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Evaluation of the WinROP system for identifying retinopathy of prematurity in 
Czech preterm infants

Juraj Timkovica,b,c, Martina Pokryvkovad, Katerina Janurovae, Denisa Barinovad, Renata Polackovac,d, Petr Maseka,c

Aims. Retinopathy of Prematurity (ROP) is a potentially serious condition that can afflict preterm infants. Timely and 
correct identification of individuals at risk of developing a serious form of ROP is therefore of paramount importance. 
WinROP is an online system for predicting ROP based on birth weight and weight increments. However, the results 
vary significantly for various populations. It has not been evaluated in the Czech population. This study evaluates the 
test characteristics (specificity, sensitivity, positive and negative predictive values) of the WinROP system in Czech 
preterm infants.
Methods. Data on 445 prematurely born infants included in the ROP screening program at the University Hospital 
Ostrava, Czech Republic, were retrospectively entered into the WinROP system and the outcomes of the WinROP and 
regular screening were compared.
Results. All 24 infants who developed high-risk (Type 1 or Type 2) ROP were correctly identified by the system. The 
sensitivity and negative predictive values for this group were 100%. However, the specificity and positive predictive 
values were substantially lower, resulting in a large number of false positives. Extending the analysis to low risk ROP, 
the system did not provide such reliable results.
Conclusions. The system is a valuable tool for identifying infants who are not likely to develop high-risk ROP and this 
could help to substantially reduce the number of preterm infants in need of regular ROP screening. It is not suitable 
for predicting the development of less serious forms of ROP which is however in accordance with the declared aims 
of the WinROP system.
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INTRODUCTION

Retinopathy of prematurity (ROP) is a potentially 
blinding vasoproliferative disease affecting prematurely 
born infants. The degree of prematurity and low birth 
weight are the principal risk factors for development of 
the disease, although other factors may also play a role1-14. 
On the molecular level, ROP pathogenesis is associated 
with several molecular factors, the most significant of 
which are the vascular endothelial growth factor (VEGF), 
hypoxia-inducible factor 1 (HIF-1) and insulin-like growth 
factor 1 (IGF-1) (ref.15-21).

IGF-1 plays a key role in the development of multiple 
tissues and affects processes including vascularization. 
During gestation, transplacental transfer of maternal 
IGF-1 into the foetus is responsible for maintaining the 
optimum levels of IGF-1. In prematurely born infants, 
this maternal supplement is missing, which leads to the 
pathologically low levels of IGF-1 in new-borns17,21,22. In 
the first stage of ROP, low levels of IGF-1 lead to low 
activation of VEGF and thus to obliteration of retinal 
capillary vessels. Later, in the second stage, the levels of 

IGF-1 are conversely too high and contribute towards the 
uncontrolled neoangiogenesis15,17,19-21.

Over the last decade, numerous studies have con-
firmed the relationship between low IGF-1 levels in pre-
maturely born infants, extremely low birth weight, low 
weight increments in the postnatal period and develop-
ment of ROP requiring treatment23-32. Based on the results 
of weekly weight increments in Swedish infants, an online 
system WinROP was created aiming at timely prediction 
of a high risk of serious ROP development25,32,33. 

Several studies that evaluated ROP in different popula-
tions have been published with varying results23,25,26,32-39. In 
this paper, we would like to contribute to this discussion 
by presenting an evaluation of the WinROP system based 
on data acquired at our department.

METHODS

We performed a retrospective analysis of a group 
of 445 infants who were born before gestational week 
32 (GW 32) at the University Hospital Ostrava, Czech 
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Republic, between 1. 11. 2011 and 31. 10. 2014 and 
automatically included in the ROP screening program. 
The screening was carried out by an experienced oph-
thalmologist using a RetCam3™ ophthalmic imaging 
system (Clarity Medical Systems Inc., Pleasanton, CA, 
USA). 

Retrospectively, the anonymised data of new-borns 
(date of birth, birth weight and gestational week at birth) 
were entered into the WinROP system. A unique ID 
number was assigned to each child by the system, the 
number was recorded in the new-born’s documentation 
and used as the only identifier thereafter. Subsequently, 
weekly weight increments were entered into the system 
up to week 40 of postconceptional age or until alarm was 
triggered by the system. All data were exported from the 
system into MS Excel (Microsoft Corporation, Redmond, 
Washington, USA) after the screening completion, 
compared with the results of screening and statistically 
evaluated. Sensitivity, specificity, positive and negative 
predictive values were calculated where possible, along 
with 95% Clopper-Pearson confidence intervals.

