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Abstract
Objective: Since a new epidemic (third wave) of retinopathy of prematurity (ROP) sensed throughout theworld in recent years, we aimed to assess newer risk factors for advanced ROP which needs treatment inIranian neonates as a new target output of various neonatal care for this serious disease of newborn infantsespecially those born prematurely.
Methods:In an analytic cross-sectional study all neonates <1500 g birth weight and/or <32 weeks gestationalage admitted to our NICU as a tertiary level intensive care unit in Milad Hospital, Tehran, Iran during June2006-June 2007 were included. All data were extracted from medical records and compared in two groupswith or without treatment.
Findings:Seventy one neonate infants entered our study. Twelve neonates (16.9%) progressed to advancedROP. Final multivariate analysis model revealed that mean leukocyte counts during first 14 days of life(P=0.04), transfusions number (P=0.01) and hypocapnic episodes during first 14 days of life (P=0.02) weresignificantly different between the two groups of infants independently, even after simultaneous adjustment.
Conclusion:Based on our findings, more amenable risk factors should be approached regarding more carefulmodulation of such overlooked risk factors which may lessen the burden of prematurity.
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IntroductionRetinopathy of prematurity (ROP), formerlyknown as retrolental fibroplasia vascularproliferative disorder, is a topic of concern in thepremature infants that may lead to blindness[1,2].The more recently emerging treatment modalitiescombined with more careful control improvedsurvival rates in very premature infants in

developing countries and increased the rate ofROP severity[3,4]. With better treatment modalitiesand higher survival rates among very low birthweight (VLBW) infants as we anticipated,clinicians involved with neonatal care encounteron a more frequent basis, even predictablesequences of prematurity, which sometimes placea very heavy financial burden on the health caresystem. To make the suggested risk factors such as
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sepsis[5], severe fungal infection (SFI)[6-8], highnumber of transfusions[9], perinatal steroidsexposure[10], hypo and hypercapnea[11],hyperglycemia[12,13], apnea and bag/maskventilation after 2nd day, male gender[14], lipidwithin total parenteral nutrition (TPN)solutions[15], twins and triplets[16-18], intraventricular hemorrhage (IVH) and RespiratoryDistress Syndrome (RDS)[19] more explicit, weconducted this study in Milad Hospital as one ofthe largest hospitals with level III NICU in Iran.Our aim was to analyze the data set to identifysignificant risk factors for advanced-type ROP.
Subjects and Methods

PatientsWe designed our study as a retrospectivelongitudinal one collecting data from medicalrecords of Milad Hospital during June 2006-May2007. All infants with gestational age (GA) of <32wk and/or birth wieght (BW) of <1500 g, whosurvived beyond 4 weeks and/or completedophthalmic exams for ROP, entered our study(n=71). GA was assessed from obstetricultrasound and confirmed by clinical assessmentof infants based on New Ballard Score (NBS). Wedistributed the infants into two groups:Advancedor Surgical group (n=12) which included theinfants who underwent retinal surgery by eitherphotocoagulation or cryotherapy and the othergroup, non-surgical (n=59), included the infantswithout ROP or ophthalmologic findings severeenough to meet the criteria for retinal surgery.Based upon the policy of the hospital all parents orguardians had been approached regardinginformed consent and declaration as permission touse the contents of the medical records forresearch purpose. All participants in this studywere eligible for our research. This study has beenaccepted by the ethics committee of TehranUniversity of Medical Sciences and Milad Hospitaland all researchers undertook Helsinki’s treaty.
Definitions, terminology and medical proceduresSevere hypercapnea was considered as PaCO2 >80mmHg, hypocapnea as PaCO2 <30 mmHg,

