgical consequences from this classification. Since
in a proliferative diabetic retinopathy (PDR), there are
many similarities with the PVR process; Kroll et al. intro-
duced “fPDVR” in 2007 [19] which will be used in this
work as P(D)VR from now.

As more damaged retinal tissue has to be removed (reti-
nectomized) to reattach healthier retinal tissue, the risk will
be higher that residual retina will also start to shrink and
cannot be preserved permanently.

Performing a 360° laser coagulation before draining the
silicone oil increases the safety of a permanent retina attach-
ment [20]. The adequately performed laser coagulation
reduces the redetachment rate after the removal of oil from
58% to 26%.

In De Silva’s work, the probability of poor vision < 20/
400 (corresponding to <1/50, threshold of legal blindness)
increases with the increase of severity in the P(D)VR clas-
sification (by 15% in each of the classification degrees:
stages A, B, C, etc.).

In Unlue et al.’s work [14], redetachment risk increases
with the increase of severity in the P(D)VR classification;
9.5% with P(D)VR C, 25% with P(D)VR D, over 33% for
tractional retinal detachment/trauma, and >37% with giant
retinal tears.

The most recent studies of general risk factors fundamen-
tally relevant for the successful establishment of a primary
rhegmatogenic ablation retinae include the work published
by Jiang et al. [21, 22], Kon et al. [23], and Rodríguez de la
Rúa et al. [24]. In a retrospective multicenter study by the
European Vitreoretinal Society (EVRS), published under
the lead of Adelman et al. [25], substantial general risk factors
were concluded from over 7500 eyes: choroidal detachment,
significant hypotony, P(D)VR stage C-1, distribution of
detached retina over all 4 quadrants, and the size/type of ret-
inal holes (large/giant tears). In the EVRS study in which not
only pars plana vitrectomy (PPV) but also buckling surgery
was considered, the condition “retinal detachment before or
after cataract surgery” was of secondary importance.

In Pavlovic et al.’s work [26], it is quite obvious how
essential the assessment of a “clinically stable retinal reat-
tachment” is for the decision whether to remove silicone oil
or not (at a certain time) and also for the expected result.
Depending on the more or less correct detection of the actual
condition of all tissues, a redetachment occurs in 8% to 53%.
Pavlovic et al. also stress the importance of laser coagulation.

Gupta and coworkers [27] have followed the progress of
treatment options over 10 years in 346 eyes and found that
when removing bloody vitreous or vitreous-causing retinal
traction, both the anatomical success rate and visual acuity
have increased steadily [28–30], most likely because vitreor-
etinal service was offered promptly (no later than 6 weeks).
As many others in literature, they point out the need to
meticously remove blood and diseased vitreous in the outer-
most periphery, particularly when dealing with proliferative
tissue activity.

Later, we will discuss that the shift from 20 g to smaller
gauges, down to 27 gauge, includes an intrinsic risk-

performing surgery less complete during primary service
(Figure 1) which implicates different considerations for the
revision surgery with intended silicone oil removal.

Since the comparability of known strategies taken from
literature about the care and management of complicated ret-
inal detachment as well as a variety of associated parameters
was very unsatisfactory, and the results or success and failure
rates of existing data were difficult to measure, the aim of this
study is to improve the results using standard operation pro-
cedures (SOPs) with detailed evaluation protocols (EVALPs)
and to show essential steps to achieve this goal.

2. Material and Methods

In theDepartmentofOphthalmologyat theGoetheUniversity
in Frankfurt am Main, 119 eyes suffering from a complicated
retinal detachment had been serviced with preliminary sili-
coneoil injectionat theendof aPPV.Datawere retrospectively
tracked and stored in anExcel database (Microsoft®Excel® for
Windows, 2010; Excel forMac, 2011). Surgeries performed by
12 vitreoretinal surgeons were included.

Finally, 101 eyes with sufficiently long follow-up docu-
mentation were evaluated and compared with patients pro-
spectively followed up from there. In the majority of these
retrospective cases (74 of 101), the silicone oil was drained
via 2 channels (passive drainage) once fundoscopy had
shown complete reattachment of the retina under the oil fill.

In about 36% of the silicone oil-filled eyes of our patients,
a variety of complications after the removal of the oil led to
one or more further surgical procedures. There were various
reasons found to explain the origin of these complications.
We tried to rank their importance: first of all, the quality of
documentation of the surgical procedure [31]. Other reasons
included the surgeon’s choice of primary and secondary care,
the surgical experience (years of experience in the vitreoret-
inal service), the condition (thickness) of the retina, attach-
ment/detachment of the macula/fovea, the number and
quality of laser coagulation, the stage of P(D)VR activity,
and the quality and completeness of peeling (epiretinal
membranes/ILM). After identifying the causes for the devel-
opment of recurring retinal complications and retinal
detachment, a proposal for a standard surgical procedure
(SOP) was developed (Figure 2).

It was based on the protocol of a prospective study
(n = 103 eyes) with an open, controlled study design and the
main goal to determine the failure rate. The SOP was revised
during the prospective continuation of the study, considering
aspects known from literature and those from our own retro-
spectively collected data.

The study was approved by the ethical review committee,
Goethe University in Frankfurt amMain (IRB decision num-
ber E 190/11, transaction number 403/11). This study was
conducted in accordance with the tenets of the Declaration
of Helsinki. Patients’ records were pseudonymized and
deidentified prior to statistical analysis.

All the analyses were performed using BiAS V10.12 [32]
for Windows, IBM SPSS Statistics V22 and the R package
V3.1–120 [33].
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The data were analysed using numerous statistical tests
[32–44]. The case count calculation was performed on the
basis of the binomial test. A double-sided binomial test
(Fisher’s F distribution with rejection range p = 2∗ (p/2))
was used to test the null hypothesis H0 (theta0 = 0.3564)
against the alternative using theta0-thetaA≤ 0.1782 and a
95% binomial confidence interval for the thetaA fraction.
The recheck of the null hypothesis was repeated for the
operator subgroups. The χ2-contingency panel test was
performed in the presence of categories. The age distribution
of the patients was compared using the 2-sample t-test in the
modified form of the Welch test (for variance inequality).
The necessary normal distribution of the values was proven
by the Kolmogorov and Smirnov tests. The F-test for the
comparison of two variances in two-sided questions was
used to check the performance fluctuations between the
most experienced and the inexperienced surgeon with
and without virtual reality training in the Eyesi. In order
to investigate which influence criteria were most likely to
be responsible for the statistically significant reduction of
the retinal detachment rate, a comparison was made by
means of multiple regression.

Whether there was a statistically significant difference in
the best postoperative visual acuity was tested using the
Wilcoxon-Mann–Whitney U test. The predictors for the
postoperative visual acuity (=dependent variable) were
defined according to the above mentioned multiple regres-
sion method.

A correlation calculation according to Spearman was car-
ried out to check the correlation between the risk factorswhich
werederived from the retrospective analysis. The evaluation of
the correlation coefficient (rho) was made using the effect
strength according to Evans as follows: <0.2: poor; 0.2–0.4:
weak; −0.4–0.6: moderate; 0.6–0.8: strong; and >0.8: optimal.
To check the statistical significance (p < 0 05) of the results, a
two-page test with Edgeworth approximation was obtained.

Our retrospective study data with n = 119 patients
showed a retinal redetachment (failure) rate after removing
the silicone oil from the vitreous cavity of 34%. The main
goal was to reduce the failure rate by at least 50%.

This resulted in the minimum relevant difference of
delta0=−0.17. With the error probabilities of α=0.05 and
β=0.1 and a power of 90%, a sample size of at least n = 69
patients was needed for a 2-sided question.

The following influencing variables were included in the
EVALPs of the prospective study and evaluated according
to their significance in the course of the observations:

(i) Analysis of visual acuity: visual acuity describes the
perception of patterns and contours and is primar-
ily tested for distance (5mmeasuring distance) and
proximity (30 cm), so that the person concerned
can verifiably recognize letters or signs

(ii) Quality of vision: for bettermeasurement of surgical
results,we initiated the systematicuseof the“Central

(a) (b)

(c) (d)

Figure 1: Scenes to document essential surgical steps: (a) filling of perfluorocarbon liquids (PFCL); (b) trimming necrotic retina tissue edges;
(c) peeling of the inner limiting membrane after staining with indocyanine green; (d) laser coagulation of the retina edges after exchange of the
PFCL against air before instillation of silicone oil.
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Complete retinal re-
attachment, equal
laser responses
(brown/black), no
folds or traction or
bleedings

Surgery 1 = with silicone oil
tamponade

Successful intervention: adequate equally
spread laser response (white/grey), complete

uncontrollable bleedings, adequate surgical
removal of membranes, flat retina, no folds, no

time, surgeon expects oil removal with no
complications

Questionable outcome of surgery: laser
response inadequate, traction not com-
pletely removed (swollen retina, star folds,
shortening of retina, questionable retinal
reattachment), inadequate long surgical
time, uncontrollable bleedings at the end of
surgery, and need for revision surgery expected

Examination 2 (4 months):
v.a. (electronic EDTRS),
contrast vision, biomicroscopy,
i.o. pressure, funduscopy, OCT,

photography (phakic eyes)

Partial retinal
detachment, segmental
lack of reactions
wrinkeled or shortened
segment(s) of the retina,
and bleedings, fibrotic scars

Surgery 2 = planned oil removal

2–port silicone oil

or air tamponade,
removal “only,” fluid

eventually
combination with
cataract surgery

Full 3–port revision
with silicone oil
removal, eventual
cataract surgery then
air/gas tamponade or
silicone oil refill silicone oil refill

Full 3–port revision, with
silicone oil removal,
eventual cataract
surgery, with air/gas or

In case of complete
retinal reattachment:
examination 4

Complete retinal
reattachment: send
patient back to
referring physician

State of retina can be
improved: revision again

State of retina can be
improved: revision again

History + examination 1 (start):
v.a. (electronic EDTRS),
contrast vision, biomicroscopy,
i.o. pressure, funduscopy, OCT,
autofluorescence, Scheimpflug

autofluorescence, Scheimpflug

photography (phakic eyes)

Examination 3 (5 months):
v.a. (electronic EDTRS),
contrast vision, biomicroscopy,
i.o. pressure, funduscopy, OCT,

photography (phakic eyes)

Examination 4 (end point 8 months):
v.a. (electronic EDTRS),
contrast vision, biomicroscopy,
i.o. pressure, funduscopy, OCT,
autofluorescence, Scheimpflug
photography (phakic eyes)

(see above)

(see above)

autofluorescence, Scheimpflug

Figure 2: Standard operation procedure for the surgery of complex retinal detachments with preliminary silicone oil tamponade (initial
version). EDTRS = international standard to present visual acuity (v.a.) values; biomicroscopy = examination of the anterior segment of
the eye, for example, the lens; i.o. pressure = measurement of the pressure in the eye; funduscopy = examination of the retina; OCT:
optical coherence tomography = noninvasive “cutting through” the retina using light wavelengths; autofluorescence; special photography
of the retina RPE complex; Scheimpflug photography; special measurement of lens changes, related, for example, to aging, diabetes
mellitus, inflammation, and trauma.
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Vision Analyser (CVA).” The detection of visual
quality with theVimetrics®Central VisionAnalyser
(CVA) under mesopic and photopic conditions

(iii) Influence of eye length: influence of the deviation
from a normal eye length (emmetropia) service
documentation: detailed data were collected in an
evaluation protocol (EVALP)

(iv) Membrane peeling: staining of membranes and
extent of PVD, ERM, and ILM removal

(v) Laser: distribution and intensity

(vi) Structure of the retina/P(D)VR: grading of the
retina state according to the classification of the
Retina Society

(vii) Total operational supply in one hand: number of
surgeons providing service for primary reattach-
ment surgery and revision surgery with silicone
oil removal

(viii) Influence of the extent of practical experience
(years of experience in the vitreoretinal service):
vitreoretinal experience in years and systematically
augmented skills (e.g., in Eyesi) are independent
important criteria for the success rate

(ix) Degree of retinal detachment: involvement of
the macula

(x) Retinal holes: number, size, and condition of retina
holes (e.g., enrolled edges and stiffness)

(xi) Retinotomy and retinectomy: removal of retinal tis-
sue; location and extent

(xii) Influence of simulator training on the surgical
performance: relation of surgical performance
between surgery in the Eyesi surgical simulator
and in the patients’ eye and role of warming up in
the simulator before going to the OR. By randomi-
zation, the surgeon either went immediately to the
operating room or warmed-up by going through a
short simulator training beforehand. Evaluation
by two independent observers was performed to
guarantee intragrader and intergrader consistency.

