Journal of Turgut Ozal Medical Center
ORİJİNAL MAKALE/ORIGINAL ARTICLE

2016;23(2):185-91

DOI: 10.5455/jtomc.2016.01.016

Can mean platelet volume have predictive value in premature
retinopathy?
Prematüre retinopatisinde mean platelet volüm’un prediktif değeri olabilir mi?
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Abstract
Aim: Retinopathy of prematurity, a proliferative vitreoretinopathy resulting from the vascular
disorder of the retina, is the most frequent cause of blindness in childhood. In the pathogenesis
of the disease, in particular, there are stages developing diametrically opposite to each other (the
first phase vasoobliteration, the second phase neovascularization) helped our thoughts of the
disease to form. Premature retinopathy is quite an important problem in newborn units not only
as far as its consequences but also its follow-up and management. Our controlled clinical study
aims to present a simple method that will facilitate the follow-up of the disease while guiding
clinicians in predicting the prognosis of the disease.
Material and Methods: In our case-controlled study we have assessed 64 preterm cases at the
risk of premature retinopathy, considering both the 46 preterm cases having been realized at
the follow-up to need laser photocoagulation, and the first and second stage of the disease, in
terms of thrombocytes, which play an important part in the transport and storage of vascular
endothelial growth factor.
Results: No statistically significant difference was found between the control and laser groups
in terms of the thrombocyte count and mean platelet volume values during the first stage of the
disease (p>0.05). During the second stage of the disease, while no difference was detected
between the control and laser groups in terms of the thrombocytes count, (p=0.98, p>0.05),
Significant differences were found in mean platelet volume values (p=0.001, p<0.05).
Conclusion: In our study we have obtained data to facilitate clinicians’ treatment and follow-up
of the cases at the risk of mean platelet volume values reflecting the elevated vascular
endothelial growth factor levels in the stage of neovascularization, which constitutes the basis
of our study.
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Öz

Amaç: Prematüre retinopatisi retinanın damarsal bozukluğu sonucu oluşan proliferatif
vitreoretinopati olup çocuklardaki körlüklerin sık nedenlerindendir. Özellikle hastalık
patogenezinde, birbirinin zıttı olarak gerçekleşen fazların (birinci faz-vasoobliteration, ikinci
faz-neovascularization) olduğunun bulunması prematüre retinopatisi hakkındaki
düşüncelerin şekillenmesine yardımcı olmuştur. Prematüre retinopatisi yenidoğan
ünitelerinde sonuçları açısından olduğu kadar takibi ve tedavisi açısından da oldukça
önemli bir problemdir. Biz kontrollü klinik çalışmamızda, hem hastalığın takibinde kolaylık
sağlayacak hem de hastalığın prognozunun tahmin edilmesinde klinisyenlere yol
gösterecek basit bir yöntemi gündeme getirmek istedik.
Gereç ve Yöntemler: Biz vaka kontrollü çalışmamızda, ROP riski altındaki 64 preterm olguyu,
takipleri sonucu lazer fotokoagülasyon ihtiyacı duyulmuş 46 preterm olgu ile hastalığın birinci ve
ikinci fazlarını göz önünde bulundurarak, bu fazlarda önemli rol oynayan vasküler endotelyal
growth faktörün taşınması ve depolanmasında rol oynayan trombositler açısından
değerlendirdik.
Bulgular: Hastalığın birinci fazında, trombosit sayıları ve ortalama trombosit hacmi değerleri açısından
kontrol ve lazer grupları arasında istatistiksel bir fark bulunmadı (p>0.05). Hastalığın İkinci fazında da
kontrol ve lazer grupları arasında trombosit sayıları açısından istatsitiksel bir fark bulunmazken (p=0.98,
p>0.05), aynı fazdaki ortalama trombosit hacmi değerleri açısından ise anlamlı fark bulundu (p=0.001,
p<0.05).

Sonuç: Çalışmamızda, hastalığın temelini oluşturan neovaskülarizasyon fazında (faz-2), artmış
vasküler endotelyal büyüme faktör düzeylerini yansıtan ortalama trombosit volüm değerleri
açısından risk altındaki olguların tedavi ve takibinde hekimlere kolaylık sağlayabilecek veriler
elde edildi.
Anahtar Kelimeler: Prematüre Retinopatisi; Trombosit; Ortalama Trombosit Hacmi.
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INTRODUCTION

in their study lists. The thrombocyte levels at this week
were considered to reflect the first phase of ROP.