hyperglycemia as BS >150 mg/dl, bacterial sepsisby either positive blood culture or cerebro-spinalfluid culture for any pathogenic bacteria duringfirst 14 days of life, chronic lung disease (CLD) asdescribed and staged by NIH workshop[20]. Furtherwe described necrotizing enterocolitis (NEC) asclinical diagnosis of staff neonatologist withabdominal X-ray consistent with NEC based onModified Bell’s stage in which stages IIIA, and IIIBwere separated as advanced stages[21] and IVHusing Papile staging in which stage III and IV areclassified as severe IVH[22]. Also, we definedadvanced ROP or treatment group regarding anylocation (zone), severity (stage), plus disease,extent and prethreshold or threshold ROP whichneeds treatments according to the latest AAPguidelines[23]. Severe RDS was our institutionalliberal definition for a clinical and radiographicdiagnosis of RDS being severe enough with at least3 days of first intubation and mechanicalventilation. In the TPN group we provided theinfants with admixture of lipid, protein andglucose in parenteral solution. We usually startedTPN from day 2 with glucose and protein, and lipidwas added to this regimen using peripherallyinserted venous catheter or via central veincatheter in prolonged cases that were stillmechanically ventilated. Granulocyte-colonystimulating factor (G-CSF) was started when theneonates were septic and leukopenic (absoluteneutrophil count <1500/μl). Only thoseadministered during first 10 days of life wererecorded. Dexamethasone was also used to treatCLD with short course regimen started at 0.1mg/kg q12h on day 1, 0.075 mg/kg q 12h on day 2and 0.05 mg/kg q12h on day 3 to lessencorticosteroids side effects and facilitateextubation and weaning from ventilator.
AssessmentsThe first ophthalmologic examination wasconducted by expert ophthalmologists atpostmenstural age (PMA) of 31 to 36 weeks bymeans of indirect funduscopy. Reports andsubsequent examinations were performed at thediscretion of ophthalmologist mostly adhered tothe International  Classifications of Retinopathy ofPremturity (ICROP) and  the American Academy ofPediatrics (AAP) guidelines[23,24]. Pupil dilationwas achieved by twice instilling one drop of
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phenylephrine 1% and one drop of tropicamide0.5% within a 5-minute interval. We used aglucometer for checking bedside blood sugar (BS)at least 3 times a day and serum BS was checkedsimultaneously if the device indicated high or lowBS. Testing frequency was based on testfindings:For glucose <40 mg/dl, every 2 hours andfor stable glucose >40 mg/dl, every 8 hours. Weadded 10% to the BS value for data recorded bythe glucometer in order to equalize it to serum BSas hemocells within the whole blood may consumethe glucose and lower BS. All preterm infants hadcerebral ultrasound examinations for IVH at thethird and seventh day of life (DOL) and werefollowed up based on our institutional protocols.Blood samples were extracted either throughumbilical catheters or direct peripheralarteriotomy or venotomy in order to evaluateleukocyte counts during first 10 days of life, BSand bilirubin during first 2 weeks. Moreover,initial arterial blood gas (ABG) and electrolyteswere recorded for all infants. Other laboratorytests were done if clinically indicated.
Statistical AnalysisIn descriptive analysis, the parameters such asfrequency, mean, and standard deviation (SD)were reported. The analytical procedures wereperformed using statistical tests. To test thedifferences between parametric and non-parametric variable means in the two groups ofstudy, the Independent t-test and Mann-Whitney
U-test were used, respectively. A Chi2 statisticaltest was also used to evaluate the possiblestatistical differences in the distribution ofqualitative variables among different groups of thestudy. In addition, Cochran’s test was used toevaluate the confounding effects of qualitativevariables.Receiver operating characteristics (ROC) curveanalysis was also performed to assess thepredictability of advanced ROP with quantitativevariables of the study, and then to compare thearea under curve (AUC) of these variables. Thecutoff points were determined in each ROCanalysis based on Youden’s index in order todetermine highest value from summation of(sensitivity) and (specificity-1). Finally, binarylogistic regression analysis was performed inorder to evaluate the potential role of different

risk factors to predict advanced ROP as a binaryoutcome. For this purpose, a maximum number of6 variables (with clinical or statistical significancein previous univariate analysis) were included inthe model each time (less than 10% of the cases).Backward stepwise (Likelihood Ratio) model wasperformed in logistic regression analysis.Thereafter, the Nagelkerke R Square index wasused in order to compare the strength of eachpredicting model.A 5 percent probability of a type I error (two-tailed), and a power of 80 percent wereconsidered in the analysis. All reported P-valuesare two-tailed and a P-value of <0.05 wasconsidered significant.
Findings

