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Pars plana vitrectomy versus three intravitreal injections of bevacizumab
for nontractional diabetic macular edema. A prospective, randomized

comparative study

Seemant Raizada'? Jamal Al Kandari?, Fahad Al Diab’, Khalid Al Sabah’, Niranjan Kumar',

Sebastian Mathew'

Background: The aim of this study was to compare the effectiveness of pars plana vitrectomy (PPV) and
removal of the internal limiting membrane (ILM) with three, monthly, intravitreal bevacizumab (IVB)
injections for refractory diabetic macular edema. Materials and Methods: This was a prospective,
randomized, comparative, interventional study. Forty-four patients were enrolled and randomized
in two groups. Twenty-two eyes enrolled in Group I received three IVB injections at monthly interval.
Twenty-two eyes were enrolled in Group II which underwent PPV with ILM removal. The primary
outcomes measured were: (1) Best corrected logMAR visual acuity (BCVA) using Snellen’s visual
acuity chart. (2) Central macular thickness (CMT) on optical coherence tomography. The secondary
outcome measures were: Complication rates like (1) progression of lens opacities, (2) high intraocular
pressure needing further treatment/procedure, (3) development of vitreous hemorrhage related to the
procedure employed, (4) retinal detachment and (5) severe inflammation/endophthalmitis. Results: In
Group I (IVB): 3 (13.6%) eyes showed no change in BCVA; 3 (13.6%) eyes reported decrease in BCVA and
16 (72.8%) eyes showed improvement in BCVA; (P = 0.0181). In Group II (PPV): 4 (18.2%) eyes showed
no change in BCVA; 5 (22.7%) eyes showed decrease and 13 (59.1%) eyes showed improvement in
BCVA (P = 0.0281). Mean decrease in CMT in IVB group was 108.45 u, whereas mean decrease in CMT in
PPV group was 161.36 u. No major complications were seen in either group. Conclusion: Posttreatment
decrease in CMT was more in PPV group and vision improvement more in IVB group. However, no
statistically significant difference between the two methods was found.
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refractory diabetic macular edema

Diabetic macular edema (DME) is a major cause of visual
morbidity in diabetic patients. In the early treatment diabetic
retinopathy study (ETDRS) study, laser photocoagulation
reduced the risk of moderate visual acuity loss for all eyes
with DME by approximately 50%.*% Since the results of the
ETDRS, macular laser photocoagulation had been the mainstay
of treatment for DME although visual outcomes were not
satisfactory.!

Recently, many authors have stressed on the important role
vascular endothelial growth factor (VEGF) plays in promoting
vascular permeability and accumulation of intracellular and
extracellular fluid by disrupting the intercellular tight junctions
normally present between retinal endothelial cells.*”! Several
anti-VEGF agents are being tried and used for treatment of
refractory DME. Ranibizumab (Lucentis®, Genentech, Inc.,
South San Francisco, CA, USA) is a recombinant, humanized
antibody fragment that binds all isoforms of VEGF, whereas
bevacizumab (Avastin®, Genentech, Inc., South San Francisco,
CA) is a recombinant, full-length, humanized antibody that also
binds all VEGF isoforms. Lucentis is recently Food and Drug
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Administration-approved for DME while Avastin is used on an
off-label basis for DME because of cost benefit. Several studies
have documented the beneficial effect of anti VEGF intravitreal
injections.®! Advantages of pharmacological intervention are
speed and ease of procedure and early benefit to the patient.
The major drawback of anti-VEGF injections is its short term
effect leading to multiple injections.

Another mode of treatment resorted to in refractory DME
is pars plana vitrectomy (PPV). Several retrospective studies
showed that vitrectomy leads to a reduction of central macular
thickness (CMT) in most cases and improvement of visual
acuity in 43-69% of study eyes.[*1#]

In the present study, our aim was to evaluate both the
treatment methods (PPV vs. three intravitreal injections of
anti-VEGF agent) as standalone procedure and to compare the
final results in both the groups to ascertain if any one treatment
method is superior to other in improving visual acuity and
resolving CMT in patients with refractory nontractional DME.