3. Results

Both in the retrospectively and prospectively compiled data-
sets, only the eyes with permanently attached retina after
silicone oil removal were considered to be a success. Retro-
spectively, from 119 patients, 18 patients had to be excluded
for the final calculation of the statistical analysis due to inad-
equate follow-up. 101 patients (n = 101) had an adequate
observation period of 4 months after the oil drain and could
be included in the analysis. There was a failure in n = 36
patients, consisting of retinal redetachment (n = 32) or a
need for permanent oil fill (n = 4) of the eye. Overall, the
failure rate was 35.64%.

From this, the null hypothesis H0 (theta = 0.3564) was
deduced. H0 should be rejected with the aim of reducing
the failure rate by at least 50% to 17.82% or less. This resulted
in the minimum relevant difference of delta0 =−0.1782.

After evaluating the prospective data, a study inclu-
sion of n = 113 patients was possible. n = 10 patients
did not complete the study (dropouts). Thus, n = 103
patientswereprospectively evaluated. In this case, a failure rate
of n = 7, consisting of the number of redetachments of the
retina (n = 3) and the number of continuous oil tamponades
(n = 4), was evaluated.

With the aim of achieving a failure rate of <17.82% and
the minimal relevant difference of delta0=−0.1782, the null
hypothesis could be rejected with p = 0 002 using the
double-sided binomial test [36, 41]. The failure rate was
reduced to 6.80%.

3.1. Calculation of the Confidence Interval. After rejecting the
null hypothesis with p = 0 002, a binomial confidence
interval for theta (0.07) with p = 0 95 was calculated.

This was valid for the proportion theta in n = 103 study
participants and a failure rate of k = 7 patients from
0.027759 to 0.135022. That is, 95% of the failure rate was
found to be between a lower limit of 2.77% and an upper
limit of 13.50%, and thus a maximum failure rate of
13.50% according to the prospective method SOPs can be
expected [41].

3.2. Comparison of Retrospective versus Prospective Study
Populations. Prior to evaluating possible impact criteria on
the failure rate, the two study groups were tested for homoge-
neity (Table 1).

A χ2 contingency panel test [35, 41] was carried out in
the analyses concerning the demographics and characteris-
tics of the participants in the course of classes (exception
of age distribution).

3.2.1. Age. In order to determine whether the two groups
(retrospective versus prospective) were based on the same
age distribution, the 2-sample t-test was performed.

First, prerequisites for the 2-sample t-test were checked.
The Kolmogorov-Smirnov test was carried out to test for
the normality of distribution. The zero hypothesis was
“The age distribution corresponds to a Gaussian distribu-
tion.” This could be maintained for both groups with
p > 0 10. As a further assumption for the 2-sample t-test,
homogeneity of the variances was checked using the F-test,
which falls below the threshold of α=0.10 with p = 0 0005
here, so that equality of the variances cannot be assumed.
Thus, the 2-sample t-test was applied using the modified
form of the Welch test: the p value is 0.0005, so that it
could be assumed from different age distributions [41, 45].

3.2.2. Gender. Of the 101 fully evaluable patient eyes of the
retrospective study section, 65 (64.36%) eyes were of men
and 36 (35.64%) of women. 103 eyes were prospectively
evaluated: 66 (64.08%) of men, 37 (35.92%) of women.

This showed no statistically significant difference with
p = 0 99. Consequently, there was a comparable gender
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Table 1: Parameters of population and surgery (retrospective versus prospective) and their statistical relation.

Number of eyes/patients 101 (retro) 103 (pro) p value

Age, years 0.00051

Mean± SD 63.35± 13.32 57.08± 11.81
Range 26–101 22–86

Gender, number 0.99∗2

Male 65 66

Female 36 37

Eye, number 0.48∗2

Right 51 57

Left 50 46

Preop. fovea situation 0.94∗2

Attached 21 22

Washed up 15 18

Detached 60 63

Not specified 5 0

Redetachment rate 4× 10−6∗2

None 65 96

Permanent oil fill 4 4

Redetachment≥4months 7 1

Redetachment 1–4 months 4 1

Redetachment <1months 21 1

Surgeon‘s skill, years 0.002∗2

1–7 years 49 25

≥7 years 36 54

≥25 years 16 24

Timing of cataract surgery 0.06∗2

Primary pseudophakic 29 41

With silicone oil fill 8 3

With revision surgery 35 41

In the course 29 18

P(D)VR stage 0.71∗2

AB/A 26 33

C1/B 12 13

C2/C1 18 16

C3/C2 15 20

D1/C3 9 14

D2, D3/D1 11 7

Not specified 10 0

Viscosity of silicone oil 0.01∗2

5000mPa·s 80 69

4300mPa·s 4 6

2000mPa·s 13 28

Not specified 4 0

Laser coagulation (amount and efficiency) 0.11∗2

Grade 6 10 6

Grade 5 27 30

Grade 4 20 33

Grade 3 21 24

Grade 2 11 9
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distribution with approximately twice as many male than
female patients in both groups.

3.2.3. Right/Left Eyes. A similar distribution of the affected
eye was also present: retrospectively, 50 (49.5%) right eyes
and 51 (50.5%) left eyes were affected by the retinal

detachment, prospectively 57 (55.34%) right eyes and 46
(44.66%) left eye (p = 0 49).

3.2.4. Fovea Situation.As more of the macula is affected by
the retinal detachment, the more questionable the recovery
of visual acuity and vision is. Therefore, macular

Table 1: Continued.

Number of eyes/patients 101 (retro) 103 (pro) p value

Grade 1 7 1

Not rated 5 0

Amount of membrane peeling < 10−6∗2

VB+PVD+ERM+ ILM peeling 4 79

VB+PVD+ERM peeling 22 11

VB+PVD 72 12

VB 3 1

Consistency of surgeon 0.76∗2

In one hand 26 30

2 surgeons 19 16

>2 surgeons 55 57

Not specified 1 0

Kind of revision 10−6∗2

2-port 74 0

3-port 23 103

Not specified 4 0

Peeling at the time of revision 0.82∗2

Performed 18 17

Not performed 81 83

Not specified 2 3

Axial length 0.0007∗2

Patho. myopic 12 19

Myopic 19 38

Emmetropic 37 33

Hyperopic 25 8

Not specified 8 5

Number and size of retinal hole area 0.004∗2

1 (macula hole, giant tear, 360° tear) 13 15

2 (>5 holes, <10 hrs) 8 15

3 (>2 < 5 holes, <8 hrs) 9 22

4 (=2 holes, <6 hrs) 12 17

5 (=1 hole, <4 hrs) 32 22

6 (hidden hole, <2 hrs) 27 11

Not specified 0 1

Retino/retinectomy 0.11∗2

1 (retinectomy 360°) 0 0

2 (retinectomy 90–180°, 2 retinot. post. to the equator) 7 5

3 (retinectomy <90°, 1 retinot. post. to the equator) 18 16

4 (2 retinot. ant. to the equator) 3 0

5 (1 retinot. ant. to the equator) 15 8

6 (not performed) 58 74

Statistical analysis: 1two-sample t-test: *2χ2 contingency table. Number: number of patients; SD: standard deviation; mPa·s: millipascal·second; VB: vitreous
body; PVD: posterior vitreous detachment; ERM: epiretinal membrane; ILM: membrana limitans interna; retinot.: retinotomy; post.: posterior;
ant.: anterior; preop.: preoperative; patho.: pathological.
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involvement is a critical parameter. OCT technology can
assist the assessment.

Retrospectively, there was no adequate data on the
condition of the fovea preoperatively in 5 eyes (4.95%).
In some cases, the statement was not sufficiently docu-
mented; ultimately, there was a detachment of the poste-
rior pole in 60 eyes (59.41%), partial detachment of the
fovea in 15 eyes (14.85%), and in 21 eyes (20.79%), the
fovea was attached preoperatively.

In the prospective series, all 103 eyes showed definite
information on the condition of the fovea: in 63 (61.16%)
of the eyes, fovea was detached, in 18 eyes (17.48%), the fovea
was underwashed by fluid (washed out), and in 22 eyes
(21.36%), the fovea was preoperatively attached.

There was no significant difference between the two stud-
ies (p = 0 94). In both groups, the fovea was affected from the
retinal detachment in four-fifths of all cases.

3.2.5. Retinal Redetachment Rate. In the retrospectively
followed group (permanent retinal reattachment in 65
patients = 64.36%), an early retinal redetachment after pri-
mary attachment developed within 1 month after the oil
drainage in 21 eyes (20.79%), redetachment occurred in 4
eyes (3.96%) after 4 months (3.96%), and later in 7 eyes
(6.93%), 4 eyes (3.96%) needed a permanent oil tamponade
to stabilize the retina.

After the development and use of the SOP and the evalu-
ation curves in the prospectively followed group, the retina of
96 of 103 eyes (93.21%) stayed permanently attached over the
entire period of follow-up. In each group, within 1 month,
after 1 to 4 months, and after 4 months, one eye (0.97%)
developed a redetachment; a permanent oil fill was needed
in 4 eyes (3.88%).

The difference between the retrospective and the pro-
spective study with p = 4 × 10−6 was highly significant.

3.2.6. Surgeons’ Skill. In the retrospective group, 16 (15.84%)
interventions were performed by the most experienced
colleagues (experience > 25 years), in 36 eyes (35.65%) by
surgeons with experience of >7 and in 49 eyes (48.51) from
surgeons with 1 to 7 years experience.

In the prospective group, 24 eyes (23.30%) were per-
formed by the most experienced surgeons, 54 (52.43%) by
surgeons with >7 years of experience and 25 eyes (24.27%)
by surgeons with 1 to 7 years of experience.

Between the two studies, there was a significant difference
in p = 0 002 with regard to operational experience classes.
For this reason, we retested the primary parameter “reduc-
tion of the failure rate by 50%” for the 3 subgroups with dif-
ferent surgical experience, in order to break down the effect

of the experience profile on the main target value “perma-
nently attached retina” (Table 2).

3.2.7. Timing of Cataract Surgery. Retrospectively, 29 eyes
(28.71%) were operated after a previous cataract surgery
(pseudophakic retinal detachment). In 8 eyes (7.92%), a com-
bined phacoemulsification with implantation of a posterior
chamber lens and a 3-port PPV was performed for the retinal
reattachment maneuver using a preliminary silicone oil tam-
ponade. In 35 eyes (34.65%), the lens was replaced between
initial and revision surgery or during the revision surgery
when silicone oil was removed and cataract surgery was per-
formed at a later time in 29 eyes (28.72%). Prospectively, the
rate of pseudophakic retinal detachment was 39.8% (41 eyes);
in 3 cases, the PPV was combined with cataract surgery,
another 41 eyes (39.8%) received a lens exchange together
with the removal of silicone oil, and in 18 eyes (17.48%), it
was performed later. There was no significant difference
between these two groups (p = 0 06).

3.2.8. P(D)VR Classifications/Staging. The classification of
proliferative (diabetic) vitreoretinopathy (P(D)VR) stages is
based on the classification of the Retina Society 1983 and
the Kroll classification of 2007 [17–19, 46, 47].

There were no retrospective reports in 10% of the eyes
(10 eyes, 9.9%). In the PVR stage D2/D3/PDR stage D1
were 11 eyes (10.89%), in the PVR stage D1/PDR-C3 stage
9 eyes (8.91%), in the PVR-C3 and PDR-C3 (14.8%), in
PVR-C2/PDR-C1 stage 18 eyes (17.82%), in PVR-C1/
PDR-B stage 12 eyes (11.88%), and in PVR-AB/PDR-A
stage had 26 eyes (25.75%).