Baseline CharacteristicsAfter exclusion of 67 (Death=21, incompletefollow up=20, digital files number and file namemismatch=7, unavailable files=19), seventy oneinfants met the criteria for inclusion in the study(out of the 138 VLBW infants born). There were38 (53.5%) boys and 33 (46.5%) girls with themean gestational age and birth weight of 30.17(SD=2.47) wk and 1234 (SD=232) g, respectively.The mean Apgar scores of these neonates were5.94 (SD=1.83) and 7.55 (SD=1.57) in the first andfifth minutes, respectively.Regarding the results of subsequentexaminations, advanced ROP occurred in 12(16.9%) of VLBW infants requiring furtherintervention; while this in the other 59 neonatesdid not occur. Six infants out of 15 (40%) with GA≤28 wk had  advanced ROP, while this frequencydecreased to 10.7% (6 out of 56) in neonates withGA >28 wk. We started G-CSF for 5 infants insurgical group vs 6 infants in a non-surgical ROPgroup. Two septic infants out of total 12 infants insurgical group and one infant in non-surgical ROPgroup were provided with domapine ±dubotaminedue to hypotension during severe sepsis. Ourstudy displayed that elevated leukocyte countduring first few days of life in premature neonatesand especially mean WBC>11.100/μl possesseshigh risk for advanced-ROP [sensitivity: 69%,
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specificity: 77%, positive predictive value (PPV):42.8% and negative predictive value (NPV): 92%].
Univariate analysis of risk factorsDifferent gestational and neonatal factors wererecorded and compared between the two groupsof infants (Table 1). As shown in Table 1,gestational age, birth weight, gender distribution,Apgar scores in both the first and fifth minutes,massive transfusion, serum WBC counts, bothhypercapnic and hypocapnic episodes,administration of G-CSF, sepsis, severe fungalinfection, postnatal steroid administration, IVH,severe RDS, TPN with lipid administration andhyperglycemic episodes were significantlydifferent between the infants without advanced

ROP and the neonates with advanced ROP.Longitudinal evaluation of blood sugar within14 days of follow-up is illustrated in Fig. 1. Themean BS was significantly higher on the 3rd day ininfants with advanced ROP (133.08 vs. 93.39mg/dl, P=0.03).Univariate analysis displayed risks for advancedROP related to male gender (OR=5.54, 95%CI:1.12-27.47), transfusion more than 4 times or>60 cc/kg (OR=30.80, 95%CI:3.66-259.26),receiving postnatal steroid for CLD treatment(OR=5.40, 95%CI:1.19-24.44), early introductionof lipids to parenteral nutrition package (≤6 daysafter birth) (OR=17.22, 95%CI:2.08-142.43),bacterial sepsis (OR=4.36, 95%CI:1.18-16.13), useof G-CSF (OR=6.31, 95%CI:1.52-26.23) and
Table 1: Demographic and follow-up variables of two groups

Variable
Non-ROP or ROP I/II

(n=59)
ROP III/IV

(n=12)
P-value

Gestational age (wk) 30.63 (2.33) 27.92 (1.88) <0.001
Gestational age groups

≤28 weeks>28 weeks 9 (15.3%)50 (84.7%) 6 (50%)6 (50%) 0.007
Birth weight (g) 1278 (215) 1014 (185) <0.001
Gender % BoyGirl 28 (47.5%)31 (52.5%) 10 (83.3%)2 (16.7%) 0.03
Delivery % Normal Vaginal DeliveryCesarean Section 48 (81.4%)11 (18.6%) 8 (66.7%)4 (33.3%) 0.3
Perinatal Problems % Pre-eclampsiaTwinTriplet 13 (22%)13 (22%)4 (6.8%) 3 (25%)2 (16.7%)1 (8.3%) 0.810.8
Apgar score [mean(SD)]