Materials and Methods

This was a prospective, interventional, comparative study in
which patients were randomized into two groups. Patients
who met the eligibility criteria and agreed to participate in
the study were randomized either to receive three intravitreal
injections of bevacizumab (IVB) or to undergo PPV. Treatment
allocation for each patient was determined by the opening of
a sealed envelope. The randomization sequence was on a 1:1
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basis in blocks of an unknown and variable size. Only 1 patient
was lost from the study after randomization (but before
treatment protocol could be started). This patient was listed
for PPV but did not turn up for surgery due to acute cardiac
ailment. All the patients enrolled in the study were explained
the procedures employed in detail and an informed consent
was obtained from them. Ethical approval was obtained from
the Institutional Review Board. The study has been conducted
in accordance with the ethical standards laid down in the 1964
declaration of Helsinki. Forty-four patients were registered in
the study and were randomized into two groups. All patients
underwent complete eye examination along with pretreatment
fluorescein angiography and spectral domain optical coherence
tomography (OCT) (Topcon three-dimensional OCT 2000;
Topcon Medical Systems, Inc., Oakland, NJ, USA). The
following inclusion criteria were applied: (1) A confirmed
diagnosis of diabetes mellitus, (2) clinical and angiographic
evidence of DME refractory to laser photocoagulation (last
laser session at least 3 months before being enrolled). Patients
were excluded on the basis of the following: (1) Co-existing
eye disease liable to affect visual outcome, (including
axial or capsular lens opacity, glaucoma, amblyopia and
nondiabetic macular disease), (2) ischaemic maculopathy
evident on fluorescein angiography (3) active proliferative
diabetic retinopathy, (4) vitreous hemorrhage, (5) vitreo
macular traction (VMT) syndrome evident on biomicroscopic
examination and OCT, (6) history of receiving laser or
intravitreal injection of any anti-VEGF agent or steroids within
last 3 months.

All eyes in the bevacizumab group (Group I) underwent three
injections of 1.25 mg/0.05 ml bevacizumab (Avastin®; Genentech,
Inc., South San Francisco, CA) given on day 1, day 30 and day 60.
The PPV group (Group II) underwent standard 23 gauge three
port PPV with induction of a posterior vitreous detachment
followed by 0.5 mg/ml indocyanine green (ICG) (IC-Green™
Akorn, Inc., USA) assisted internal limiting membrane (ILM)
peeling. The extent of ILM peeling was approximately in
an area of about two disk diameter centered at the fovea.
The primary outcomes measured were: (1) Best-corrected
logMAR visual acuity (BCVA) using Snellen’s Visual acuity
chart. (2) CMT on OCT. The secondary outcome measures
were: Complication rates like (1) progression of lens opacities,
(2) high intraocular pressure (IOP) needing further treatment/
procedure, (3) development of vitreous hemorrhage related to
the procedure employed, (4) retinal detachment and (5) severe
inflammation/endophthalmitis. BCVA and CMT were analyzed
on day 30, day 60, day 90 and day 120. The final analyses were
done taking the preoperative BCVA and CMT and comparing
it with the BCVA and CMT at day 120; which corresponded to
60 days after the third (last) bevacizumab injection.

Statistical analysis

The BCVA was converted to logMAR units for statistical
purposes. Data were expressed as mean + standard deviation,
as a percentage of patients with the characteristic, or as
means (95% confidence interval [CI]). P <0.05 were considered
statistically significant. Statistical analysis was performed using
SPSS 19.0 (SPSS®, Chicago, IL, USA).

Results

Forty-four patients were enrolled and randomized into
two groups in this study. Twenty-two eyes of 22 patients were

