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Purpose. To report the results of the posterior pole sparing laser photocoagulation combined with intravitreal bevacizumab injection
(IVB) in retinopathy of prematurity (ROP). Methods. A retrospective chart review of premature babies with ROP, all of whom
received laser photocoagulation with IVB. Eleven eyes of 6 infants with advanced zone I ROP underwent laser ablation sparing
posterior pole with concurrent IVB. The results were compared with those of full-laser treatment combined with IVB to 8 eyes
of 5 infants with advanced ROP without involvement of the posterior pole. Results. The posterior pole sparing laser with IVB was
performed with zone I, stage 3+ ROP at the mean postmenstrual age of 36 weeks and 5 days. The plus sign decreased significantly
at postoperative day 1, the neovascular proliferation regressed by postoperative week 1, and the normal vascularization started at
postoperative day 32 on the average. Two months after treatment, vascularization of the spared avascular area was completed. There
was no macular dragging, tractional retinal detachment, foveal destruction by laser scars, or any other adverse event. No significant
anatomical differences were identified from those of full-laser ablation combined with IVB. Conclusions. Posterior pole sparing laser
with IVB can give favorable results without destruction of posterior pole retina.

1. Introduction
A current standard therapy in the treatment of advanced
retinopathy of prematurity (ROP) is to ablate the peripheral
avascular area by making laser photocoagulation scars without skip areas [1–3]. However, zone I ROP had approximately
55.2% unfavorable structural outcome rate in Early Treatment
of Retinopathy of Prematurity (ETROP) trial, although conventional laser therapy was applied at optimal timing [4].
Retinal vascular complexes grow from the optic disc
towards the periphery and, therefore, the further the retinal
area from the optic disc is, the greater the likelihood it will
remain avascular will be. However, the vascularization is
possibly not equal in all directions in either onset or speed,
which may contribute to the development of temporal avascular notch. One hypothesis could be that the development
courses of the temporal retinal vessels are not straight lines,

but arcades, and the temporal periphery of 3 or 9 o’clock may
be the latest vascularized portion, which may explain why
avascular areas protrude towards posterior pole at temporal
median raphe [5].
Advanced posterior ROP with the temporal avascular
notch too close to the macula poses a dilemma for treatment.
Conventional laser therapy including an avascular area near
the fovea may cause a visual field defect (Figure 1(a)) [6].
On the other hand, laser ablation sparing the avascular area
adjacent to the macula may allow extraretinal fibrovascular
proliferation in the skip area, possibly inducing tractional
membrane or macular dragging (Figure 1(b)).
To resolve this dilemma, the authors report the results
of the posterior pole sparing laser ablation combined with
intravitreal bevacizumab injection (IVB), which halts neovascularization immediately and preserves the macula from laser
scarring by sparing the temporal avascular area close to fovea.
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Figure 1: Diagrammatic presentation of the dilemma in the treatment of APROP. (a) Confluent laser ablation (yellow) without skipped areas;
the expansion of the scar may induce the cecocentral scotoma. (b) Posterior pole sparing laser to avoid the scotoma; the spared area (red
slash) can induce the fibrovascular membrane (green), as well as macular traction and distortion. APROP: aggressive posterior retinopathy
of prematurity.
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Figure 2: Diagrammatic presentation of the two groups. (a) In Group 1, with avascular area within 2 DD from foveal center, laser therapies
sparing posterior pole with IVB were applied. (b) In Group 2, without avascular area within 2 DD from foveal center, complete confluent laser
without spared zone and IVB were performed. DD: disc diameter; IVB: intravitreal bevacizumab injection.