Premature retinopathy (ROP) is a disease of retinal
vascular development, and one of the leading causes of
blindness in pediatric period worldwide (1). The
commonly held view in our time as to its pathogenesis is
that it consists of vaso-obliteration, resulting from the
reduction in blood level in response to hyperoxy in the
first phase, caused by mediators acting on vascular
development such as vascular endothelial growth factor
(VEGF) and insulinlike growth factor-1 (IGF-1), and of
vascular proliferative phase characterized by the elevated
level of such mediators as VEGF, IGF-1 in the second
phase in reaction to the first phase (2-4).

In the control group, phase-2 was determined according
to post-menstrual age. No thrombocyte counts taken
earlier than post-menstrual week 31 were recorded for
this ROP period. In cases with gestational week below 27,
in those born at gestational week 27-29, and in those
born at gestational week 30 or later, thrombocyte counts
were taken at post-menstrual week 32, 33, and 34,
respectively, at the earliest, and recorded in their study
lists as the thrombocyte values reflecting the second
phase of the control group.
In laser coagulation group, the thrombocyte counts taken
in the week prior to laser therapy were recorded in their
study lists, and this data were considered to be
thrombocyte values reflecting the second phase of ROP in
the laser group. The cases without thrombolytic records
for the period in question were excluded from the study.
Siemens Advia 2120 was used for determining
thrombocyte counts, and MPV values were calculated as
(fl).

Thrombocytes store, transport, and release various
factors -including VEGF, crucial to ROP pathogenesiswhich regulate angiogenesis. Accordingly, their
importance in the pathogenesis of the disease has been
the research topic of some studies (3-7).
In 2010, Vinekar et al., (6) found considerable differences
in the platelet counts of 21 control cases and 10 cases of
aggressive-posterior ROP (AP-ROP) to prognosticate
laser therapy, and propounded the existence of a
possible
relationship
between
AP-ROP
and
thrombocytopenia. Jensen et al., (7) also found a direct
relationship
between
laser
therapy
and
thrombocytopenia in their study in 2011. However, these
studies had been done without considering the biphasic
theory, which was first introduced by Aston and Simith
(8,9), and is of critical importance to understanding the
pathophysiology of ROP. We have realized our study in
view of biphasic theory on thrombocytes, responsible for
the transport and release of VEGF, which, in turn, is
important in ROP development (3,10-15). We have
researched into the differences that might arise during
the first and second phase of ROP in thorombocyte
counts and in mean platelet volume (MPV) in cases
subjected to laser therapy and those unsubjected to it.

One hour before the infants were examined, their
pupillae were dilated with tripocamide of 1% and
phenilephrine of administered twice, in 3 drops each
time, at an interval of 15 minutes. Topical anesthesia was
instituted with proparacain of 0.5% before examination.
After attaching cover speculum, first the front segment
and then the fundus were examined with binocular
indirect ophthalmoscope and lenses of 20 and 28
diopters. The patients were assessed simultaneously by
two opthalmologists and it was decided to treat and
monitor them. Vital changes observed during the
examination were also recorded and monitored.
Use was made of international scoring system for scoring
bronchopulmonary dysplasia (BPD). BPD records were
obtained even when the patients’ BPD was slight. The
cases with necrotizing enterocolitis (NEC) and those with
sepsis were recorded and included in the same
category. The cases who had received surfactant within
the first 24 post-natal hour were assumed to have
respiratory distress syndrome (RDS) and recorded as
such. The gestational ages, birth weights, sexes, and the
duration of mechanical ventilation in minute of the cases
were recorded.

Our hypothesis is that thrombocytes may be more active
in the second phase of ROP than in the first, and
therefore, increase neovascularization in the second
phase. Detection of such a difference between the
phases in thrombocytes, which reflects VEGF levels, will
offer advantages, such as cautious follow-up and more
precise timing of laser therapy in infants at risk of ROP.

MATERIALS and METHODS

The retina was divided into 3 zones for an objective
follow-up of ROP to be achieved .Zone 1 is the circle with
a radius twice as long as the distance from the optic disc
to the central macula, and with the optic disc in its center.
Zone 2 is the circle with a radius from the optic disc to the
nasal ora serrata and with an optic disc in its center. Zone
3 is the one shaped like half moon seen outside the zone
2 in the retina. Pre-Threshold disease was defined as plus
disease, or ROP in stage-3 in zone 1, as plus disease
accompanied by ROP in stage-2/3. The cases with
prethreshold ROP detected at follow-up underwent laser
photocoagulation therapy. Premature retinopathy was
scored with international scoring system.