enrolled in Group I and received three intravitreal injection of
bevacizumab. Twenty-two eyes of 22 patients were enrolled in
Group Il in which all eyes underwent PPV and ICG enhanced
ILM peeling. Table 1 describes the baseline characteristics
of the all the patients. All eyes enrolled in the study had
clinically significant macular edema (CSME). In Group I (PPV
group); 8 eyes (36.4%) had moderate nonproliferative diabetic
retinopathy (NPDR), whereas 14 eyes (63.6%) had severe
NPDR. In Group II (IVB group); 6 eyes (27.3%) had moderate
NPDR, whereas 16 eyes (72.7%) had severe NPDR. Table 2
enumerates the change in BCVA and CMT in Group I, after
three IVB injection. Both were taken into account after 120 days
which corresponded to 60 days after last (third) injection. Out
of 22 eyes in Group I, 16 (72.8%) eyes showed improvement
in vision; 3 (13.6%) showed no change and 3 (13.6%) eyes
reported decrease in vision. Improvement in vision after
IVB was statistically significant (P = 0.0181).When CMT was
analyzed it was noted that all 22 (100%) eyes showed decrease
when compared with the preinjection status. Decrease in CMT
postinjection was statistically significant (P < 0.0001). Table 3
gives the detail of pre- and post-procedure vision and CMT
in Group II. Both vision and CMT were taken into account
after 120 days of PPV. Out of 22 eyes in this group: 13 (59.1%)
eyes showed improvement in vision, 4 (18.2%) eyes showed
no change from the preoperative status and 5 (22.7%) eyes
showed decrease in BCVA when compared with preoperative
visual status. Improvement in vision after PPV was statistically
significant (P = 0.028).

When we compare the difference between pre- and
postoperative CMT after PPV and ILM peel it was observed
that all the 22 (100%) eyes showed decrease in CMT
postoperatively. Decrease in CMT postsurgery was statistically
significant (P < 0.0001). Table 4 calculates Group statistics
showing the relationship between the two methods (PPV vs.
IVB). Table 4a shows the comparative group statistics for vision
in both treatment groups and Table 4b shows comparative
group statistics for CMT in both treatment groups. The mean
of vision difference in IVB Group between pretreatment levels
from posttreatment level was 0.203 (95% CI: 0.0364-0.369). The
mean of vision difference in PPV group between pretreatment
levels from posttreatment level was 0.189 (95% CI: 0.0210-0.356).
The mean of CMT in pretreatment minus posttreatment eyes
equals 108.46 in IVB group (95% CI: 62.20-154.71). In PPV
group; the mean of CMT in pretreatment minus posttreatment
equals 161.37 (95% CI: 03.28-219.45).

Asis evident from the data presented; the group difference
in CMT between the eyes after treatment in both the groups is
52.91 u, which looks substantial but on calculation is not found

Table 1: Baseline characteristics of the cases enrolled in
the study

Group | Group Il P
(PPV) (bevacizumab)
Age (years) 54+4.33 53.8+5.57 0.894
HbA1C 9.4+0.97 9.9+1.37 0.169
Baseline BCVA (logMAR)  0.871+0.273 0.894+0.303 0.792
Baseline CMT (u) 410.18+127.16  432.77+86.04 0.439
Follow-up (months) 5.36+1.60 5.81+1.46 0.335

PPV: Pars plana vitrectomy, CMT: Central macular thickness, BCVA: Best
corrected logMAR visual acuity, HbA1C: Hemoglobin A1c
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Table 2: Vision and CMT in Group | (bevacizumab group)

Case Preoperative BCVA Preoperative OCT Postoperative BCVA Postoperative OCT
1 0.477 284 0.602 270
2 1.301 330 0.602 267
3 1.0 368 0.698 288
4 1.301 400 1.176 245
5 1.176 346 1.0 331
6 0.698 411 1.0 399
7 1.176 567 1.176 300
8 0.602 497 0.544 335
9 0.544 466 0.544 358
10 0.602 495 0.477 307
11 1.0 390 0.698 329
12 0.698 432 0.544 347
13 1.301 509 0.698 300
14 0.602 524 0.301 267
15 1.176 483 0.544 309
16 0.544 472 0.301 289
17 0.602 577 0.698 500
18 0.698 513 0.602 486
19 1.0 464 0.698 345
20 1.176 335 0.602 309
21 0.698 369 0.698 293
22 1.301 289 1.0 261
(mean) (0.849) (432.7) (0.691) (324.3)

CMT: Central macular thickness, BCVA: Best corrected logMAR visual acuity, OCT: Optical coherence tomography