All eyes were prospectively evaluated with 7 eyes (6.8%)
in the most advanced stage PVR D2/D3/PDR D1, 14 eyes
(13.59%) in PVR stage D1/PDR-C3 stage, 20 eyes (12.72%)
in the PVR-C1/PDR-C2 stage, 16 eyes (15.53%) in the
PVR-C2/PDR-C1 stage, and 33 eyes (32.04%) in the PVR-
AB/PDR-A stage.

There was no significant difference between the two
groups when staging the P(D)VR (p = 0 71).

3.2.9. Viscosity of the Silicone oil. Retrospectively, 80 eyes
(79.21%) were filled with 5000mPa·s of silicone oil, 4 eyes
(3.96%) with 4300mPa·s of silicone oil, and 13 eyes
(12.87%) with 2000mPa·s of silicone oil. In 4 eyes (3.96),
no data were found on the type of oil used. Prospectively,
5000mPa·s of oil were used in 69 eyes (66.99%), 4300mPa·s
in 6 eyes (5.83%), and 2000mPa·s in 28 (27.2%) eyes. Based
on the different manufacturing andmarketing of silicone oils,
the choice of oils differed significantly (p = 0 01).

Table 2: Failure rate depending on surgical experience.

Surgical experience (years) Retro: surgery (n) Failure rate (n) (%) Goal (%) Pro: surgery (n) Failure rate (n) (%) Stat. signific. (p)

Overall 101 36 35.64 <17.82 103 7 6.80 0.002∗1

1–7 years 49 16 32.65 <16.33 25 1 4.00 0.136∗1

≥7 years 36 17 47.22 <23.61 54 5 9.26 0.012∗1

≥25 years 16 3 18.75 <9.38 24 1 4.17 0.655∗1

Statistical analysis: ∗1two-sided binomial test. n: number of surgeries.
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3.2.10. Laser Coagulation. The intra- and postoperative
assessment of the quality of the laser coagulation affects the
planning of any further procedure.

Does laser coagulation has to be performed after primary
retinal detachment service and before revision surgery with
oil removal or during revision surgery, directly before or after
the removal of oil, and what affects the anatomical outcome
and how does visual function respond to it? A thickened
(swollen) retina may not be lasered at all during surgery, a
thinned retina is also associated with the risk of not being
adequately linked to the pigment epithelium, or even being
inadvertently penetrated by the laser (iatrogenic laser holes).

The evaluation of the laser coagulation was based on the
reasonable number of laser spots as well as their quality (ade-
quate responding). Retrospectively, lasers were classified as
very good = grade “6” for 10 eyes (9.9%), grade “5” for 27 eyes
(26.73%), grade “4” for 20 eyes (19.8%), grade “3” for 21 eyes
(20.79%), grade “2” for 11 eyes (10.89%), and grade “1” for 7
(6.94%) eyes. In 5 eyes (4.95%), no adequate data were found.

Prospectively, grade “6” for 6 eyes (5.82%), grade “5”
for 30 eyes (29.13%), grade “4” for 33 (32.04%), grade 3
for 24 (23.3%), grade “2” for 9 eyes (8.74%), and grade
“1” for one eye (0.97%). There was no significant difference
(p = 0 11), and the distribution was approximately the same
in both groups.

3.2.11. Membrane Peeling during Primary Surgery. P(D)VR
often affects the interface in the macula as well as outside of
the macula. During primary service as well as revision sur-
gery, both the removal of macula pucker tissue and all PVR
membranes responsible for tissue contraction (e.g. star folds)
have to be carefully and repeatedly evaluated.

The extent of membrane peeling performed during the
primary retinal reattachment surgery was also classified into
categories:

(i) Category 4=VB+PVD+ERM+ ILM peeling

(ii) Category 3=VB+PVD+ERM peeling

(iii) Category 2=VB+PVD

(iv) Category 1=VB.

The measures or points of value are additive.
Retrospective category 1= vitreous body (VB) removal in

3 eyes (2.97%), category 2=VB removal plus generation of a
posterior vitreous detachment (PVD) in 72 eyes (71.29%),
category 3= in addition to category 2=peeling of epiretinal
membranes (ERM) in 22 eyes (21.78%), and category 4= in
addition to category 3 peeling of the membrana limitans
interna (ILM) performed in 4 eyes (3.96%).

Prospective category = comprehensive peeling of cate-
gory 4 was carried out in 79 eyes (76.69%), while all struc-
tures except the ILM were peeled (category 3) in 11 eyes
(10.67%) and (category 2) in 12 eyes (11.65%); a VB removal
and a PVD were performed, and (category 1) in 1 eye
(0.97%), only the removal of vitreous body was mentioned.

In the prospective group, the surgeons performed signif-
icantly more membrane peelings (p < 10−6).

3.2.12. Consistency of the Surgeon. Retrospectively, initial and
follow-up in 26 interventions were carried out by one sur-
geon (25.74%), 2 different surgeons were involved in 19 eyes
(18.81%), and 3 or more surgeons in 55 eyes (54.46%). For
one intervention (0.99%), there was no useable data.

Prospectively, in 30 eyes (29.13%), surgeries were in one
surgeon’s hand; in 16 eyes (15.53%), in the hands of 2 differ-
ent surgeons; and the remaining surgeries were accomplished
by 3 or more surgeons in 57 eyes (55.34%). There was no sig-
nificant difference (p = 0 76).

3.2.13. Revision Type: 2-Port/3-Port. The qualitative changes
of the oils (manufacturing/marketing reasons) had signifi-
cant impact on the prospective protocol of the study, while
retrospectively, it was freely chosen between the two
approaches (103 eyes), with a 2-port approach in 73.27%
(74 eyes) and with a 3-port approach in 21.78% (23 eyes,
no data in 5 eyes = 4.95%). Prospectively, a 3-port approach
had to be set up for all 103 (100%) eyes because of the neces-
sity for multiple rinsing of the vitreous cavity to guarantee as
complete as possible removal of the oil (p = 1 × 10−6).

Once in the eye (3-port approach), additional laser and/
or peeling could be considered.

3.2.14. Membrane Peeling in the Revision Surgery. Retrospec-
tively, 18 eyes (17.82%) were peeled in the revision surgery
with silicone oil removal from the vitreous cavity, and no
membrane peeling was performed in 81 eyes (80.20%). For
2 eyes (1.98%), there was no useable data.

Prospectively, 17 eyes were peeled (16.51%), 83 eyes
(80.58%) were not peeled in the revision, and there was no
useable data for 3 eyes (2.91%).

There is no statistically significant difference (p = 0 82).

3.2.15. Myopia. An increased eye length (high myopia) is
often accompanied by limited surgical outcomes, for exam-
ple, because of pigment deficiencies and consequently less
sufficient laser coagulation responses.

The axial length of the eye can become the critical factor
for reattaching a detached retina. For our retrospective and
prospective patients, we selected a classification based on
the literature in which pathologically myopic eyes with
−6 dptr or higher negative values were distinguished from
myopic eyes (between ≥−0.5 dptr and ≤−6 dptr), emmetro-
pic eyes (between −0.5 dptr and +0.5 dptr), and hyperopic
eyes (≥+0.5 dptr.).

While the proportion of pathologically myopic eyes
increased from retrospectively 12% to prospectively 18%,
proportion of myopic eyes from almost 19% to 37%, number
of emmetropic eyes fell from retrospective over 36% to a pro-
spective 32%, and the proportion of hyperopic eyes decreased
from around 25% to less than 8%. In both groups, no clear
data was available in some eyes, and so that proportion was
reduced by a retrospective 8% to a prospective 5%.

In total, there was an increase in the overall risk due to
significant shift in the direction of the myopic axis length
with p = 7 × 10−4.

3.2.16. Retinal Hole: Total Area. According to their clinical
importance, the retinal area and location were weighted into
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6 categories. Retrospectively, 27 eyes (26.73%, category 6) did
not have any holes or tiny defects preoperatively invisible
behind the vitreous body.

A single hole couldbepresentedpreoperatively or intraop-
eratively at just one-thirdof the interventions (32 eyes/31.68%,
category 5), 2 holes in 12 eyes (11.88%, category 4), 2 to 5 holes
in 9 eyes (8.92%, category 3), more than 5 holes in 8 eyes
(7.92%, category 2), andagiant tear or retinal detachmentwith
macular hole in 13 eyes (12.87%, category 1).

Prospectively, 11 eyes (10.69%) were found in category 6,
22 eyes (21.36%) in category 3, 17 eyes (16.5%) in category 4,
22 eyes (21.36%) in category 3, along with 15 eyes (14.56%)
in category 2, and as many in category 1. There was no data
available for an intervention (0.97%). The risk profile shifts
significantly (p = 0 004) with respect to the retinal surface
area to “disadvantage” the prospective group. The prospec-
tive eyes have a significantly higher risk, especially in the
case of risk assessments 2, 3, and 4 (2 to >5 holes, 29% ret-
rospectively versus 53% prospective), whereas only a few
eyes in the prospective group have only one or no holes
(categories 5 and 6).

3.2.17. Retino/Retinectomies. Small cuts (retinotomies) lead
to relaxation of smaller retinal contractions. If larger areas
cannot be relaxed by retinotomies, the retina has to be
removed (retinectomies).

In the case of a need of retinectomies (removal of a con-
tracted, shortened, functional retina), categories were again
created and intended to reflect the clinical risk profile:

(i) Category 1: retinectomy 360°

(ii) Category 2: retinectomy 90–180°, 2 retinotomies
posterior of the equator

(iii) Category 3: retinectomy <90°, 1 retinotomy poste-
rior of the equator

(iv) Category 4: 2 retinotomies peripheral to the equator

(v) Category 5: 1 retinotomy peripherally of the equator

(vi) Category 6: no retinectomy performed.

Retrospectively as well as prospectively, 360° retinectomy
was not seen in either of the eyes (0% in category 1). 7
(6.93%) versus 5 (4.85%) eyes were classified retrospectively
versus prospectively in category 2, 18 (17.82%) versus 16
(15.53%) met the criteria in category 3, 3 (2.97%) versus 0
(0%) met the criteria in category 4, 15 (14.85%) versus 8
(7.76%) met the criteria in category 5, and 58 (57.43%) versus
74 (71.84%) eyes were not retinectomized. With p = 0 11,
there was no statistically significant difference.

3.3. Reduction of the Failure Rate as a Function of the Surgical
Experience (Independent of Simulator Training). A statisti-
cally significant difference (p = 0 002) between the retrospec-
tive and prospective study was found in the χ2 contingency
panel test between the retrospective and prospective study,
and the following survey was carried out to determine
whether our main goal parameter “failure rate by 50% lower”

also applies to the individual operating subgroups with dif-
ferent experience spectra.

This was also checked by means of a binomial test for the
comparison of two Poisson frequencies by Fisher’s F distri-
bution with a rejection range p = 2∗ (p/2).

As shown above, the retrospective failure rate of
35.64% (consisting of redetachment and duration fill) of
the whole group was prospectively reduced (marginally
relevant difference of delta0 =−0.1782) down to 6.8% with
a p = 0 002.

Regarding the group of inexperienced surgeons (1 to 7
years of experience), retrospectively, a failure rate of 32.65%
was found (Table 2). This resulted in a prospectively mini-
mally relevant difference of delta0 =−0.1633. With a pro-
spective failure rate of 4%, the target could be reduced by
50% with the subgroup of inexperienced surgeons (1 to 7
years) with double-sided questioning with p = 0 136.

In the case of the “average” surgeons (>7 years of experi-
ence), a retrospective failure rate of 47.22% differed from a
prospective rate of 9.26%. This was shown as a highly signif-
icant difference by a two-sided test with p = 0 012.

The very experienced surgeons (>25 years of experience)
retrospectively ended up with a failure rate of 18.75%, pro-
spectively 4.17%. The null hypothesis could not be rejected
with statistic significance (p = 0 655) in two-sided questions.