For evaluation purposes, all preterm infants were di-
vided into four groups according to the maximum ROP 
stage reached: Type 1 and Type 2 in accordance with the 
criteria outlined in the ETROP study (Type 1 ROP – in-
fants requiring treatment within 48-72 h after the diag-
nose, Type 2 ROP – not requiring immediate intervention 
but close and frequent monitoring) (ref.40). All new-borns 
who developed ROP that was not serious enough to be 
classified as the Type 1 or Type 2 were included in a group 
denominated as Type 3. The last group then consisted 
of prematurely born infants without ROP. For a more 
detailed assessment, the infants were also divided accord-
ing to their gestational age at birth and birth weight into 
the following subgroups: extremely preterm (born at less 
than 29 weeks of pregnancy) and very preterm (29-32 
weeks) new-borns, infants with low birth weight (1500 g 
and more), very low (1000 - 1499 g) and extremely low 
birth weight (under 1000 g).

RESULTS

Fig. 1 shows the distribution of patients in our group. 
Only 3.6% of our patients developed ROP Type 1 and 
1.8% developed ROP Type 2, i.e., altogether 5.4% devel-
oped a high risk ROP requiring or potentially requiring 
treatment. 25.6% of infants were diagnosed with ROP not 
fulfilling criteria for Type 1 or 2 ROP and 69% developed 
no ROP. No ROP Type 1 or Type 2 was found among the 
infants with birth weight over 1500 g and only 1 patient 
with ROP Type 1 was present in the group with very low 
birth weight. In contrast, 14% of infants with extremely 
low birth weight developed ROP Type 1 requiring treat-
ment and 8% ROP Type 2 potentially requiring treatment. 
A similar situation was found when the infants were di-
vided according to their gestation age at birth – only two 
(1%) very preterm infants (gestation age at birth 29-32 
weeks) developed ROP Type 1 and one developed ROP 
Type 2 while 11% of infants born before gestational week 
29 developed ROP Type 1 and 6% ROP Type 2.

The mean age of the new-borns at WinROP alarm 
was 29.7 weeks (standard deviation 1.8 weeks), the mean 
age of ROP diagnosis by the ophthalmologist was 34.3 
weeks (SD 2.1 weeks). On average, the WinROP system 
identified the patients who developed ROP as high-risk 
4.7 weeks (SD 2.3 weeks) before the diagnosis was estab-
lished via standard means. The intervention, if necessary, 
followed the WinROP alarm on average by 10.2 weeks 
(SD 4.2 weeks). 

An overview of the groups including the data on the 
number of WinROP alarms and actual presence or ab-
sence of ROP of a certain Type is presented in Table 1. 
Notably, the results for ROP Type 1 and ROP Type 2 are 
very similar in that WinROP system triggered alarm in all 
cases with these types of ROP and, accordingly, no infants 
with these ROP types passed undetected by the system. 

Table 2 presents the test characteristics of WinROP 
for the entire group and subgroups. No infants with ROP 
were present in the group with low birth weight and no 
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Fig. 1. Distribution of prematurely born infants throughout the entire study group and in subgroups 
according to the presence and type of ROP.
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Table 1. Results of WinROP alarm compared to diagnosis established by standard means.

Group
WinROP 
result

ROP Type 1 ROP Type 1+2 ROP Type 1+2+3

Present
Not 

present
Total Present

Not 
present

Total Present
Not 

present
Total

Entire group
Alarm 16 130 146 24 122 146 94 52 146
No alarm 0 299 299 0 299 299 44 255 299
Total 16 429 445 24 421 445 138 307 445

Very preterm  
(GA 29 – 32)

Alarm 2 46 48 3 45 48 14 34 48
No alarm 0 270 270 0 270 270 28 242 270
Total 2 316 318 3 315 318 42 276 318

Extremely preterm
(GA ≤ 28)

Alarm 14 84 98 21 77 98 80 18 98
No alarm 0 29 29 0 29 29 16 13 29
Total 14 113 127 21 106 127 96 31 127

Low birth weight 
(>1500 g)

Alarm 0 0 0 0 0 0 0 0 0
No alarm 0 158 158 0 158 158 8 150 158
Total 0 158 158 0 158 158 8 150 158

Very low birth 
weight (1000-1499 g)

Alarm 1 44 45 1 44 45 19 26 45
No alarm 0 138 138 0 138 138 33 105 138
Total 1 182 183 1 182 183 52 131 183

Extremely low birth 
weight (<1000 g)

Alarm 15 86 101 23 78 101 75 26 101
No alarm 0 3 3 0 3 3 3 0 3
Total 15 89 104 23 81 104 78 26 104

Table 2. WinROP test characteristics including 95% Clopper-Pearson confidence intervals.