Table 3: Vision and CMT in Group Il (vitrectomy group)

Case Preoperative BCVA Preoperative OCT Postoperative BCVA Postoperative OCT
1 1.0 508 0.544 276
2 1.301 623 0.698 314
3 0.698 566 0.698 227
4 1.176 496 0.602 295
5 1.0 457 1.0 328
6 1.301 685 0.544 258
7 1.176 414 1.176 227
8 0.602 285 0.301 190
9 0.698 305 0.544 208
10 0.477 284 0.544 197
11 1.0 334 0.301 204
12 0.602 274 0.477 227
13 0.698 260 1.0 183
14 0.544 338 0.477 231
15 0.698 411 1.0 284
16 1.0 365 0.602 211
17 1.176 348 1.301 276
18 0.698 295 0.602 198
19 1.0 364 1.0 312
20 1.176 648 0.602 297
21 0.544 406 0.698 288
22 0.602 358 0.301 243
(mean) (0.871) (410.1) (0.682) (248.8)

CMT: Central macular thickness, BCVA: Best corrected logMAR visual acuity, OCT: Optical coherence tomography
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Table 4a: Comparative group statistics for vision
Vision Method n Mean SD t Significant (two-tailed) df
Difference in posttest minus pretest Bevacizumab (group 1) 22 -0.20 0.26 0.164 0.871 42
PPV (group II) 22 -0.19 0.32
PPV: Pars plana vitrectomy, SD: Standard deviation
Table 4b: Comparative group statistics for CMT
CMT Method n Mean SD t Significant (two-tailed) df
Difference in posttest minus pretest Bevacizumab (group I) 22 108.45 79.64 1.87 0.068 42
PPV (group ) 22 161.36 105.94

PPV: Pars plana vitrectomy, CMT: Central macular thickness, SD: Standard deviation

to be statistically significant. The secondary outcome measured
were; progression of lens opacities, high IOP needing further
treatment/procedure, development of vitreous hemorrhage
related to the procedure employed, retinal detachment, and
severe inflammation/endophthalmitis. In our series 16 (72.7%)
eyes in Group II (PPV) were already pseudophakic and the
rest did not show any significant increase in cataract after
4 months of PPV. In 7 (31.8%) eyes peripheral breaks were
observed during induction of posterior vitreous detachment in
PPV group. Gas tamponade was used in these cases. No other
complications like high IOP requiring a further procedure,
vitreous hemorrhage, retinal detachment or endophthalmitis
was observed in either group.

Discussion

Refractory nontractional DME is a difficult condition to treat
and several treatment modalities are used in its management.
Though there are reports which suggest that the use of
bevacizumab in patients with center-involving CSME without
advanced macular ischemia is superior to laser,” but not much
evidence is available comparing IVB to PPV. In present study
we compared three IVB injections with PPV. Intravitreal Anti
VEGEF agents are reported to be beneficial in DME, but there
is no agreement on how many injections should be given and
when the treatment should be stopped or re-instated. Several
dosage schedules have been described in literature. Recently,
the effect of IVB on DME was evaluated retrospectively in
78 eyes of 64 patients.® This treatment resulted in stability
or improvement of visual acuity, OCT, and fluorescein
angiography at 6 months. A second injection was required in
20% and a third injection was needed in 8% of eyes.™ In some
other prospective randomized placebo-controlled studies,
three consecutive injections of bevacizumab were found to be
beneficial in refractory macular edema."""® It was reported
that, 3 monthly bevacizumab injections can be used for chronic
DME regardless of BCVA, CMT, or foveal avascular zone
dimensions, especially in cases with milder retinopathies.??!
In the present study, we used 1.25 mg/0.05 ml bevacizumab
and gave three, monthly injections. Considering the severity
of DME and in the attempt to maximize the potential effect
of bevacizumab, we decided to perform three consecutive
injections as a loading dose in our treatment strategy. Only
4 eyes included in the study received anti VEGF injections
previously. All 4 eyes received only one anti-VEGF injection.
They got this injection elsewhere (not in our hospital) and that
also more than 3 months before being enrolled in the study. In