3.4. Effect of the Simulation Training on the Actual Operating
Performance Depending on Surgical Experience. Whether
simulator training just improves surgical confidence or also
affects the actual surgical performance was a controversially
discussed issue at the beginning of the study at hand. It had
to made measurable based on criteria as anatomical success
rate, surgical time, and so forth.

The influence of simulation training on the operative
performance was obtained by means of the Eyesi surgi-
cal simulator. In Deuchler et al. [48], our group related
the vitreoretinal surgery performance in Eyesi to that in
the operating room and proved a statistical significant
effect of VR warmup training to the actual service in
the patients’ eye.

Our study also showed that the expert typically caused
less tissue damage, and score deductions had been limited
to “time” and “completeness of the training module.”

In the following, we focussed on the deviation from the
mean performance value depending on surgical experience
and Eyesi training.

3.4.1. Analysis of Total Performance (with and without
Warmup Training). All video recordings (assessment scale
1–5) of the VR-to-OR performance (with and without
warmup training, n = 21) of 4 surgeons who participated
selectively in the Eyesi training module were evaluated by
two independent observers: The surgeon with 25 years of
experience (n = 7) achieved an average of 4.60± 0.21, while
the other three participating surgeons with 2, 3, and 7 years
of experience (n = 14) had mean values of 3.42± 0.76.
Regardless of whether they had warmed up or not, the stan-
dard deviation of the 3 less experienced surgeons is very high
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compared to that of the expert with a SD=0.76 (less experi-
enced surgeons, n = 14) versus SD=0.21 (expert, n = 7).

It was shown using the F-test for the comparison of two
variances [41] in double-sided questioning with p = 0 005
that the variance s2 = 0.0441 of evaluations with the most
experienced surgeon is significantly lower than with evalua-
tions of the other participating surgeons with 2, 3, and 7 years
of surgical experience with the spread s2 = 0.5776.

3.4.2. Analysis of Video Recordings without “Warmup”
Training. The most experienced surgeon was evaluated with
a score of 4.48± 0.07 (n = 5) without “warmup” training in
real surgery. For the two surgeons with 3 and 7 years experi-
ence (n = 7), the mean evaluation score is 3.01± 0.54. The
surgeon with 2 years of surgical experience was randomized
with all his operations “with simulator training” (n = 2) and
could, therefore, only be evaluated in this subgroup analysis.
Using the F-test to compare two variances, the variance
s2 = 0.0049 of evaluations in the most experienced surgeon
was significantly lower than in evaluations of the other par-
ticipating surgeons with 3 and 7 years of experience with
the spread s2 = 0.2916.

3.4.3. Subgroup Analysis of the Video Recordings with
“Warmup” Training. The most experienced surgeon (25
years of experience, n = 2 operations) has a mean score of
4.91± 0.04 and 3.83± 0.74 in the group of surgeons with 2,
3, and 7 years of experience (n = 7 operations).

Here, despite the spread of values, s2 = 0.0016 in the
scores of the most experienced surgeon versus s2 = 0.5476 in
the scores of the other participating surgeons with 2, 3, and
7 years of experience almost no significant difference was
achieved in performing the F-test for the comparison of
two variances in a two-sided questionnaire with p = 0 083.
This is most likely explained by the low number of cases.

It can be clearly seen that the surgeon with 25 years of
experience with (s2 = 0.0016) and without (s2 = 0.0049)
warmup training has only minimal scattering in performance
(Table 3). However, the scatter is much higher in the group of
inexperienced surgeons.

Looking at the performance of surgeons separately, it was
shown that warmup training resulted in a significantly better
outcome of evaluations, but the spread of each inexperienced
surgeon increased from 0.2916 (without warmup) to 0.5476
(with warmup). This is most likely explained by the fact that
the total number is small and the most inexperienced

surgeon with the highest standard deviation was randomized
to the “warmup group” exclusively.

This shows that warmup training does not alter the per-
formance scatter of the surgeons but the performance level
of the surgeons.

3.5. Multiple Regression to Analyse Potential Risk Factors. In
order to determine the most important influence factors for
retinal redetachment in the retrospective versus prospective
group (Table 4), we performed a multiple regression analysis.
In this model, the statistical significance niveau is tradition-
ally set at 10%. By combining the most important variables,
multiple regression techniques show the overall explanatory
power of the variables.

After performing multiple regression analysis with retinal
redetachment rate as dependent variable, we could show that
the most influential factor for retinal redetachment in the ret-
rospective groupwas the amount of retino/retinectomies with
p < 10−4 and the quality of documentation with p = 0 017.

After repeating the multiple regression with the same
influence factors for the prospective group, all parameters
were eliminated except for the amount of retino/retinec-
tomies (Table 5).

The elimination of the constant “quality of documenta-
tion” in the prospective group was possibly achieved by our
definition of standard operation procedures and evaluation
protocols that improved consistency and information trans-
fer between the different surgeons of primary and revision
surgery. The surgeon, who took over the revision surgery,
could control and if necessary, treat certain “weak” retina
structures. The amount of retino/retinectomies plays the
most crucial role for the outcome of retinal redetachment
surgery with p < 10−4.

Both multiple regression analyses show a late elimination
of the constant “timing of cataract surgery.” This was evalu-
ated in detail in the following. Furthermore, we had to forgo
the constant “kind of revision” in the prospective group,
because we had to perform 100% 3-port revision surgeries
instead of simple 2-port silicone oil removals.

Because of the improved documentation, the multiple
regression analysis was repeated for further potential risk
factors (Table 6) for retinal redetachment rate in the pro-
spective group. These risk factors were not documented
properly retrospectively but should not be neglected accord-
ing to literature [49, 50].

Although fifteen instead of nine predictors were used, the
same risk factors as before remained: the combination of the

Table 3: Performance scatter depending on surgical experience.

Surgical experience
in years

Mean without
warmup

SD without
warmup

Mean with
warmup

SD with
warmup

Mean without +with
warmup

SD without +with
warmup

25 4.48 0.07 4.91 0.04 4.60 0.21

3 2.96 0.24 3.47 0.86 3.13 0.50

7 3.08 0.89 4.10 0.66 3.59 0.89

2 — — 3.79 1.11 — —

2, 3 + 7 3.01 0.54 3.83 0.74 3.42 0.76

SD: standard deviation.
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amount of retino/retinectomies with p = 0 003, the amount
of membrane peeling with p = 0 028, and the timing of cata-
ract surgery with p = 0 099 (both were eliminated late
before). It indicates that pseudophakic patients or those
being operated on the retina and cataract simultaneously less
often get a retinal redetachment compared to patients who
underwent cataract surgery during revision surgery or after-
wards. Furthermore, the prognosis of eyes with retinal
detachment surgery is better when a complete vitrectomy
with posterior vitreous detachment and epiretinal membrane
peeling is carried out, as well as ILM peeling if needed.

3.6. Influence of the Prospective Approach on Postoperative
Vision. Apart from the significant reduction of the retinal

redetachment rate to 6.80%, the prospective group also got
a significant improvement in visual acuity with p < 10−6
using Mann–Whitney U test with a probability of p
{(X|group1) < (Y|group2)} = 0.722565. Patients in the pro-
spective protocol had a better vision outcome in 72.26%,
which is important because after a successful retinal reattach-
ment, the postoperative visual function is essential for
patients. It certified that a primary reattachment is essential
for a gain in vision. The exact correlation of these two param-
eters can be found below.

To find out if similar influence factors play a role in reti-
nal redetachment as well as for postoperative vision, we
repeated the multiple regression analysis with the dependent
variable postoperative vision (Table 7).

Table 4: Multiple regression to analyse potential risk factors for retinal redetachment rate in the retrospective group.

Model
Coefficientsa

t Sig.Not standardized coefficients Standardized coefficients
B Standard deviation Beta

1

(Constant) .096 1.573 — .061 .951

Emulsification rate −.040 .097 −.042 −.412 .681

Surgical experience .059 .178 .031 .331 .741

Timing of cataract surgery .233 .196 .123 1.188 .238

Med. history/ reop. surgery −.013 .131 −.010 −.102 .919

Amount of retino/retinectomies .504 .125 .394 4.026 .000

Quality of documentation .653 .255 .264 2.556 .012

Quality of laser coagulation −.140 .144 −.095 −.973 .333

Amount of membrane peeling .097 .133 .070 .734 .465

Consistency of surgeon .128 .106 .114 1.203 .232

Kind of revision .041 .448 .009 .092 .927

9

(Constant) 1.007 .679 — 1.484 .141

Amount of retino/retinectomies .515 .115 .402 4.468 .000

Documentation .543 .223 .220 2.438 .017
aDependent variable: retinal redetachment rate.

Table 5: Multiple regression to analyse potential risk factors for retinal redetachment rate in the prospective group: in this group, all patients
got a 3-port revision surgery, so that “kind of revision” was not a predictor in this model.

Model
Coefficientsa

t Sig.Not standardized coefficients Standardized coefficients
B Standard deviation Beta

1

(Constant) 3.456 1.008 — 3.427 .001

Emulsification rate −.014 .062 −.021 −.218 .828

Surgical experience −.015 .128 −.014 −.118 .906

Timing of cataract surgery .169 .115 .165 1.474 .144

Med. history/preop. surgery −.008 .087 −.011 −.092 .927

Amount of retino/retinectomies .238 .069 .347 3.439 .001

Quality of documentation .092 .109 .086 844 .401

Quality of laser coagulation −.017 .118 −.015 −.143 .886

Amount of membrane peeling .062 .059 .105 1.054 .294

Consistency of surgeon .014 .068 .024 .205 .838

9
(Constant) 4.474 .331 — 13.524 .000

Amount of retino/retinectomies .245 .064 .356 3.831 .000
aDependent variable: retinal redetachment rate.
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The results show that besides a low P(D)VR stage (p =
0 001) and a good preoperative fovea situation (p = 0 074),
a permanent attachment of the retina (p = 0 041) leads to a
better prognosis of postoperative vision. Furthermore, the
primary and revision surgery should remain in one surgeon’s
hands (p = 0 089).

3.7. Correlations between Risk Factors in the Prospective Study
Part. After finding the most important risk factors for retinal
detachment and follow-up of vision, we looked for correla-
tions between these individual factors. In the following, the
significant correlations are listed.

3.7.1. Factors Associated with the Best Postoperative Visual
Acuity. The visual acuity is the most widely used form of
performance testing, for example, the reattachment of a for-
merly detached retina. However, it is by no means suitable
to testify actual visual quality. Therefore, a contrast vision
test is also requested in the evaluation list for checking the
quality of vision.

The detection of visual quality with the Vimetrics®
Central Vision Analyser (CVA) impressively enables the
evaluation of visual function under the conditions of a retinal
detachment with and without macular involvement, before
and after retinal reattachment surgery under mesopic and
photopic conditions. This helps to determine why the
affected person is a subject to other visual limitations than
those to which the pure visual test implies.

(1) Best Postoperative Visual Acuity/Course of Visual Devel-
opment/Retinal Attachment. A Spearman [34, 51] correlation
coefficient of rho=0.26 and a statistical significance of
p = 0 006 was found for visual acuity gain with retinal attach-
ment, and a correlation coefficient of rho= 0.29 with
p = 0 003 for retinal attachment and the best postoperative
visual acuity.

(2) Best Postoperative Visual Acuity/Preoperative Situtation/
Intraoperative Course. Foveal attachment (p = 0 006,
rho= 0.27) and a low degree of proliferation (P(D)VR
stage) were associated with better visual acuity (p =
4 × 10−4, rho= 0.35). Patients with a better postoperative
visual outcome (p = 7 × 10−6 and rho= 0.42) also showed
more vision gain during the course of the study. If the
intraoperative risk profile was low, this initial situation
also correlated with better results for the visual acuity
(p = 0 01, rho=0.23).

(3) Best Postoperative Visual Acuity/Surgeon Consistency.
“Everything in one surgeon’s hand” leads to better visual
results (p = 0 04, rho=0.20). This is not as trivial as it sounds,
because all patients are evaluated in a team of supervisors,
surgeons, and assistants.