 Sensitivity Specifi city
Positive predictive 

value
Negative predictive 

value

R
eq

ui
ri

ng
 tr

at
m

en
t (

Ty
pe

 1
) Entire group 100.00% 

(79.41% - 100.00%)
69.70% 

(65.11% - 74.01%)
10.96% 

(6.40% - 17.19%)
100.00 % 

(98.77% - 100.00%)
Very preterm 100.00% 

(15.81% - 100.00%)
85.44% 

(81.06% - 89.14%)
4.17% 

(0.51% - 14.25%)
100.00% 

(98.64% - 100.00%)
Extremely preterm 100.00% 

(76.84% - 100.00%)
25.66% 

(17.91% - 34.74%)
14.29% 

(8.04% - 22.81%)
100.00% 

(88.06% - 100.00%)
Very low birth weight 100.00% 

(2.50% - 100.00%)
75.82% 

(68.94% - 81.85%)
2.22% 

(0.06% - 11.77%)
100.00% 

(97.36% - 100.00%)
Extremely low birth weight 100.00% 

(78.20% - 100.00%)
3.37% 

(0.70% - 9.54%)
14.85% 

(8.56 % - 23.31%)
100.00% 

(29.24% - 100.00%)

H
ig

h 
ri

sk
 (

Ty
pe

 1
+2

)

Entire group 100.00% 
(85.75% - 100.00%)

71.02% 
(66.43% - 75.31%)

16.44% 
(10.83% - 23.46%)

100.00% 
(98.77% - 100.00%)

Very preterm 100.00 % 
(29.24% - 100.00%)

85.71% 
(81.36% - 89.39%)

6.25% 
(1.31% - 17.20%)

100.00% 
(98.64% - 100.00%)

Extremely preterm 100.00% 
(83.89% - 100.00%)

27.36% 
(19.15% - 36.87%)

21.43% 
(13.78% - 30.87%)

100.00% 
(88.06% - 100.00%)

Very low birth weight 100.00% 
(2.50% - 100.00%)

75.82% 
(68.94% - 81.85%)

2.22% 
(0.06% - 11.77%)

100.00% 
(97.36% - 100.00%)

Extremely low birth weight 100.00% 
(85.18% - 100.00%)

3.70% 
(0.77% - 10.44%)

22.77% 
(15.02% - 32.18%)

100.00% 
(29.24% - 100.00%)

A
ny

 R
O

P 
(T

yp
e 

1+
2+

3)

Entire group 68.12% 
(59.65% - 75.79%)

83.06% 
(78.39% - 87.08%)

64.38% 
(56.04% - 72.13%)

85.28% 
(80.75% - 89.10%)

Very preterm 33.33% 
(19.57% - 49.55%)

87.68% 
(83.21% - 91.32%)

29.17% 
(16.95% - 44.06%)

89.63% 
(85.36% - 93.00%)

Extremely preterm 83.33% 
(74.35% - 90.16%)

41.94% 
(24.55% - 60.92%)

81.63% 
(72.53% - 88.74%)

44.83% 
(26.45% - 64.31%)

Very low birth weight 36.54% 
(23.62% - 51.04%)

80.15% 
(72.29% - 86.61%)

42.22% 
(27.66% - 57.85%)

76.09% 
(68.09% - 82.93%)

Extremely low birth weight 96.15% 
(89.17% - 99.20%)

0.00% 
(0.00% - 13.23%)

74.26% 
(64.60% - 82.44%)

0.00% 
(0.00% - 70.76%)



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2017 Mar; 161(1):111-116.

114

test characteristics were therefore calculated for that 
group. Sensitivity for both types of ROP with high risk of 
permanent damage to the retina (Type 1 and Type 2) was 
100% in all weight and maturity groups where it could be 
calculated. Similarly, the negative predictive value was 
100% in all instances. Due to small numbers of patients 
with Type 1 or Type 2 ROP in the “Very preterm” and 
“Very low birth weight” subgroups, however, the sensitiv-
ity values are not reliable as indicated by the wide 95% 
Clopper-Pearson confidence intervals. Specificity and 
positive predictive values in the entire group and sub-
groups for Type 1 and Type 2 ROP were however relatively 
lower, particularly in the “Extremely low birth weight” and 
“Extremely preterm” subgroups. 

Including the patients with Type 3 ROP in the analysis 
significantly reduced the sensitivity and negative predic-
tive value of the “Extremely low birth weight” group ap-
parently dropped to 0, which is however an unreliable 
value caused by small number of patients as indicated by 
the wide confidence interval.