the present study, our aim was to evaluate PPV versus three
intravitreal injections of bevacizumab. We wanted to assess
the final vision and CMT after three IVB at a point when
both the parameters stabilize. We know by published reports
in literature that it takes 4-6 weeks for the eye to stabilize
after IVB.I'l Final assessment after 1-month of last injection
seemed a bit early for final assessment; so 2 months after last
injection (corresponding to 4 months after start of study period)
was taken as an end point in both the groups in our study.
When we planned this study longer follow-up was not decided
because by experience we know that bevacizumab group may
need further intravitreal injections after three initial loading
dose injections. That would have interfered with our main aim
of comparing PPV with Three IVB injections.

As shown in Fig. 1 Line Graph A; the vision progressively
improved after subsequent intravitreal injections of
bevacizumab, and it remained stable after 60 days of last
injection. Similar improvement in final vision was recorded in
the PPV group though the improvement in vision was much
earlier (in about 30 days after the procedure) when compared
with IVB group. In Fig. 1 Line Graph B, we can see that CMT
improved in both groups but more in eyes that underwent
PPV. The CMT increased marginally in IVB group when
analyzed after 60 days of last bevacizumab injection whereas
in the PPV group it dropped sharply after the procedure and
then remained stable. Usually, maximum therapeutic effects of
anti-VEGF injections are seen within 4-6 weeks postinjections.
We analyzed vision and CMT in IVB group at 30 days and
60 days after injection to give us a better idea how CMT behaves
with time. Figs. 2 and 3 show pre- and post-injection OCT
picture of two representative cases enrolled in the Group I of the
study. The intravitreal injection is an invasive procedure and
not without complications. There are inherent complications
of the intravitreal injection procedure and also side effects
of the drug (bevacizumab). In one large retrospective study,
records of 1173 patients were analyzed who received IVB
and were followed for 12 months to review ocular and
systemic side-effects.’? This study reported seven cases of
acute elevation of blood pressure, six cases of cerebrovascular
attacks, five cases of myocardial infarctions, five deaths, seven
cases of bacterial endophthalmitis, seven cases of tractional
retinal detachment, and four cases of uveitis. Mason et al.
retrospectively studied their series of 5233 IVB treatments
for the incidence of acute postinjection endophthalmitis.*!
The authors reported just one case of endophthalmitis. There
are also concerns regarding the effect of bevacizumab on the
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Figure 1: Line Graph A: Comparison of Vision change in both Groups. Line Graph B: Comparison of Central macular thickness change in both

Groups

Figure 2: (a) Preinjection optical coherence tomography (OCT)
picture showing diffuse diabetic macular edema along with cystic
changes. (b) OCT picture 1-month after 3 injections of bevacizumab

capillary perfusion in the macular area. In one such study, the
authors concluded that bevacizumab may improve CMT in
DME but leads to capillary loss.?!! On the other hand, there
are reports which suggest that IVB may be beneficial even
in cases where the severe capillary loss is already present.*!
It was reported that fluorescein angiography demonstrated
no change in the extent of macular capillary loss or reduced
dye leakage when compared with baseline in all patients who
received IVB injections.!

Pars plana vitrectomy is another treatment modality
reported to be useful in treating refractory DME. Several
studies published in peer reviewed literature have shown
that vitrectomy leads to a reduction of CMT in most cases and
improvement of visual acuity in 43-69% of study eyes."*1 One
important prognostic factor affecting the final visual acuity
is the presence of VMT. DRCR.net study reported results of
visual acuity outcomes after vitrectomy for DME in which
71% eyes had some sort of macular traction.®! In that series
64% eyes underwent ILM removal. They reported that median
central subfield thickness decreased from 412 um to 278 um