(4) Best Postoperative Visual Acuity/Gain of Visual Acuity/
OCT. There was a highly significant correlation between the
best visual acuity and the morphometry measured with the
optical coherence tomography (OCT), (p < 10−6, rho=0.57).

Table 6: Multiple regression to analyse further potential risk factors for retinal redetachment rate in the prospective group.

Model
Coefficientsa

t Sig.Not standardized coefficients Standardized coefficients
B Standard deviation Beta

1

(constant) 4.461 .862 — 5.174 .000

Emulsification rate .006 .041 .016 .158 .875

Surgical experience .028 .082 .041 .345 .731

Med. history/preop. surgery .030 .051 .065 .581 .563

Documentation .068 .070 .103 .973 .333

Quality of laser coagulation −.003 .075 −.004 −.041 .968

Amount of membrane peeling .075 .038 .202 1.977 .051

Consistency of surgeon .016 .043 .044 .367 .715

Timing of cataract surgery .148 .070 .232 2.104 .038

P(D)VR stage .048 .058 .101 .822 .413

Preop. fovea situation .016 .042 .041 .373 .710

Amount of retino/retinectomies .107 .049 .251 2.201 .030

Number and size of retinal hole area .013 .053 .026 .243 .809

Axial length −.048 .047 −.108 −1.039 .302

Peeling at the time of revision −.286 .181 −.154 −1.581 .118

Laser coagulation at the time of revision −.266 .212 −.127 −1.255 .213

13

(Constant) 4.329 .366 — 11.830 .000

Amount of membrane peeling .078 .035 .210 2.237 .028

Timing of cataract surgery .099 .059 .155 1.667 .099

Amount of retino/retinectomies .123 .040 .289 3.091 .003
aDependent variable: retinal redetachment rate.
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Correspondingly, the visual acuity gain correlated with the
OCT result with p = 0 026 and rho=0.22.

(5) Best Postoperative Visual Acuity/Contrast Vision/Oil
Type/Retina Attachment. In principle, 5000mPa·s and
4300mPa·s silicone oils had more stability than those with
2000mPa·s. Differences were not significant, neither regard-
ing the retinal reattachment rate (p = 0 68) nor the visual
acuity (p = 0 33) or the contrast vision (p = 0 34).

(6) Best Postoperative Visual Acuity/Contrast Vision/
OCT/Fovea Attachment/Risk Profile/P(D)VR/Autofluores-
cence. Between the best visual acuity and contrast
vision, there was a highly significant correlation with
p < 10−6 and rho= 0.62. The seemingly trivial nature of this
is discussed.

Depending on the actual situation immediately before
retinal detachment surgery, an even more important
aspect emerges in that the actual visual acuity gain
is based on the operative care. There is a significant
correlation between visual acuity and contrast visual
gain (p = 0 04, rho of 0.22).

A lower intraoperative risk profile correlates with better
visual acuity (p = 0 01, rho= 0.23). A homogeneous autofluo-
rescence correlated significantly with a better postoperative
visual acuity (p = 9 × 10−6, rho=0.436) as well as the contrast

vision (p = 2 × 10−6, rho= 0.483) and a good OCT result
(p = 3 8 × 10−5, rho=0.406).

3.7.2. Factors Not in Context with Visual Acuity

(1) Increase in Contrast Vision/OCT-Assessment/Autofluo-
rescence/Perioperative Course. There was a statistically
highly significant correlation between contrast and OCT
with p = 3 × 10−6. The better the clinical contrast that the
patient developed during the course of the study, the more
homogeneous the structure of the eye with a correlation
coefficient of rho=0.465 in the last visit—with a good
receptor layer thickness without swelling or atrophy in the
OCT. If the fovea was present during primary retinal detach-
ment surgery, the contrast vision was better (p = 0 046,
rho= 0.206).

The lower the P(D)VR activity, the more favorable the
contrast vision development (p = 0 04, rho= 0.21), structural
preservation of the retina in OCT (p = 0 003, rho=0.29), and
its autofluorescence (p = 0 09, rho=0.17).

Moreover, the lower the intraoperative risk profile
(p = 0 018, rho= 0.237), the more homogeneous the
autofluorescence.

(2) Retinal Attachment/Time of Cataract Surgery. When a
correlation between cataract surgery timing and retinal

Table 7: Multiple regression to analyse essential factors for good postoperative vision in the prospective group.

Model
Coefficientsa

t Sig.Not standardized coefficients Standardized coefficients
B Standard deviation Beta

1

(Constant) .038 1.180 .032 .975

Emulsification .080 .057 .139 1.402 .165

Surgical experience –.050 .114 –.050 –.442 .660

Preop. surgery .051 .071 .076 .719 .474

Med. history in general –.155 .109 –.135 −1.420 .159

Med. eye history .044 .063 .072 .698 .487

Documentation .023 .098 .024 .235 .814

Quality of laser coagulation .091 .105 .089 .869 .387

Amount of membrane peeling .058 .054 .106 1.068 .288

Consistency of surgeon .088 .060 .167 1.452 .150

Timing of cataract surgery .164 .103 .177 1.598 .114

P(D)VR stage .228 .081 .328 2.812 .006

Preop. fovea situation .134 .059 .237 2.293 .024

Amount of retino/retinectomies .030 .069 .048 .437 .663

Number and size of retinal hole area –.094 .073 –.131 –1.287 .202

Redetachment rate .207 .150 .142 1.384 .170

Axial length .020 .068 .031 .300 .765

13

(Constant) .952 .768 — 1.240 .218

Consistency of surgeon .081 .047 .155 1.717 .089

P(D)VR stage .218 .067 .313 3.270 .001

Preop. fovea situation .095 .052 .167 1.805 .074

Redetachment rate .277 .134 .190 2.071 .041
aDependent variable: postoperative vision.
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detachment was performed, a clear trend with p = 0 06
showed that the earlier a cataract operation was performed
(preoperatively or at least during oil removal), the better
the success rate of the retinal detachment (rho= 0.188).

This verifies the results of Fisher-Freeman-Halton’s exact
contingency panel test [52], comparing the failure rate
between the preoperative pseudophakic versus phakic group;
a higher success rate among the already pseudophakic
patients with a p value with Valz and Thompson’s algorithm
of p = 0 039.

(3) Degree of Laser Coagulation/Emulsification Rate/P(D)VR
Activity. In Spearman’s rank correlation, a significantly neg-
ative correlation between laser quality (high-scale value =
high number laser spots) and emulsification rate (high-
scale value = low-emulsification rate) occurred (p = 0 03,
rho=−0.21). Additional laser was performed once oil
filled into the vitreous cavity induces a higher emulsifica-
tion tendency.

A low rate of emulsification (evaluated by blisters in the
VB, AC, or lens capsule) correlated negatively (p = 0 018,
rho=−0.24) with a more advanced P(D)VR stage. At first
glance, this confusing result will be discussed (advancement
of severity P(D)VR versus inflammatory activity and emulsi-
fication rate).

(4) Documentation/Degree of Laser Coagulation/Intraopera-
tive Risk Profile. The quality of the documentation of the
procedure and that of the laser coagulation correlate with a
p value = 0.01 and rho= 0.24. If a lot of laser spots have
been applied, it was very well documented. The diligence
of the documentation was requested by the SOP, with
laser documentation being provided in both text form
and graphically.

With a clear trend, the quality of the documentation was
improved (p = 0 059, rho=−0.186) with increasing risk pro-
file (more retino/retinectomies), such as intraoperative
insight into the severity and complication of the intervention.

(5) Intraoperative Risk Profile/Severity Degree P(D)VR/
Retinal Redetachment. There was a highly significant cor-
relation between intraoperative risk profile and severity of
the P(D)VR staging (p = 9 × 10−4, rho=0.322). This can
be explained by the membrane-induced stiffening of the
retina with the consecutive tediousness of tissue removal
(retinotomy/retinectomy). The more severe the P(D)VR
and the higher the intraoperative risk profile (p = 0 005
and rho= 0.33), the greater the risk of redetachment of
the retina (p = 0 016, rho= 0.237).

(6) Patient Age/Eye Disease/Membrane Peeling. When retinal
detachment occurred, more severe eye changes were seen in
younger patients (p = 0 017, rho=0.235), for example, in
uveitis intermedia or infectious eye inflammation (e.g.,
HIV). Also in younger patients, significantly more mem-
brane peeling (p = 0 02, rho=−0.22) was necessary.

(7) Membrane Peeling/Retina Holes. The higher the number
and extent of the retina holes in one eye (p = 0 057,

rho= 0.188), the more intense an ERM and ILM peeling
was required.

3.8. Analysis of Interactions between Silicone Oil and Eye
Tissue

3.8.1. Results of Microscopic Oil Analysis in the Laboratory. In
Deuchler et al. [52, 53], the focus was on potential connec-
tions between different types of silicone oils and their
emulsification characteristics [54–60]. As presented, the
measurements of the oils were taken with the aid of a
Bresser-Trino research field microscope (with the help of
alamedics GmbH & Co.KG, Dornstadt, Germany) showing
very different distribution densities (0–250, 250–500, 500–
750, 750–1000, and >1000 oil bubbles/cm2).

Different bubble diameters are graphically represented
here.

With the percentage distribution of the emulsification
bubbles by their diameter, it was found that the majority of
the emulsification bubbles have a diameter of only 1–10μm
(Figure 3). This greatly increases the risk that emulsification
bubbles enter the chamber angle and could potentially lead
to secondary glaucoma, justifying our decision for a 3-port
oil removal revision surgery in which the vitreous space can
be repetitively rinsed.

In the context of the subgroup analysis of completely
evaluable samples from 19 eyes, the connection between
the type and extent of emulsification and preceding anterior
segment operation or retinal preoperations before oil
removal (oil analysis) is emphasized, as well as the connec-
tion between emulsification, failure rate, and the amount of
laser coagulation not before but after filling the silicone oil
into the glass body.

3.8.2. Effect of Silicone Oil on the Lens Maturation
(Scheimpflug Examination with Pentacam®). In Deuchler
et al. [52, 53], we published important correlations between
the lens status and the success of retinal reattachment surgery
with temporary silicone oil fill.

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

1–10 11–20 21–30 31–40 41–50 51–200

Co
un

ts 
(%

)

Diameter (�휇m)

Distribution of silicone oil droplets after diameter size

Figure 3: Distribution of silicone oil droplets after diameter size, in
% with standard deviation.

15Journal of Ophthalmology



When analysing the lens transparency loss projecting
the reference body through the whole lens, the Wilcoxon
test for four age groups (group 1 (mean 69.5 years), group
2 (mean 62 years), group 3 (mean 51 years), and group 4
(mean 36 years) (p < 0 05)) proved for all except for the
younger ages with significant lens changes (p ≤ 0 05). The
strongest signs of maturation were obvious in the age
groups 2 and 3.

When analyzing the sections of the lenses separately, the
lenses in group 3 showed significant transparency changes in
all parts, and in group 2, changes in the anterior and central
part were significant (p = 0 004), but not in the posterior
part (p = 0 375). The lens sections separately analysed
showed no significant changes in the oldest group (group1),
and most pronounced changes here were found in the ante-
rior part (p = 0 094).

Obviously, the lens transparency loss plotted against age
does not show a linear function: the lens transparency loss
increases from group 4 (youngest group) through group 3
to group 2 but decreases in the oldest group 1. In Deuchler
et al. [52], the relationships between temporary silicone oil
filling and the individual lens change when performing a
PPV with temporary silicon oil filling to manage a compli-
cated retinal detachment was discussed in detail. It was
speculated that older patients (group 1) already had a rela-
tively more advanced cataract before surgery with silicone
oil instillation.

3.9. EVALP/SOP: Consequences of the Statistical Findings for
the Protocols. The current retrospective data record shows
the role of insufficiently accurate documentation of individ-
ual parameters: for example, the quality of laser coagulation
should be specified for individual segments of the retina sep-
arately. In the case of an insufficient primary response to laser
applied primarily and no proper additional laser where nec-
essary (during revision surgery or in between), redetach-
ments of the retina after silicone oil removal are likely. A
better documentation can compensate the negative effect of
the visual outcome if more than one surgeon has operated
on one eye.