2. Materials and Methods
This study was approved by the Keimyung University Institutional Review Board. A consecutive retrospective review of
all medical records of the infants who were treated with laser
photocoagulation and IVB at our hospital for the treatment of
zone I ROP or aggressive posterior zone II ROP from January
2006 to January 2012 was performed [7].
In the ROP cases with avascular area within 2-disc diameter (DD) from foveal center, laser therapies sparing posterior
pole with IVB were applied, defined as Group 1 (Figure 2(a)).
In the eyes with ROP without avascular area within 2 DD
from the foveal center, IVB and laser without the spared zone
were performed, defined as Group 2 (Figure 2(b)).
Prior to the procedures, informed consent regarding the
off-label use of bevacizumab (Avastin; Genentech, Inc., San
Francisco, CA, USA) was obtained. All the bevacizumab
injections were prepared from new Avastin vials just before
the procedures on the day. Under general anesthesia, a near
confluent pattern of laser photocoagulation was applied to the
entire avascular retina except spared area, using laser indirect
ophthalmoscope (VISULAS 532s, Carl Zeiss Meditec, Dublin,
CA, USA). After bilateral laser treatments, 0.5 mg (0.02 cc)
bevacizumab was injected temporally approximately 1.5 mm
posterior to the limbus using a 30-gauge needle following
disinfection with 5% povidone iodine. The perfusion of optic

nerve head was then confirmed with indirect ophthalmoscope and paracentesis was performed when the intraocular
pressure was high. Cravit ophthalmic solution (levofloxacin
0.5%, Santen, Osaka, Japan) and Cyclogyl 1% ophthalmic
solution (cyclopentolate 1%, Alcon, Fort Worth, TX, USA)
were prescribed to begin immediately and be continued every
6 hours and every 8 hours, respectively, for 6 days after IVBs.
The authors monitored ocular or systemic adverse events
associated with drug or procedure and evaluated the courses
of ROP with indirect ophthalmoscope during followup. The
macular dragging was defined as ectopic or folded fovea.
Statistical analysis used SPSS version 18.0 (SPSS, Inc., an IBM
Company, Chicago, IL, USA). The Mann-Whitney 𝑈 test was
used for comparison of the two groups. Null hypotheses of no
difference were rejected if 𝑃 values were less than 0.05.

3. Results
Eleven eyes of six patients received posterior pole spared laser
photocoagulation with the IVB (Group 1), and 8 eyes of 5
patients were treated with conventional laser treatment with
the IVB (Group 2). In one patient, the left eye was in Group
1 and the right eye was in Group 2. In Group 2, one patient
received an IVB only in the left eye.
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Table 1: Demographics of infants in Group 1 and Group 2.
Group 1
Birth weight (g)
1295.5 ± 290.0
Gestational age (weeks)
28.7 ± 1.3
Gender (M : F)
Delivery (C-sec : VD)
Stage
Zone 1 : zone 2

Group 2

𝑃 value1

1012.5 ± 85.3
27.1 ± 0.7

0.08
0.08

5:1
7:4
All 3

2:3
8:0
All 3

All zone 1

2:3

C-sec: caesarean section; VD: vaginal delivery; 1 Mann-Whitney 𝑈 test.

Table 2: Comparison between Group 1 and Group 2.

Mean age at treatment
(postmenstrual age, weeks)
Loss of plus sign after
treatment (days ± SD)
Peripheral vessel growth
after treatment (day ± SD)
Mean number of laser
burns
1

Group 1

Group 2

𝑃 value1

36.7

36.3

0.840

2.1 ± 1.16

1.8 ± 0.9

0.657

54.8 ± 18.4

57.2 ± 6.4

0.177

2631.8

2849.3

0.717

Mann-Whitney 𝑈 test.