We included in our study 64 preterm cases at risk of ROP
monitored in our hospital between August 2012 and May
2014. In our region, birth weights below 2000 gm and
births at a gestational age below 34 weeks qualify as
newborns at risk of ROP, and such cases were included in
our control group. As for the photocoagulation group, it
consisted of 46 cases exposed to laser therapy according
to Early Treatment of ROP (ET-ROP) criteria.
The thrombocyte counts at post-natal day 7 of the cases
in the control and laser coagulation groups were recorded
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The program used for statistical analyses was SPSS 21.0
(SPSS Inc. Chicago, Illionis). Data distribution was
studied with Shapiro-Wilk Normality test. Normal and
abnormal distributions between the groups were
compared by means of independent sample t and
Mann-Whitney U test, respectively. For the analyses of
rational data, chi-square test was used. P=0.05 was
taken as the point of statistical significance. Any P value
below 0.5 was considered significant.

distributions of the cases according to the study groups
have been presented in table 1. The most important
factors to affect ROP are gestational age and birth
weight. Accordingly, the differences in the data
obtained from the relevant cases were studied in terms
of gestational age and birth weight. There was no
statistically significant difference of gestational age
between the control group (28.2±1.29) and laser
photocoagulation group (27.1±1.37) (p=0.07, p>0,05). In
terms of birth weight, there was not any statistically
significant difference between the control group
(995.0±222.0) and the laser photocoagulation group
(980.0±276.5) (p=0.09, p>0,05). The study groups did
not differ significantly in sex, either (p=1.0, P>0,05)
(Table-1).

RESULTS
The study group and laser coagulation group consisted
of 64 and 46 cases, respectively. The diseases that may
affect ROP, interventions, and the demographic

Table1. The distribution of the diseases that may affect ROP, and of the interventions.

Gestational age (week)
Gestational weight (gr)
Gender (female/male)
Sepsis-NEC (38.2%)
BPD (28.1%)
RDS (67.9%)
Mechanical ventilation time (hour)
Oxygen using time (day)

Control Group
(n:64) (med±SD)
28.2±1.29
995.0±222.0
35(54.7%)/29(45.3%)
25 (39.1%)
15 (23.4%)

Study Groups
Laser Photocoagulation Group
(n:46) (med±SD)
27.1±1.37
980.0±276.5
26(56.5%)/20(43.5%)
17 (37.0%)
16 (34.8%)

38 (60.3%)
576.9±360.0
24.00±28.01

36 (78.3%)
712.1±606.7
34.00±19.41

Since the most important neonatal disease to affect
ROP, as mentioned in the literature, are Sepsis-NEC,
BPD, and RDS, the study groups were researched for
these diseases (Table-1). Sepsis and NEC were assessed
together (n:42, 38.2%). When looked from the
perspective of the study groups, sepsis-NEC was
detected in 25 (39.1%) patients in the control group, and
in 17 (37.0%) patients in the laser photocoagulation
group. These data were not statistically significant
(p=0.84, p>0,05). BPD, (n:31, 28,1%), was detected in 15
(23,4%) patients in the control group, in 16 (34,8%)
patients in the laser photocoagulation group (p=0.2,
p>0.05). RDS (n:74, 67.9%), however, was detected in 38
(60.3%) cases in the control group, and in 36 (78.3%)
cases in the laser photocoagulation group. There was no
statistically significant difference of RDS between the
study groups (p=0.06, P>0.05) (Table-1).

p value
0.07
0.09
1.00
0.84
0.20
0.06
0.01
0.01

external interventions, was recorded in hour. When
looked from the perspective of the time spent in
ventilation in the control (360.0±576.9) and laser
photocoagulation (712.1±606.7) group, statistically
significant differences were found between the groups
(p=0.01, p<0.05) (Table-1). This, however, is a feature
pointed out in all ROP studies, and therefore, it was not
a coincidence that it occurred in our study, also. The
values regarding the usage of oxygen in the study
groups were recorded in hour. There was a statistically
significant difference between the control group
(24.00±28.01) and laser group (34.00±19.41) (p=0.01,
p<0.05) (Table-1).
There was no statistically significant difference in
thrombocyte
counts
(219.5±114.5,
222.0±88.1)
(324.0±204.1, 307.0±128.7) in the first and second
phase in the study groups between the control group
and laser photocoagulation group (p=0.81/0.98, p>0.05)
(Table-2) (Figure-1,3).