The adaptation of an evaluation protocol and the
development of SOPs were a common thread throughout
the entire study [53]. It was clear from the beginning that
both would be a prerequisite for successful vitreoretinal
surgery and the treatment of complicated retinal detach-
ments. The necessary data set was immediately transferred
postoperatively to the developed evaluation sheets. For
creation of the 6-sided evaluation protocol, known param-
eters from the literature (e.g., P(D)VR stage and amount
of retinectomy) were used as well as parameters which
were significantly important in the retrospective analysis
(e.g., amount of membrane peeling and quality of laser
coagulation).

The careful creation of the initial EVALP took 3 months,
and its format was continually revised and adapted during
the study. At the end of the study, the final version was opti-
mized in correlation to the ergonomics. The EVALP was
finally revised in such a way that this form of evaluation
should take, on average, about 10 minutes to complete for

each operating unit. Therefore, it can be recommended to
the general public as a quality assessment sheet.

The SOP at the end of the study shows two major
content-related changes compared to the initial version: the
option of removing silicone oil “passively” via a 2-port access
from the eye no longer exists because of changes in the
manufacturing process. Furthermore, we have to reduce the
silicone tamponade time from 4 to 2 months.

Firstly, our analysis shows that a redetachment usually
occurs within 4 weeks after oil removal; secondly, it is still
an open question to what extend retinal damages can be pro-
voked by long standing silicone oil fill.

4. Discussion

Even if the group of eyes followed up retrospectively versus
prospectively were expected to show lots of differences,
essential baseline and demographic parameters proved to
be homogeneous: gender, distribution of the right and left
eyes, fovea involvement, efforts to laser retina or peel mem-
branes, and, last but not the least, there did not exist any
noteworthy differences regarding the staging of PVR or
PDR (=P(D)VR).

Parameters like “amount of membrane peeling” and
“revision strategy (2-port/3-port access)” had changed due
to the introduction of our SOP.

That the parameter “axial lengths” shifted more towards
a higher degree of myopia (from retrospective towards pro-
spective) underlines our improved retinal reattachments rate
because higher myopia in general is expected to have a nega-
tive impact onto the success rate.

After analyzing the subgroups with different surgical
experience, we found an improved success rate in all groups.
The most pronounced effect could be observed in the group
with intermediate experience. Obviously SOPs and EVALPS
are most effective when a surgeon has overcome starting
issues but has not reached expert levels.

The rate of complication “redetachment of the retina
after PPV with a temporary silicone oil tamponade” was
reduced from about 35% to approx. 7%.

Only the eyes, which after the final removal of silicone
oil had a permanent retinal attachment, were classified a
success and differentiated from those redetaching and/or
requiring a permanent oil fill to stabilize a partial or
complete retinal attachment.

Eyes with partially or completely redetached retinas and
those permanently filled with oil were considered to be a fail-
ure, since the patient does not experience a final morpholog-
ical or functional rehabilitation.

This result is only helpful if the cause analysis leads to
significant explanatory possibilities that allow reproducible
results for all. Since the introduction of the 3-port PPV
technology by Machemer et al. [61], this PPV procedure
has allowed to precisely remove the traction component
in the environment of a retinal hole. Meanwhile, there
are sufficient long-term observations on representative
cases [62–65].

Various authors refer to strong fluctuations in retinal
redetachment rates between <10% and >70%.
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Whoever tries to analyse the given data from other
groups and to compare it with the own outcomes usually
does not achieve a satisfactory result in the absence of SOPs
and comparable EVALPs [66].

Choudhary et al. [13] have a correspondingly low-
complication rate of just under 4% in the retrospective
analysis of their pars plana vitrectomies with silicone oil
tamponade for the management of so-called complicated
retinal detachments.

In their series, retinal redetachments occurred within 6
weeks (in our series, within 4 weeks). Are there connections
between their retrospective data collection and data in our
study? What conclusions can be drawn, if any?

The measurement parameters “anatomical reattachment
rate,” “best visual acuity,” and “intraocular pressure” appear
to be essential but cannot sufficiently explain the overall
good result.

An “aggressive approach” with vitrectomy in front of the
outer vitreous base makes a lot of sense. In advanced
P(D)VR, the need for retinotomies and retinectomies in the
outermost periphery is very likely [13, 67]. Where tractions
prevent retinal reattachment, the removal of tissue (including
retinal tissue) is inevitable in many cases.

An “as complete as possible filling” of the vitreous cavity
with silicone oil is an important issue often mentioned in
literature, but difficult to measure and hardly comparable
between different investigations. Argon laser coagulation is
also one of those obviously necessary parameters which
should have a positive effect on the outcome. In the study
by Choudhary et al. [13], this is achieved in all cases as a
360° laser coagulation. However, one question remains unan-
swered: What stage of P(D)VR did the authors have to deal
with? How extensive were the retinotomies/retinectomies
been performed?

The following statements were made: 167 of 173 (96.5%)
of the eyes were classified as anatomically successful.

The mean length of stay of the oils was 70± 48 weeks,
which is significantly higher than in our study. 21%
P(D)VR versus 79% PVR are similar to our ratios of
14.6% P(D)VR versus 85.4% PVR. The best visual acuity
[13] was 0.2 or higher in 50% of all eyes 3 months after
oil removal; in our study, there was no patient completely
blind (no light perception); 4 months after oil removal,
10% of patients had a visual acuity between light percep-
tion, and 1/50 and a quarter of the patients (26.2%) had
visual acuity between 1/50 and 0.1, one third of the
patients (34.9%) between 0.1 and 0.3, 17.5% developed
vision 0.3 to ≤0.5, and 10.7% saw better than 0.5; in more
than a quarter of our patients, no visual aids were needed
for reading (visual acuity of at least 0.3).

Chaudhary’s working group was able to remove the
oils in all cases via a 2-channel access, and postoperative
“floaters” (oil bubbles) in almost 10% of all patients
seemed tolerable and did not lead to any further com-
plications—if one disregards a potential association with
a 7.5% secondary glaucoma rate which required treat-
ment with cyclocryocoagulation. In our prospective work
(oil drainage via 3-port access including rinsing of resid-
ual oil bubbles), there was no secondary glaucoma.

Indeed, we had to flush the vitreous space at least once
after removing the main oil bubble to completely
remove satellite bubbles which are best accessible during
repeated fluid air exchange.

Although Chaudhary’s group mentions retino/retinec-
tomies as parameters which are indicated when membrane
remedies cannot be removed from the retina, the extent of
these tissue removals is not explained in detail.

Prognostic factors for the long-term reattachment of the
retina and a positive visual outcome are discussed in various
contradictory ways. In principle, Grigoropoulos et al. [68]
consider a good visual result to be possible even with
heavier pathologies and the possible need for multiple,
larger retinectomies.

A smoldering P(D)VR as well as hypotonia is prognos-
tically unfavorable factors, whereas a shorter oil tampo-
nade, the oil removal itself, small retinectomies, only few
preoperative surgical interventions, and a good visual acuity
are favorable factors as a starting point. It is important to
“limit the number/size of retinectomies, but to retinectomize
in time.”

In our group, we tried to define the requirements for
the adequate retinectomy issue as follows: in the areas
where the vitreous exerts traction in proximity to a retinal
hole, either the tractions must be completely removable or
the retinal detachments must be extended until the con-
tracted tissue is stress-free attachable to the underlying
choroid RPE complex. The success of this procedure must
not only be judged under air or heavy liquid (forced pre-
liminarily) but must also be ensured under physiological
fluid (as BSS).

A basic consideration should be as follows: to what
extent is the staging of the P(D)VR and/or its smolder-
ing activity, de facto decisive for the outcome prognosis?
We do know from extensive research carried out by the
group of Charteris: if at all, a combination of fluoroura-
cil and heparin exclusively in the early stages of P(D)VR
can (prophylactically) influence this most disastrous
event [47, 69]. Decent information which could contrib-
ute to a better understanding of this disease can probably
only be gained if the removed vitreous is systematically
examined for VEGFs and interleukins. Obvious is that the
risk for a permanent retinal detachments correlates with the
amount of retinectomies and the efforts which have to be
taken to repair the retinal detachment by removing retinal
tissue can also contribute to further proliferative vitreoreti-
nopathy activity.

De Silva et al. [70] focus on the importance of the eti-
ology of the retinal detachment and on the relevance of
the P(D)VR staging, and a 360° laser coagulation consid-
ered to be a positive predictor for the anatomical and
functional result.

We know that laser coagulation of the freshly
applied retina might not be able to be carried out in
an equally efficiently and in a low-risk manner (retinal
swelling, leakage risk) in many areas; additional coagula-
tion has eventually to be carried out in the free interval
between the first and second interventions or during
revision surgery later on.
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In De Silva’s working group [70], adequately performed
laser coagulation reduces the retinal redetachment rate from
58% to 26% after silicone oil removal.

Our results supplement these observations in regard to
the functional success rate (postoperative visual gain). Here,
the visual gain increases with the number of laser coagulation
spots. Extensive laser coagulation during the primary supply
(final silicone oil filling) has no negative effect on visual
acuity and visual quality [71, 72]. However, during revision
surgery (silicone oil removal), an additional laser coagulation
should be limited to the absolutely necessary diagnostic/ther-
apeutic need. Surgical time and effort, timing of a cataract
surgery in view of specific lens changes under silicone oil
tamponade [52, 53, 73], torsion instability of thinner
instruments, so-called flow dynamics (“fluidics”), estima-
tion of inflammation parameters in the vitreous space,
and so forth are only some of the parameters that in
the future will have to be worked up from these points
of views, especially since we have gained negative expe-
rience with preoperative, incompletely vitrectomized eyes
within the framework of this work.

Without doubt, the early entry (<4 weeks) into an eye
with persistent vitreous hemorrhages has to be preferred
due to the reduction of proliferative activities (P(D)VR);
however, the supposed “attractiveness” of smaller gauges
and the associated need for modification of the procedure
should not lead to a “small”, incomplete removal of the vitre-
ous when P(D)VR requires a meticulous procedure in the
outer vitreous periphery as well as peeling of epiretinal mem-
branes in the macula [74].

Although a “total” removal of the vitreous body cannot
be attained purely mechanically, the removal of any vitreous
which exhibits tractive effects on the retina during the inter-
vention or at the end of the procedure immediately before
the silicone oil filling has to be carried out as completely as
possible. Otherwise, it serves as a recruitment area for
P(D)VR activity processes. This should be kept in mind
when applying low-gauge instruments—although sufficient
for removal of an uncomplicated macula pucker or a macula
hole, these instruments may not be able to fulfill the require-
ments for cumbersome removal of pathologically changed
vitreous in P(D)VR.

5. Conclusions/Recommendations

Our recommendations for future approaches that we like to
sum up here are mainly based on not only the key factors dis-
cussed above but also other practical findings with effect onto
the outcome of surgery:

(i) We generally recommend using a defined treat-
ment path (SOP) and an EVALP, which should
promptly and carefully be considered by all
medical staff in attendance. The protocols pre-
pared and revised in the present analysis can
serve as a guide for other operating units.
According to our literature research, there is
no consensus about SOPs and EVALPs which
would allow to relate procedures and outcomes

of different centers to each other. Only a uniform
approach, according to SOPs and EVALPs,
make protocol controlled procedures and their
results comparable.

(ii) Preferably, in all required interventions, the service
for a patient’s eye should be provided by one and
not by different surgeons because of the ultimately
demonstrable positive effect on the development
of visual acuity. Once you apply an EVALP and
SOP, case- and situation-related exceptions from
the “one-surgeon-only-service” are conceivable.
Protocolled details about the course of disease and
surgery allow a 2nd and 3rd surgeon to improve
further steps of treatment of the same eye. Essen-
tially for the effectiveness and safety of the service
in a vitreoretinal center also should the option for
any surgeon tomakeuse of amore experienced col-
league to assist the case or even take over from the
less experienced surgeon.