The demographics of patients are presented in Table 1.
The mean gestational ages at birth were 28.7 weeks in Group 1
and 27.1 weeks in Group 2. Mean birth weight was 1295.5 g in
Group 1 and 1012.5 g in Group 2. The eyes involved in Group 1
are all stage 3 and zone I. There were no significant differences
in birth weight or gestational age between the two groups. The
average follow-up periods were 27 months (16–42 months) in
Group 1 and 21 months (16–27 months) in Group 2.
The mean postmenstrual age (PMA) at treatment was
36.7 weeks in Group 1 and 36.3 weeks in Group 2. The plus
signs started decreasing significantly at postoperative day
1 in both groups and disappeared after 2.1 days after the
treatment in Group 1 and after 1.8 days in Group 2. Normal
vascularization was noted to have started at postoperative
day 32 on the average and to have been completed over
the laser spared area about 2 months after the treatment
(Group 1: 54.8 days; Group 2: 57.2 days), and peripheral retinal
vessel development on some adjacent laser scar area was then
observed. Through the last followup, no vision-threatening
laser scar expanding to the fovea was observed. There were no
significant differences in the resolution of the plus sign and in
the duration of peripheral vessel growth up to the laser scar
between the two groups (Table 2).
Group 1 received 2631.8 of laser burn during the procedure, and there is an average of 218 laser spots less compared
to Group 2. The difference of the spot counts is presumed to
come from the sparing areas.
Both groups were observed to have complete regression
of the ROP without recurrence of fibrovascular membrane,
macular dragging, or retinal detachment, and other serious
ocular complications and any other systemic complications
are not identified.