The duration of the time spent in ventilation, one of the
most important factors to affect ROP in terms of

Table2. The distribution of platelet counts in the 1st and 2nd phase of ROP.
Study Groups
p value
Platelet count in Phase-1 (mm 3)

Control Group
(n:64) (med±SD)
219.5±114.5

Laser Photocoagulation Group
(n:46) (med±SD)
222.0±88.1

0.81

Faz-1 MPV (fl)
Platelet count in Phase-2 (mm 3)

10.0±1.32
324.0±204.1

10.0±1.56
307.0±128.7

0.43
0.98

9.9±1.34

11.6±1.06

0.001

Faz-2 MPV (fl)
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When looked from the MPV viewpoint, the study groups
in the second phase of ROP differed significantly. The
difference between the control group (9.9±1.34) and
laser
photocoagulationgroup
(11.6±1.06)
was
pronounced (p=0.001, p<0.05) (Table-2) (Figure-4).

Figure1. The distribution of platelet counts in the 1st phase
in the study groups.

Figure 4. The distribution of MPV in the 2nd phase in the
study groups.

Figure 2. The distribution of MPV in the 1st phase in the
study groups.

DISCUSSIONS
Considering the phases of ROP in our study, we have
researched into the thrombocyte counts in cases,
exposed to laser therapy for ROP in advanced stage,
and in the control group consisting of preterm infants at
risk of ROP. While no difference of thrombocyte count
was found in the study groups in the first phase of the
disease, MPV values of the study group in the same
phase differed significantly.
The difference in the mean thrombocyte volume was
ascribed to the increase in VEGF in the second phase of
ROP cases (16). If it is considered that the high VEGF
levels may be pronounced in the second phase of ROP
in
advanced
stage
-which
requires
laser
photocoagulation therapy in particular- The elevation of
MPV levels in these cases acquire a special importance.
This is because neovascularization in the second phase
of the disease giving rise to laser photocoagulation is
predicated on elevated VEGF levels observed again in
this phase, and our study demonstrates that elevated
MPV levels in the second phase might give us foresight
as to high VEGF levels (4,17-20).

Figure 3. The distribution of platelet counts in the 2nd
phase in the study groups

In the study, the thrombocyte counts in the first
(vasoobliteration) and the second (vasoproliferation)
phase of ROP were studied separately as the disease
consits of these diametrically opposed phases (4,9,21). A
large number of researcher have reported that while
there occurs in the first phase of ROP a reduction in the
number
of
mediators
which
affects
vascular
development, there occurs an increase in the number of
the same mediators during the second phase. This
differentiation constitutes the basic pathology of the
disease (4,9,21). Accordingly, the study of the mediators
known to affect ROP, such as VEFG, should not be
conducted without considering ROP phases in question.

There was no significant difference of MPV in the first
phase between the control (10.0±1.32) and the laser
photocoagulation (10.0±1.56) groups (p=0.43, p>0.05)
(Table-2) (Figurel-2).
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Low gestational age and low birth weight are risk factors
in ROP. These two factors are associated with the
profundity of retinal vascular and neural development
maturity at birth (22,23). The incidence of the disease
being higher in blacks than in whites and in males than in
females has borne the necessity of dwelling upon
genetic factors (24). There was no statistically significant
difference of gestational age, weight, and gender
between our study groups, which made the case
distribution homogenous.

triggering the second phase, which is primarily
responsible for the development of ROP (32-34).
In our study we did not investigate the effects of sepsis,
NEC, RDS, and BPD, on ROP. There are studies
demonstrating that these diseases are important in ROP
etiology. However, there is not enough concensus
among researchers about all except BPD. In our study
there was not any difference between the study groups
in terms of these diseases.
The primary contribution of the other factors to the
impairment of the regulation of the coroidal blood flow
and retinal blood flow is hypercarbia in mechanical
ventilation and preterm pulmonary damage (35). The
decrease in antioxidant defence and the increase in the
pressure of secondary oxygen in mechanical ventilation,
particularly in preterm infants, increase the pathology
(36). We did not dwell on the duration of mechanical
ventilation as it was not the main topic of our study.
However, we have seen that when we look at the study
groups from this perspective, the pronounced difference
between the control group and laser photocoagulation
group is in favor of the laser group, which is consistent
with previous studies. The similarity between the
characteristics of these data obtained from the
demographic records in our study and of generally
accepted factors in ROP etiology, such as the duration
of mechanical ventilation, has led us to suggest that the
conclusions drawn from our study are healthy, and
therefore, reliable.