(iii) Once silicone oil has been removed, the follow-
ups of the operated eye must be carefully struc-
tured during the first four weeks, including the
instructions for the patient about how to perform
self-monitoring.

(iv) If triamcinolone or ICG-assisted dusting or stain-
ing of the vitreoretinal interface demonstrates
clinical relevant pathological changes, a peeling
of the epiretinal tissue with or without peeling of
the ILM should be performed. The nature and
extent of peeling-associated retinal hemorrhages
suggest to continue peeling, starting from the vas-
cular arcades, working towards the fovea with
reduced speed.

(v) The vitreous body must be removed as carefully
and completely as possible in the outermost reti-
nal periphery of the present pathologies with tis-
sue proliferation. For this purpose, the choice of
the surgical procedure (one-handed, bimanual)
and the necessary tools (hand-held light pipe,
chandelier, and so forth) must be weighed for this
procedure as well as a decision on the status of the
eye lens. If desired, a defined amount of the triam-
cinolone typically used to detect residual vitreous
can be left in the eye as a potentially anti-
inflammatory agent.

(vi) Due to the particular challenge involved in the
treatment of proliferative vitreoretinopathies,
instruments and optics should be tailored to both
pathological lengths of the eye as well as special
requirements in the context of decreasing gauges
(instrument design, instrument stability, reduc-
tion lenses for different observation systems, light
sources, and light guides). To date, the use of 27 g
instruments should be reserved for the treatment
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of pathologies without heavy secondary response
to inflammatory activity.

(vii) The use of PFCL has to be weighed critically. In
principle, the heavy liquids and silicone oils avail-
able on the market since around 2012 come with
more emulsification side effects than those from
many years before. Without retinal cracks, the ret-
ina can also be reattached via a liquid-air drainage
without temporary PFCL instillation. If the use of
PFCL in the vitreous cavity is necessary, prefera-
bly the heavy liquid should not be filled up beyond
the equator of the eyeball, because remnants of
this substance can easily stick to the ciliary body
tissue. Of the two options, PFCL-silicone oil-
direct exchange and PFCL-via air-to-silicone oil-
exchange, the latter one should be the preferred
for a thorough removal of the PFCL.

(viii) Due to the increasing silicone oil emulsification
rate over time, we have now concluded that sili-
cone oil should be preferably removed already
after 2 months. This might also help to lower the
rate of “visual loss for unknown reasons after tem-
porary silicone oil tamponade.”With regard to the
final structural outcome, the postoperative visual
acuity, or the rate of emulsification, no recom-
mendations for a certain oil or special viscosity
can be given.

(ix) Other factors affecting the type and extent of
emulsification include the strategy of oil instilla-
tion as well as the “timing” of laser (under BSS,
air, and oil) when injecting silicone oil through
cannulas with small gauges, speed has to be
reduced to the threshold where air bubbles will
not build up, and laser, in general, should be
avoided or limited once oil is filled into the vitre-
ous cavity.

(x) It is necessary to define circumstances when the
surgeon—regardless of his experience—has to
recall his skill level in the Eyesi and/or run
through individually tailored “warmup programs”
before providing service in the operating room.
Particularly for colleagues “in-training,” a short
curriculum must be drawn up so that a preopera-
tive training on Eyesi is possible thus decreasing
the risk of causing complications.

(xi) Emulsification management including strategies
to remove “sticky oil” as well as the management
of vitreoretinal diseases in eyes with pathological
axis length should be integrated into Eyesi and
be trainable.

(xii) It has to be prospectively established when and
under which criteria the lens should be operated
on, either before or simultaneously with the pri-
mary retinal reattachment including silicone oil
instillation. As much as leaving the lens in place

can have a stabilizing effect when the eye suffers
from inflammatory diseases, the lens itself can be
“in the way” and make it difficult to allow access
to the peripheral vitreous space. When delayed,
opening the anterior lens capsule during cataract
surgery might be significantly more difficult since
after temporary silicone oil tamponade, the lens
nucleus and all layers in front of it show signifi-
cant changes. This affects particularly the middle
age groups (50–70 years).

(xiii) The current classification(s) of a P(D)VR do not
allow estimation of the actual ratios of endothe-
lial/fibrotic activities for the different stages of
P(D)VR (stages A until stages C/D). Since growth
factors (VEGFs) and inflammatory mediators
(interleukins) play an essential role in the emerg-
ing cascade of retinal detachments with P(D)VR,
a concept has to be developed to measure these.

(xiv) As long as no significantly improved silicone oil
products are offered, it will be necessary to choose
a complete 3-port PPV strategy to reliably remove
the silicone oils from the eye by repeated rinsing
procedures. A modern illumination technique
(extraocular, diaphanoscopically) could allow
such a procedure to be performed in the future,
choosing a 2-port PPV approach.

(xv) The total surface area of all retinectomies should
be kept as small as possible: enrolled edges of ret-
inal holes, necrotic tissue, and dispersed pigment
epithelial cells which have to be trimmed back,
respectively, and removed from the globe as com-
plete as possible (reduction of PVR potential).

(xvi) To evaluate the postoperative success, vision qual-
ity assessment tests that provide information for
vision under various conditions (e.g., contrast
and glare), visual acuity measurements, and
OCT documentation of structural changes should
be assigned to reflect subjective vision and give a
more reliable prognosis for final visual outcome.

(xvii) Less experienced surgeons typically show signifi-
cant performance fluctuations and benefit most
from improved operational documentation and
standardized procedures.

(xviii) Only a uniform approach, according to SOPs and
EVALPs, makes protocol-controlled procedures
and their results comparable.

Abbreviations

AC: Anterior chamber
AHFG: Anterior hyaloid fibrovascular proliferation
ERM: Epiretinal membrane
EVALP: Evaluation protocol
EVRS: European Vitreoretinal Society
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Eyesi: Eye simulator (manufactured by VRmagic
company)

f/u: Follow-up
g: Gauge
GRT: Great retinal tears
ILM: Inner limiting membrane
mPa·s: Millipascal seconds
med.: Medical
P(D)VR: Proliferative (diabetic) vitreoretinopathy
PFCL: Perfluorocarbon liquids
PPV: Pars plana vitrectomy
PVD: Posterior vitreous detachment
SLP: Scheimpflug lens photography
SO: Silicone oil
SOT: Silicone oil tamponade
SOP: Standard operation procedure
TRD: Tractional retinal detachment
VB: Vitreous body.

Conflicts of Interest

Svenja Deuchler, Hanns Ackermann, Pankaj Singh, Thomas
Kohnen, and Frank Koch have no conflict of interests
regarding the publication of this paper. Clemens Wagner is
employed by VRmagic company, Mannheim, Germany.

Acknowledgments

The Adolf Messer Foundation, Königstein, Germany,
supports the research group.

References

[1] A. G. Casswell and Z. J. Gregor, “Silicone oil removal. II: oper-
ative and postoperative complications,” The British Journal of
Ophthalmology, vol. 71, pp. 898–902, 1987.

[2] J. L. Federman and H. D. Schubert, “Complications associated
with the use of silicone oil in 150 eyes after retina-vitreous
surgery,” Ophthalmology, vol. 95, pp. 870–876, 1988.

[3] The Silicone Study Group, “Vitrectomy with silicone oil or
sulfur hexafluoride gas in eyes with severe proliferative
vitreoretinopathyt: results of a randomized clinical trail,”
Archives of Ophthalmology, vol. 110, pp. 770–779, 1992.

[4] H. Hoerauf, J. Roider, S. Bopp, K. Lucke, and H. Laqua, “Endo-
tamponade with silicon oil in severe proliferative retinopathy
with attached retina,” Ophthalmology, vol. 92, pp. 657–662,
1995.

[5] G. W. Abrams, S. P. Azen, B. W. McCuen II, H. W. Flynn Jr.,
M. Y. Lai, and S. J. Ryan, “Vitrectomy with silicone oil or long
acting gas in eyes with severe PVR: results of additional and
long-term follow-up. Silicone study report 11,” Archives of
Ophthalmology, vol. 115, pp. 335–344, 1997.

[6] S. P. Azen, I. U. Scott, H. W. Flynn et al., “Silicone oil in the
repair of complex retinal detachments. A prospective observa-
tional multicenter study,” Ophthalmology, vol. 105, no. 9,
pp. 1587–1597, 1998.

[7] J. B. Jonas, W. M. Budde, and S. Panda-Jonas, “Cataract
surgery combined with transpupillary silicone oil removal
through planned posterior capsulotomy,” Ophthalmology,
vol. 105, pp. 1234–1238, 1998.

[8] J. B. Jonas, H. L. Knorr, R. M. Rank, andW.M. Budde, “Retinal
redetachment after removal of intraocular silicone oil tampo-
nade,” The British Journal of Ophthalmology, vol. 85,
pp. 1203–1207, 2001.

[9] C. I. Falkner, S. Binder, and A. Kruger, “Outcome after silicone
oil removal,” The British Journal of Ophthalmology, vol. 85,
pp. 1324–1327, 2001.

[10] D. A. Laidlaw, N. Karia, C. Bunce, G. W. Aylward, and Z. J.
Gregor, “Is prophylactic 360-degree laser retinopexy protec-
tive? Risk factors for retinal redetachment after removal of
silicone oil,” Ophthalmology, vol. 109, pp. 153–158, 2002.

[11] F. Goezinne, E. C. La Heij, T. T. Berendschot, A. T. Liem, and
F. Hendrikse, “Risk factors for redetachment and worse visual
outcome after silicone oil removal in eyes with complicated
retinal detachment,” European Journal of Ophthalmology,
vol. 17, pp. 627–637, 2007.

[12] E. N. Herbert and T. H. Williamson, “Combined removal
of silicone oil plus internal search (ROSO-plus) following
retinal detachment surgery,” Eye, vol. 21, pp. 925–929,
2007.

[13] M. M. Choudhary, M. U. Saeed, and A. Ali, “Removal of
silicone oil: prognostic factors and incidence of retinal rede-
tachment,” Retina, vol. 32, pp. 2034–2038, 2012.

[14] N. Unlue, H. Kocaoglan, M. A. Acar, M. Sargin, B. S. Aslan,
and S. Duman, “Outcome of complex retinal detachment sur-
gery after silicone oil removal,” International Ophthalmology,
vol. 25, pp. 33–36, 2004.

[15] H. Lewis, T. M. Aaberg, and G. W. Abrams, “Causes of failure
after initial vitreoretinal surgery for severe proliferative
vitreoretinopathy,” American Journal of Ophthalmology,
vol. 111, pp. 8–14, 1991.

[16] R. F. Lam, B. T. Cheung, C. Y. Yuen, D. Wong, D. S. Lam,
and W. W. Lai, “Retinal redetachment after silicone oil
removal in proliferative vitreoretinopathy: a prognostic fac-
tor analysis,” American Journal of Ophthalmology, vol. 145,
pp. 527–533, 2008.

[17] The Retina Society Terminology Commitee, “The classifica-
tion of retinal detachment with proliferative vitreoretinopa-
thy,” Ophthalmology, vol. 90, pp. 121–125, 1983.

[18] R. Machemer, T. M. Aaberg, H. M. Freeman, A. R.
Irvine, J. S. Lean, and R. M. Michels, “An updated classi-
fication of retinal detachment with proliferative vitreoreti-
nopathy,” American Journal of Ophthalmology, vol. 112,
pp. 159–165, 1991.

[19] P. Kroll, E. B. Rodrigues, and S. Hoerle, “Pathogenesis and
classification of proliferative diabetic vitreoretinopathy,”
Ophthalmologica, vol. 221, pp. 78–94, 2007.

[20] D. J. De Silva, A. Kwan, C. Bunce, and J. Bainbridge, “Predict-
ing visual outcome following retinectomy for retinal detach-
ment,” The British Journal of Ophthalmology, vol. 92,
pp. 954–958, 2008.

[21] F. Jiang, M. Krause, K. W. Ruprecht, and K. Hille, “Risk factors
for anatomical success and visual outcome in patients under-
going silicone oil removal,” European Journal of Ophthalmol-
ogy, vol. 12, pp. 293–298, 2002.