Figure 3: (a) Preinjection optical coherence tomography (OCT) picture
showing diffuse diabetic macular edema. (b) OCT picture one after three
injections of bevacizumab. Note the residual cystic edema

at 6 months, but median visual acuity remained unchanged.
Several studies have documented good anatomical and
functional results after PPV in refractory DME even without
macular traction.'>?*] In one retrospective study; results of
PPV with ILM peel were analyzed in 60 eyes with DME without
macular traction. The authors reported that 55 (93%) eyes
showed a decrease in macular thickening. Better postoperative
vision was seen in 26 (43%).'"] In another retrospective study
analyzing results of PPV and ILM peel in refractory DME
without VMT, the authors reported that 13 (50%) eyes showed
improvement in postoperative visual acuity.? In our study
vision improved in 13 (59.1%) eyes. Figs 4 and 5 show pre- and
post-vitrectomy, OCT pictures of two representative cases
enrolled in the Group II of the study. In our series presence
of VMT was an important exclusion criterion. None of our
cases had macular traction. Another important decision when
planning PPV is whether to remove ILM or not. Some studies
have reported a beneficial effect of ILM removal in chronic
DMEP where as others have reported no added advantage of
ILM removal.?! There are concerns for further photoreceptor
damage in an already damaged macula by removing ILM. The
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Figure 4: (a) Optical coherence tomography (OCT) picture
showing diffuse diabetic macular edema (DME) before vitrectomy.
(b) Postsurgical OCT showing resolving macular edema

reason of persistence of chronic edema and how ILM could
improve outcomes in some patients remains unknown. The
significant role of the ILM in the pathogenesis of persistent
diffuse DME might be explained by stressing the importance
of colloid and protein accumulation and retention in the
retinal interstitial space. Furthermore, ILM removal may also
have a beneficial effect in preventing postoperative epiretinal
membrane formation by removing the scaffold for proliferating
cells. In our series, all eyes underwent ILM peel after staining
with ICG.

How PPV helps in resolving macular edema and
improvement of vision is not entirely known but it is postulated
that increased macular blood flow in DME gets normalized
after vitrectomy, which leads to resolution of macular edemain
diabetic eyes.?” Another factor affecting final visual acuity after
PPV is the presence of a cataract. Several studies have showed
that the presence of preexisting cataract or simultaneous
phacoemulsification affects the final visual status. In our series
16 (72.7%) eyes in Group II (PPV) were already pseudophakic,
and the rest did not show any significant increase in cataract
after 4 months of PPV. We used short-acting gas - sulfur
hexafluoride (SF6) in 7 (31.8%) eyes out of which only three
were phakic. In these cases, peripheral breaks were observed
during induction of posterior vitreous detachment. No other
complication of the vitrectomy procedure like recurrent
vitreous hemorrhage, retinal detachment or endophthalmitis
was observed in our series. In IVB group also we did not
encounter any complications like vitreous hemorrhage, retinal
tear/detachment, lens touch or endophthalmitis.

We observed in our series that vision improved earlier in
PPV group though the difference in final vision achieved, and
the number of patients reported improvement of vision in
either group were not statistically significant. When changes
in CMT were analyzed, it was observed that the decrease in
CMT was more in PPV group when compared to a decrease
in CMT in IVB group. If we combine the data from both the
groups, we find that CMT decreased in 44 (100%) eyes but
vision improved only in 29 (65.9%) eyes. Both IVB and PPV
are effective treatment modalities for nontractional DME
refractory to laser therapy. PPV has the advantage of being a

Figure 5: (a) Optical coherence tomography (OCT) picture showing
diffuse DME before vitrectomy. (b) Postsurgical OCT showing resolving
macular edema

one time procedure. Also, the decrease in CMT is more and
vision is stabilized early when compared to IVB injections.
The disadvantages of PPV are that it is a difficult and long
procedure needing specialized instruments, personnel, and
setup. Moreover, the final visual result is affected by many
variables like the dexterity of surgeon, dye used for ILM peel,
the extent of ILM peel and cataract progression. The advantages
of intravitreal anti-VEGEF are that it is a simple procedure, can
be done quickly in the outpatient clinic and does not require a
large setup, specialized equipment or personnel. Disadvantages
of IVB are delayed response in the improvement of vision and
need for multiple injections.

Limitations

Our study is limited by the small number of cases, and short
follow-up period. Development of cataract affects the final
vision outcome, but it requires a longer follow-up. This study
was also not powered to assess either the systemic side-effects
of bevacizumab or the toxicity of staining material used to
assist ILM peeling.
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