DISCUSSION

As expected, the incidence of both ROP and serious 
ROP (Type 1 or 2) increased with lower birth weight and 
lower gestation age at birth. Altogether, 31% of infants 
born before GW 32 developed ROP in our study, only 14% 
of whom (4% of the total number) required treatment. 
Despite the fact that an exact comparison with Cryo-ROP 
and ETROP studies claiming that 65 – 68% of children 
with birth weight below 1250 g developed ROP (ref.41,42) 
is not possible due to different entry criteria, we can say 
that the incidence in our group was relatively low in com-
parison. Most likely, the difference can be related to the 
improvement in care for prematurely born infants over 
the last decade. Our results also correspond with results 
of more recent studies reporting an incidence in infants 
with birth weight below 1500 g ranging from 15% to 45%. 
According to those studies, intervention was only neces-
sary in 2 – 15% of infants2,4,7-9,14,43.

The WinROP system was originally developed for 
detection of preterm infants needing or potentially need-
ing treatment. In this respect, WinROP results were very 
reliable in our study group. All neonates who eventually 
developed Type 1 or Type 2 ROP were identified as “high 
risk” by the WinROP system before ROP was diagnosed 
by standard means. On average, the alarm was triggered 
10.2 weeks before ROP progressed into a stage when treat-
ment was necessary (minimum 2, maximum 21 weeks). 
On the other hand, the specificity and positive predictive 
values were lower, in particular in the groups of extreme-
ly preterm neonates and those with extremely low birth 
weight, and we recorded relatively high numbers of false 
positive alarms.

In our opinion, the negative predictive value could be 
considered the most valuable characteristic of the test. 
We can safely say that in our group, no infant undetected 
as “high risk” by WinROP developed Type 1 or Type 2 
ROP. In effect, this could mean that if we reduced the 

number of ophthalmologic examinations in infants who 
are not identified by the system (or even removed them 
from the ROP screening programme), no harm would be 
caused to any of the infants. Even if they had developed 
ROP, it would regress spontaneously. This could signifi-
cantly reduce the number of examinations, which would 
be a great benefit to the prematurely born infants (who 
would avoid the stress of examinations) as well as to the 
healthcare system (effecting costs savings). In our group, 
299 out of 445 patients (67.1%) could be safely removed 
from the ROP screening programme in this way.

Such use of WinROP would however have to be con-
firmed by further studies, on a larger number of patients. 
So far, our results are in accordance with the results 
from Sweden and USA reporting 100% sensitivity (and 
therefore, by induction, 100% negative predictive values) 
(ref.26,32,33,38-39) while studies from China, Mexico, Brazil 
or Korea34-37 reported sensitivity values ranging from 
85% to 95%. The WinROP system correctly identified 
all 24 infants requiring or potentially requiring treatment 
(Type 1 or Type 2). Two factors may be responsible for 
such differences. One of these is the factor of popula-
tion – the WinROP algorithm was based on the results 
from Sweden. There are likely similarities between the 
Swedish and Czech populations as far as general stature 
and growth are concerned. It is possible that with Asian 
or Latin American populations being generally of smaller 
stature, the WinROP system might need adjustment to the 
particular populations to provide valid results34.

The other factor contributing to the different WinROP 
outcomes may lie in differences in the quality of care for 
prematurely born neonates in Europe and the USA com-
pared to countries where such care may not be so readily 
available. The importance of this factor is supported by the 
fact that in our study (as well as in the studies from Sweden 
or USA), practically no neonates born after GW 29 devel-
oped serious ROP that would require treatment26,32,33,38-39 
while multiple cases requiring treatment were reported in 
the studies from Brazil, Mexico or China35-37.

In attempts to use the WinROP system for predicting 
development of ROP (type 1 – 3), all test characteristics 
decreased significantly. This is in accordance with the 
principal focus of WinROP system, which was developed 
to identify prematurely born infants with Type 1 or Type 
2 ROP. It is possible that including other variables in the 
system (such as oxygen therapy, respiration distress syn-
drome, etc.) could improve the detection rates even for 
lower risk ROP. On the other hand, the effect of such 
improvement is questionable since these low-risk patients 
need no treatment and as long as WinROP is capable of 
reliable identification of neonates who are not in risk of 
developing Type 1 or Type 2 ROP, it could still be a valu-
able tool for reducing the number of prematurely born 
infants needing regular ROP screening.

CONCLUSION

WinROP system reliably identified all prematurely 
born infants who developed Type 1 or Type 2 ROP, i.e., 
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all neonates who needed treatment or who were in high 
risk of developing treatment-requiring ROP. Although 
the specificity and positive predictive values were not 
particularly high, the 100% sensitivity and 100% negative 
predictive value showed that WinROP is a valuable tool 
for identification of preterm new-borns who are not in risk 
of developing serious ROP. Providing this is confirmed in 
larger studies, this could lead to a significant reduction 
of the number of preterm infants needing ROP screen-
ing, obviating stressful examinations and with economic 
benefit to the healthcare systems.
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