[22] F. Jiang, M. Krause, K. Ruprecht, and K. Hille, “Management
and results of retinal detachment after silicone oil removal,”
Ophthalmologica, vol. 216, pp. 341–345, 2002.

[23] C. H. Kon, R. H. Asaria, N. L. Occleston, P. T. Khaw, and
G. W. Aylward, “Risk factors for proliferative vitreoretino-
pathy after primary vitrectomy: a prospective study,” The

20 Journal of Ophthalmology



British Journal of Ophthalmology, vol. 84, no. 5, pp. 506–
511, 2000.

[24] E. Rodríguez de la Rúa, V. Martínez, J. Aragón et al., “Clinical
risk factors for postoperative proliferative vitreoretinopathy
(PVR). A prospective study,” Archivos de la Sociedad Española
de Oftalmología, vol. 78, pp. 91–97, 2003.

[25] R. A. Adelman, A. J. Parnes, Z. Michalewska, D. Ducournau,
and European Vitreo-Retinal Society [EVRS] Retinal Detach-
ment Study Group, “Clinical variables associated with failure
of retinal detachment repair: the European Vitreo-Retinal
Society retinal detachment study report number,” Ophthal-
mology, vol. 121, pp. 1715–1719, 2014.

[26] S. Pavlovic, B. Dick, K. G. Schmidt, Z. Tomic, and S. Latinovic,
“Long-term outcome after silicone oil removal,” Ophthalmol-
ogy, vol. 92, pp. 672–676, 1995.

[27] B. Gupta, R. Wong, S. Sivaprasad, and T. H. Williamson,
“Surgical and visual outcome following 20-gauge vitrectomy
in proliferative diabetic retinopathy over a 10-year period, evi-
dence for change in practice,” Eye, vol. 26, pp. 576–582, 2012.

[28] T. A. Rice and R. G. Michels, “Long-term anatomic and func-
tional results for diabetic vitrectomy,” American Journal of
Ophthalmology, vol. 90, pp. 297–303, 1980.

[29] T. C. Burton, “Recovery of visual acuity after retinal detach-
ment involving the macula,” Transactions of the American
Ophthalmological Society, vol. 80, pp. 475–497, 1982, Review.

[30] C. J. Flaxel, S. M. Mitchell, and W. Aylward, “Visual outcome
after silicone oil removal and recurrent retinal detachment
repair,” Eye, vol. 14, pp. 834–838, 2000.

[31] J. N. Hajari, U. Christensen, J. F. Kiilgaard, T. Bek, and M. la
Cour, “Reoperation for rhegmatogenous retinal detachment
as quality indicator for disease management: a register study,”
Acta Ophthalmologica, 2015.

[32] H. Ackermann, Grundlagen der medizinischen Biometrie,
Epsilon Verlag, 5. Auflage, 2006.

[33] S. Stowell, Using R for Statistics, Apress, New York, 2014.

[34] C. Spearman, “The proof and measurement of association
between two things,” The American Journal of Psychology,
vol. 15, pp. 72–101, 1904.

[35] H. Cramér, Mathematical Methods of Statistics, Princeton
Univ Press, 1946.

[36] P. Armitage and G. Berry, Stat. Methods in Medical Research,
Blackwell, 1988.

[37] S. Lemeshow, D. W. Hosmer Jr, and J. Klar, “Sample size
requirements for studies estimating odds ratios or relative
risks,” Statistics in Medicine, vol. 7, pp. 759–764, 1988.

[38] R. Rosenthal, Meta-Analytic Procedures for Social Research,
Sage Publ, 1991.

[39] J. D. Evans, Straightforward Statistics for the Behavioral
Sciences, Brooks/Cole Publishing, Pacific Grove, Calif, 1996.

[40] M. Hollander and D. A. Wolfe, Nonparametric Statistical
Methods, Wiley, NY, 1999.

[41] L. Sachs, Angewandte Statistik, Kap. 394. 11, Auflage Springer,
2003.

[42] E. Herrmann, M. Ahmed, M. Shahrashoub, A. Orth, and
H. Ackermann, Assessing Approximative Algorithms for
Calculating Spearman’s Rank Correlation Coefficient for
Moderate Sample Size in the Case of Ties, DAGStat
Dortmund März, 2010.

[43] B. Rasch, M. Friese, W. Hofmann, and E. Naumann,Quantita-
tive Methoden, Springer-Verlag, Heidelberg, 2010.

[44] P. C. D. Johnson, “Extension of Nakagawa & Schielzeth’s R2

GLMM to random slopes models,” Methods in Ecology and
Evolution, vol. 5, pp. 944–946, 2014.

[45] J. Cohen, Statistical Power Analysis for the Behavioral Sciences
T-Test, 1988.

[46] D. G. Charteris, C. S. Sethi, G. P. Lewis, and S. K. Fisher,
“Proliferative vitreoretinopathy—developments in adjunctive
treatment and retinal pathology,” Eye, vol. 16, pp. 369–374,
2002.

[47] S. Charles, J. Calzada, and B. Wood, Vitreous Microsurgery,
Wolters Kluwer Health/Lippincott Williams & Wilkins,
Philadelphia, 2010.

[48] S. Deuchler, C. Wagner, P. Singh et al., “Clinical efficacy of
simulated vitreoretinal surgery to prepare surgeons for the
upcoming intervention in the operating room,” PloS One,
vol. 11, article e0150690, 2016.

[49] N. Duquesne, M. Bonnet, and P. Adeleine, “Preoperative
vitreous hemorrhage associated with rhegmatogenous reti-
nal detachment: a risk factor for postoperative prolifera-
tive vitreoretinopathy?” Graefe’s Archive for Clinical and
Experimental Ophthalmology, vol. 234, no. 11, pp. 677–
682, 1996.

[50] M. Reibaldi, A. Russo, A. Longo et al., “Rhegmatogenous reti-
nal detachment with a high risk of proliferative vitreoretinopa-
thy treated with episcleral surgery and an intravitreal
dexamethasone 0.7-mg implant,” Case Reports in Ophthalmol-
ogy, vol. 4, pp. 79–83, 2013.

[51] P. D. Valz and M. E. Thompson, “Exact inference for
Kendal’s s and Spearman’s rho with extensions to Fisher’s
exact test in r×c contingency tables,” Journal of Computa-
tional and Graphical Statistics, vol. 3, pp. 459–472, 1994.

[52] S. Deuchler, P. Singh, M. Müller et al., “Dealings between
cataract and retinal reattachment surgery in PVR,” Journal of
Ophthalmology, vol. 2016, Article ID 2384312, 9 pages, 2016.

[53] S. Deuchler, Establishing Treatment Pathways and Success
Criteria for the Vitreoretinal Service: Pars Plana Vitrectomy
with Preliminary Silicone oil Fill, [MD Thesis], 2017.

[54] P. A. Cibis, B. Becker, E. Okun, and S. Canaan, “The use of
liquid silicone in retinal detachment surgery,” Archives of
Ophthalmology, vol. 68, pp. 590–599, 1962.

[55] H. P. Heidenkummer, A. Kampik, and S. Thierfelder, “Exper-
imental studies of the so-called emulsification behavior of sili-
cone oil: effect of viscosity,” Fortschritte der Ophthalmologie,
vol. 87, pp. 226–228, 1990.

[56] T. R. Friberg, T. C. Verstraeten, and D. K. Wilcox,
“Effects of emulsification, purity, and fluorination of
silicone oil on human retinal pigment epithelial cells,”
Investigative Ophthalmology & Visual Science, vol. 32,
pp. 2030–2034, 1991.

[57] N. Savion, A. Alhalel, G. Treister, and E. Bartov, “Role of blood
components in ocular silicone oil emulsification. Studies on an
in vitro model,” Investigative Ophthalmology & Visual Science,
vol. 37, pp. 2694–2699, 1996.

[58] H. Hoerauf and H. Laqua, “Severe emulsification after com-
bined use of a partially fluorinated alkane and silicone oil,”
Graefe's Archive for Clinical and Experimental Ophthalmology,
vol. 240, pp. 131–136, 2002.

[59] J. H. Dresp and D. H. Menz, “Preparation and processing
of vitreoretinal instrumentation and equipment as a risk
factor for silicone oil emulsification,” Retina, vol. 24,
pp. 110–115, 2004.

21Journal of Ophthalmology



[60] J. H. Dresp and D. H. Menz, “Interaction of different ocular
endotamponades as a risk factor for silicone oil emulsifica-
tion,” Retina, vol. 25, pp. 902–910, 2005.

[61] R. Machemer, H. Buettner, E. W. Norton, and J. M. Parel,
“Vitrectomy: a pars plana approach,” Transactions-American
Academy of Ophthalmology and Otolaryngology, vol. 75,
pp. 813–820, 1971.

[62] E. Okun, “Intravitreal surgery utilizing liquified silicone:
a long-term follow-up,” Transactions of the Pacific Coast
Oto-Ophthalmological Society Annual Meeting, vol. 49,
p. 141, 1968.

[63] K. H. Lucke, M. H. Foerster, and H. Laqua, “Long-term results
of vitrectomy and silicone oil in 500 cases of complicated
retinal detachments,” American Journal of Ophthalmology,
vol. 104, pp. 624–633, 1987.

[64] K. G. Riedel, V. P. Gabel, L. Neubauer, A. Kampik, and O. E.
Lund, “Intravitreal silicone oil injection: complications and
treatment of 415 consecutive patiens,” Graefe's Archive for
Clinical and Experimental Ophthalmology, vol. 228, pp. 19–
23, 1990.

[65] S. G. Schwartz, H. W. Flynn Jr, W. H. Lee, and X. Wang,
“Tamponade in surgery for retinal detachment associated
with proliferative vitreoretinopathy,” Cochrane Database of
Systematic Reviews, no. 2, article CD006126, 2014.

[66] H. Heimann, X. Zou, C. Jandeck et al., “Primary vitrectomy for
rhegmatogenous retinal detachment: an analysis of 512 cases,”
Graefe's Archive for Clinical and Experimental Ophthalmology,
vol. 244, pp. 69–78, 2006.

[67] N. Wilson-Holt and Z. Gregor, “Spontaneous relieving
retinotomies in diabetic siliconefilled eyes,” Eye, vol. 6,
pp. 161–164, 1992.

[68] V. G. Grigoropoulos, S. Venson, C. VUnce, and D. G. Charteris,
“Functional outcome and prognostic factors in 304 eyes
managed by retinectomy,” Graefe's Archive for Clinical and
Experimental Ophthalmology, vol. 245, pp. 641–649, 2007.

[69] R. H. Asaria, C. H. Kon, C. Bunce et al., “How to predict
proliferative vitreoretinopathy: a prospective study,” Ophthal-
mology, vol. 108, pp. 1184–1186, 2001.

[70] D. J. De Silva, K. S. Lim, and W. E. Schulenburg, “An
experimental study on the effect of encircling band proce-
dure on silicone oil emulsification,” The British Journal of
Ophthalmology, vol. 89, pp. 1348–1350, 2005.

[71] U. C. Christensen and M. La Cour, “Visual loss after use of
intraocular silicone oil associated with thinning of inner reti-
nal layers,” Acta Ophthalmologica, vol. 90, pp. 733–737, 2012.

[72] R. Moya, A. Chandra, P. J. Banerjee, D. Tsouris, N. Ahmad,
and D. G. Charteris, “The inci-dence of unexplained visual loss
following removal of silicone oil,” Eye [Lond], vol. 29,
pp. 1477–1482, 2015.

[73] F. H. Koch, A. Cusumano, P. Seifert, M. Mougharbel, and
A. J. Augustin, “Ultrastructure of the anterior lens capsule
after vitrectomy with silicone oil injection. Correlation of
clinical and morphological features,” Documenta Ophthal-
mologica, vol. 91, pp. 233–242, 1996.

[74] R. Klöti, “Vitrektomie—grundsätzliche Aspekte,” Klinische
Monatsblätter für Augenheilkunde, vol. 178, pp. 306–309,
1981, CrossRef.

22 Journal of Ophthalmology



Submit your manuscripts at
https://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