In a study on 1544 infants with birth weights below 1000
gm, a group of infants with target SpO2 over 95% was
compared with another having target SpO2 below 95%.
The study revealed that the rate of ROP was reduced
from 29 to 10%, the rate of retinal surgical intervention
from 12 to 4%, chronic pulmonary disease from 53 to
27%, and the rate of mortality from 24 to 17% (25).
It was researched in some studies that in the second
phase of ROP, oxygen, could, in theory, suppress the
high levels of the oxygen-dependent factor which, like
VEGF, causes vascular proliferation. In one study 358
infants with gestational ages below 30 weeks were
checked, and the effects of different oxygen targets in
the second phase of ROP were investigated.
Researchers comparing SpO2 targets of 91-94% and 9598% reported that the severity of the disease differed
while there was no change in the number of infants and
in their development in 12 months. In that study, it was
demonstrated that the high oxygen saturation in phase2 was of no use. Chen et al., (26), however, have
reported that low oxygen saturation (70-96%) in the first
several postnatal weeks and high oxygen saturation
(%94-99) at post-menstrual day 32 or later reduce the
grave risk of ROP progression. The importance of
oxygen in ROP has been proven in many other
comprehensive studies (27,28).

The most important of the mediators to function in
premature retinopathy VEGF. Its levels in the first phase
of ROP are low, but they are expected to be high in the
second phase (4,17-21). In addition to storing and
transporting these mediators thrombocytes stimulate
endothelial cells in in vitro medium, contributznt to
neovascularization. When looked from this perspective,
high MPV in the second phase of the disease may reflect
the VEGF levels which have been elevated in this phase.
The data obtained from our study corroborate this view
(3,37,38).

The study by Chen (26), in particular, investigating the
effect of oxygen on ROB is one done by considering the
phases of the disease, and was consistent with the basic
philosophy of our study. We have studied in our cases,
not the usage of oxygen, but the thrombocyte counts,
which reflect VEGF levels in terms of the phase of the
disease and their predictive value. In our study group, as
was expected, oxygen usage was, significantly great in
the laser photocoagulation group, which was in
agreement with the findings from the previous studies
done on the etiology of ROP and accepted widely in our
time.

The absence of any difference in MPV between the
study groups in the first phase of the disease, when
vasoobliteration occurs, is due to low VEGF levels in
both study groups in this phase. However, the significant
difference in MPV in the second phase of the disease,
when vasoproliferation arises, stems from VEGF levels’
being low in the group which does not require laser
therapy, while being high in the group which requires
laser therapy. The striking difference between MPV
levels, which reflects the high VEGF level in the second
phases of the cases, may help clinicians, by facilitating
ideal follow-up, to make decisions as to the treatment
and prognosis of the disease.

Premature retinopathy affects primarily the infants who
had a history of severe disease (sepsis, NEC, BPD) or
prolonged oxygen therapy (29,30). In addition, prenatal
infection and inflammation have been thought to trigger
the recently defined phase called pre-phase (31). A large
number of researcher report that RDS increases patients’
oxygen consumption, thereby increasing the incidence
of ROP. Consequently, RDS causes the growth factor
which enables vascular development to be suppressed,

CONCLUSIONS
Despite the progressively increasing importance of
premature retinopathy in our time, the degree of the
increase in the progress achieved in its diagnosis is not
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at desirable level. The follow-up of the patients at risk, in
particular, is rather difficult for both patients and
clinicians, owing to the burden involved. Studies
intended to overcome these difficulties, however, are
few in number.
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Accordingly, we planned to do our study on this topic,
with a more non-invasive method, considering the two
phases, which constitute the pathophysiology of the
disease. We have obtained results that may help the
clinician and the patient in treating and monitoring the
disease, with the aid of MPV values reflecting elevated
VEGF levels in neovascularization phase (phase-2), which
is the root of the disease.
The data obtained from this study may enable
ophtalmologists to more precisely monitor the disease in
infants at risk of ROP, and to have foresight as to the
course of the disease.
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