4. Discussion
Following Campbell’s description [8] of the relationship of
ROP to oxygen exposure, cryotherapy for retinopathy of
prematurity (Cryo-ROP) [9] study and ETROP trial have
contributed to the development of ROP treatment. However,
the ETROP study reported over 50% unfavorable structural
results in zone I disease [2, 3]. Although laser photocoagulation has permanent effect on regression of neovascularization, by destructing avascular retina with overproduction of
vascular endothelial growth factor (VEGF), it may increase
VEGF temporarily immediately after photocoagulation without effect on VEGF already present in the vitreous cavity
[10, 11]. For that reason, it takes 2-3 weeks for regression
of neovascularization and ROP can progress, especially in
posterior pole ROP (zone I or posterior zone II ROP) despite
full-laser treatment. Besides, laser scar in temporal retina
may creep and enlarge to macula afterwards, resulting in
scotoma or central vision defect, as reported in diabetic
patients with panretinal photocoagulation, although it has
not been documented in ROP literature [12].
Although intravitreal bevacizumab does not act over a
long period, it immediately starts inducing regression of
the neovascularization by blocking all VEGF in the vitreous
[6, 11]. For that reason, anti-VEGF therapy has an additional
benefit over laser therapy; furthermore, prior studies have
demonstrated IVB as an adjuvant or as a possible monotherapy [6, 13, 14]. This study obtained good results by applying
posterior pole sparing laser with IVB to posterior pole ROPs,
instead of the standard treatment of ROP. The results are
assumed to come from the complementary cooperation of
laser therapy with late-onset but long-term effects and IVB
with early onset but short acting.
Initially, anti-VEGF decreases VEGF and halts the
advance of the neovascularization immediately and then the
laser effects begin in 2-3 weeks [11]. The effects of anti-VEGF
dissipate in 2 months, but it is assumed that the amount of
VEGF from the spared avascular retina is too little to induce
extraretinal fibrovascular proliferation. Subsequently, normal
retinal vascularizations are completed. This current study also
showed that complete retinal vascularization was identified
in 2 months after treatment. Additionally, the vascularization
on the laser scar was observed, although the Bevacizumab
Eliminates the Angiogenic Threat of Retinopathy of Prematurity (BEAT-ROP) study stated that permanently destructed
peripheral retina by conventional laser treatment does not
allow for normal retinal vascularization [15]. Some study [16]
also showed peripheral retinal vascularization on the laser
scar in the ROP cases with laser treatments and IVBs, which
implies that it is possible that IVB is helpful for peripheral
retinal vascularization on laser scar by inducing complete
regression.
When IVB was first applied to the treatment of ROPs,
it was used as an adjuvant to laser [6, 13]. It was thought
that permanently effective laser would compensate for shortterm effective bevacizumab. However, since bevacizumab
monotherapy for the ROP cases in which laser therapy was
impossible because of poor retinal visualization showed good
results [17], the following reports of successful monotherapy
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for advanced ROPs have proposed IVB as an alternative to
laser rather than as an adjuvant.
There are several possible explanations about why
repeated IVBs are not necessary in ROP, unlike other retinal
diseases that necessitate repeated injections. As the PMA
increases, especially over the age of 45 weeks, the infant is
at lower risk of progression of ROP [14, 18, 19]. Anti-VEGF
can suppress ROPs definitely during the critical period. After
exhaustion of the anti-VEGF, the VEGF concentration is
presumed to increase gradually to the proper level to induce
normal retinal vascularization.
The BEAT-ROP trial [15] compared intravitreal bevacizumab (0.625 mg in 0.025 ml) monotherapy and conventional laser therapy in zone I and zone II ROPs and concluded
that IVB monotherapy is superior to laser for treatment of
zone I, stage 3+ ROP. Nevertheless, two recurrent cases 19.2 ±
8.6 weeks after IVB were reported in zone I ROP. This likely
resulted from termination of the medicinal effect rather than
from lack of the anti-VEGF potency, comparing the interval
(6.4 ± 6.7 weeks) from laser to recurrence [20, 21]. A similar
recurrence period gap between IVB and laser was observed
in zone II ROP too. Hu et al. [22] also reported 9 infants
(17 eyes) with recurrence of ROP after initial treatment
with IVB monotherapy and concluded that, although IVB
treatment is effective in inducing regression of ROP, the
effect may be transient and late retinal detachment can occur
despite early regression. It implies that about 5% of advanced
zone I or II ROPs may produce excessive VEGF to induce
neovascularization, after cessation of anti-VEGF effect. On
the one hand, bevacizumab monotherapy may be a simpler
and more effective treatment than laser therapy, but it still has
a 5-6% recurrence rate. Combination treatment can resolve
the recurrence problem. In the current study, there was
no recurrent ROP case after combination treatment, during
the follow-up period (16–42 months), for longer than the
recurrence intervals reported in IVB monotherapy. Besides,
combination with laser can be expected to prevent retinal
detachment complicated by IVB [23].
Repeated injections for the treatment of ROP, as in other
neovascular retinal diseases, may be another option. However, this may be dangerous, considering systemic adverse
effects of anti-VEGF. Sato et al. [24] reported that the serum
VEGF levels dropped 2 weeks after IVB 0.5 mg.
Although IVB monotherapy as the initial intervention
and close observation for laser treatment as needed is also
possible, the recurrence period after IVB is too long for
close observation. Hu et al. [22] reported that the mean time
between initial IVB and treatment-requiring recurrence was
14.4 weeks, with a minimum of 4 and a maximum of 35
weeks, and recurrence after IVB can occur later than with
conventional laser therapy. Close observation over 7 months
is required after IVB, unlike laser photocoagulation, because
timely laser therapy is essential for the treatment of recurrent
ROP [25]. If the patient is at risk for leaving observation or
needs to do a single treatment session due to anesthesia or
other non-retina reasons, this would be a good treatment
option.
When anti-VEGF was first applied to the treatment of
ROPs, IVB was performed after laser treatment, because
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with the uncertain effect on ROP at that time clinicians
were reluctant to use bevacizumab as an initial treatment.
However, IVB given during the fibrovascular organization
following laser for ROP may induce acute contraction of
the proliferative membrane and aggravate tractional retinal
detachment. Accordingly, intravitreal bevacizumab should be
injected before laser or at the same time [23, 26].
Recently, Kim et al. [27] reported that 18 eyes with type
1 ROP in zone I underwent combined zone I sparing laser
with IVB. All eyes showed prompt regression of neovascular
pathology and plus disease. Vascularization reached zone II
without recurrence or adverse events after the treatment.
However, the current study spared posterior pole and compared the results with those of full-laser treatment combined
with IVB. Sparing posterior pole of which center is fovea is
presumed to conserve better visual function than zone I.
Even though the combination treatment of laser and
IVB has 100% success rate in ROP regression in this series
of patients, it also should be reserved only for APROP or
some severe posterior ROPs, because most of ROPs can be
successfully treated with IVB alone or laser monotherapy,
and there is potential risk in that blood retinal barrier might
be affected by laser [28] and anti-VEGF might leak into the
systemic circulation more than the IVB monotherapy, which
could increase systemic effect and reduce local effect of antiVEGF.
This study is limited by its retrospective design, with a
small number of ROP cases; the follow-up intervals were
not tight enough to check all the changes of the ROP
courses; the follow-up periods were not long enough to
check the visual field defect and the refraction of the eyes;
the nonvascularized zones temporal to fovea of the two
groups were different, although the other basic characteristics
are not significant. However, the less vascularized Group
1 ROP had favorable results, even with less invasive and
destructive laser treatment. Additionally, the safe dose of
IVB for ROP infants has not been proved yet and a half
dose for adults could be harmful systemically for premature
infants, especially after laser treatment. The patients need to
be followed continuously to claim the real benefits such as less
central scotoma on the visual field and to check possible side
effects through additional functional tests.
In conclusion, in zone I or posterior zone II ROP in
which laser treatment alone may be dangerous, posterior
pole sparing laser with IVB can induce favorable results
without destructing the posterior pole retina, compared with
the conventional ROP treatment and other IVB treatments.
Further studies are needed to establish how much avascular
retina can be spared in combination treatments and which
ROP cases need IVBs.
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G. Holmström, “Time to consider a new treatment protocol
for aggressive posterior retinopathy of prematurity?” Acta
Ophthalmologica, vol. 91, no. 2, pp. 170–175, 2013.
[7] International Committee for the Classification of Retinopathy
of Prematurity, “The International classification of retinopathy
of prematurity revisited,” Archives of ophthalmology, vol. 123, no.
7, pp. 991–999, 2005.
[8] K. Campbell, “Intensive oxygen therapy as a possible cause of
retrolental fibroplasia; a clinical approach,” Medical Jounal of
Australia, vol. 2, no. 2, pp. 48–50, 1951.
[9] “Multicenter trial of cryotherapy for retinopathy of prematurity.
One-year outcome—structure and function. Cryotherapy for
Retinopathy of Prematurity Cooperative Group,” Archives of
Ophthalmology, vol. 108, no. 10, pp. 1408–1416, 1990.
[10] A. N. Witmer, G. F. J. M. Vrensen, C. J. F. van Noorden,
and R. O. Schlingemann, “Vascular endothelial growth factors
and angiogenesis in eye disease,” Progress in Retinal and Eye
Research, vol. 22, no. 1, pp. 1–29, 2003.
[11] H. A. Mintz-Hittner and R. R. Kuffel Jr., “Intravitreal injection
of bevacizumab (avastin) for treatment of stage 3 retinopathy of
prematurity in zone i or posterior zone II,” Retina, vol. 28, no. 6,
pp. 831–838, 2008.
[12] K. Maeshima, N. Utsugi-Sutoh, T. Otani, and S. Kishi, “Progressive enlargement of scattered photocoagulation scars in diabetic
retinopathy,” Retina, vol. 24, no. 4, pp. 507–511, 2004.
[13] J. C. Law, F. M. Recchia, D. G. Morrison, S. P. Donahue, and R.
L. Estes, “Intravitreal bevacizumab as adjunctive treatment for
retinopathy of prematurity,” Journal of AAPOS, vol. 14, no. 1, pp.
6–10, 2010.

5
[14] E. J. Chung, J. H. Kim, H. S. Ahn, and H. J. Koh, “Combination of laser photocoagulation and intravitreal bevacizumab
(Avastin) for aggressive zone I retinopathy of prematurity,”
Graefe’s Archive for Clinical and Experimental Ophthalmology,
vol. 245, no. 11, pp. 1727–1730, 2007.
[15] H. A. Mintz-Hittner, K. A. Kennedy, and A. Z. Chuang, “Efficacy of intravitreal bevacizumab for stage 3+ retinopathy of
prematurity,” The New England Journal of Medicine, vol. 364, no.
7, pp. 603–615, 2011.
[16] J. Y. Lee, J. B. Chae, S. J. Yang, Y. H. Yoon, and J.-G. Kim, “Effects
of intravitreal bevacizumab and laser in retinopathy of prematurity therapy on the development of peripheral retinal vessels,”
Graefe’s Archive for Clinical and Experimental Ophthalmology,
vol. 248, no. 9, pp. 1257–1262, 2010.
[17] A. Travassos, S. Teixeira, P. Ferreira et al., “Intravitreal bevacizumab in aggressive posterior retinopathy of prematurity,”
Ophthalmic Surgery Lasers and Imaging, vol. 38, no. 3, pp. 233–
237, 2007.
[18] P. M. Beer, S. J. Wong, A. M. Hammad, N. S. Falk, M. R.
O’Malley, and S. Khan, “Vitreous levels of unbound bevacizumab and unbound vascular endothelial growth factor in
two patients,” Retina, vol. 26, no. 8, pp. 871–876, 2006.
[19] M. X. Repka, E. A. Palmer, and B. Tung, “Involution of retinopathy of prematurity,” Archives of Ophthalmology, vol. 118, no. 5,
pp. 645–649, 2000.
[20] B. A. Darlow, A. L. Ells, C. E. Gilbert, G. A. Gole, and G. E.
Quinn, “Are we there yet? Bevacizumab therapy for retinopathy
of prematurity,” Archives of Disease in Childhood Fetal and
Neonatal Edition, vol. 98, no. 2, pp. F170–F174, 2013.
[21] S. Raizada, J. Al Kandari, and K. Al Sabti, “Will the BEAT-ROP
study results really beat ROP?” Investigative Ophthalmology and
Visual Science, vol. 52, no. 12, pp. 9288–9289, 2011.
[22] J. Hu, M. P. Blair, M. J. Shapiro, S. J. Lichtenstein, J. M. Galasso,
and R. Kapur, “Reactivation of retinopathy of prematurity after
bevacizumab injection,” Archives of Ophthalmology, vol. 130, no.
8, pp. 1000–1006, 2012.
[23] S. Honda, H. Hirabayashi, Y. Tsukahara, and A. Negi, “Acute
contraction of the proliferative membrane after an intravitreal
injection of bevacizumab for advanced retinopathy of prematurity,” Graefe’s Archive for Clinical and Experimental Ophthalmology, vol. 246, no. 7, pp. 1061–1063, 2008.
[24] T. Sato, K. Wada, H. Arahori et al., “Serum concentrations of
bevacizumab (Avastin) and vascular endothelial growth factor
in infants with retinopathy of prematurity,” American Journal of
Ophthalmology, vol. 153, no. 2, pp. 327.e1–333.e1, 2012.
[25] D. M. Moshfeghi and A. M. Berrocal, “Editorial: Retinopathy
of prematurity in the time of bevacizumab: incorporating the
beat-rop results into clinical practice,” Ophthalmology, vol. 118,
no. 7, pp. 1227–1228, 2011.
[26] M. E. Hartnett and J. R. McColm, “Fibrovascular organization
in the vitreous following laser for ROP: implications for prognosis,” Retina, vol. 26, no. 7, pp. S24–S31, 2006.
[27] J. Y. Kim, S. J. Kim, Y. S. Chang, and W. S. Park, “Combined
intravitreal bevacizumab injection and zone i sparing laser
photocoagulation in patients with zone i retinopathy of prematurity,” Retina, vol. 34, no. 1, pp. 77–82, 2014.
[28] L.-I. Larsson and E. Nuija, “Increased permeability of the bloodaqueous barrier after panretinal photocoagulation for proliferative diabetic retinopathy,” Acta Ophthalmologica Scandinavica,
vol. 79, no. 4, pp. 414–416, 2001.

MEDIATORS
of

INFLAMMATION

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

Volume 2014

Gastroenterology
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

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

Diabetes Research
Volume 2014

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

Volume 2014

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

Volume 2014

International Journal of

Journal of

Endocrinology

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

Disease Markers

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

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi Publishing Corporation
http://www.hindawi.com

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

Volume 2014

Volume 2014

Journal of

Obesity

Journal of

Ophthalmology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

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

Volume 2014

Journal of

Oncology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

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

Volume 2014

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

AIDS

Behavioural
Neurology
Hindawi Publishing Corporation
http://www.hindawi.com

Research and Treatment
Volume 2014

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