First minuteFifth minute 6.30 (1.53)7.80 (1.43) 4.18 (2.23)6.36 (1.75) <0.0010.005
Transfusion status

Mean number0-3 times %≥4 times % 2.39 (2.88)43 (72.9%)16 (27.1%) 10.83 (7.67)1 (8.3%)11 (91.7%) 0.003<0.001
Mean leukocyte count (/μL) 8510 (2710) 12268 (4554) 0.02
Hypercapnea (Episodes/patient) 0.69 (2.37) 2.42 (3.82) 0.04
Hypocapnea (Episodes/patient) 0.73 (1.58) 4.58 (5.30) 0.03
Use of G-CSF††† % 6 (10.2%) 5 (41.7%) 0.006
Sepsis % 11 (18.6%) 6 (50%) 0.02
Severe Fungal Infection % 0 2 (16.7%) 0.03
Steroids administration % PrenatalPostnatal 12 (20.3%)5 (8.5%) 3 (25%)4 (33.3%) 0.70.04
Apnea leading to bag/mask

ventilation % 5 (8.5%) 3 (25%) 0.1
Intraventricular Hemorrhage % Grade 0-2Grade ≥3 59 (100%)0 10 (83.3%)2 (16.7%) 0.03
Necrotizing Enterocolitis % 2 (3.4%) 2 (16.7%) 0.07
Total Parenteral Nutrition with lipids % 23 (39%) 11 (91.7%) 0.001
Vasopressor  infusion % 1 (1.7%) 2 (16.7%) 0.07
Glycemic status [Mean glucose(SD)] (mg/dl) During 14 daysOn 3rd dayOn 12th day 105.06 (39.60)93.39 (51.72)140.61 (61.10) 104.38 (39.32)133.08 (64.90)89.71 (32.66) 0.90.030.06
Hyperglycemia (Episodes/patient) 1.44 (1.91) 5.58 (4.94) 0.01ROP: Retinopathy of prematurity; SD: Standard Deviation; G-CSF: Granulocyte Colony Stimulating Factor
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Fig. 1: Evolution of blood sugar during 14 days of follow-up in neonates without ROPor ROP stage I/II (black line) and ROP stage III/IV (gray dotted line) (* P<0.05)
developing severe RDS (OR=4.5, 95%CI:1.23-16.23).However, the variables including route ofdelivery, perinatal problems, total mean glucoseduring the complete first 2 weeks of life, twins,multiple births, NEC, apnea leading to bag/maskventilation and prenatal steroids were notsignificantly related to advanced ROP inunivariate analysis (P>0.05).
Interaction analysisAfter controlling for the confounding effects ofsepsis (P=0.002) and G-CSF administration(P=0.001) by Cochran’s test, mean WBC>11.100/μl is still an independent risk factor foradvanced ROP. On the other hand, whileevaluating the association between G-CSFadministration and advanced ROP in patients with

WBC >11.100/μl no significant relationship wasobserved (P=0.2).
ROC curve analysisROC curve analysis revealed that gestational age(P=0.003), birth weight (P=0.001), Apgar scoresin both the first (P=0.009) and fifth minutes(P=0.03), number of transfusion (P<0.001), serumWBC counts (P=0.006), hypercapnic (P=0.02) andhypocapnic episodes (P=0.001), level of bloodsugar on 3rd day of life (P=0.01) and the numberof hyperglycemic episodes (P=0.006) hadsignificant diagnostic values to differentiateinadvanced from advanced cases (Table 2).
Multivariate binary logistic regression analysisAfter the enrolment of different significantvariables of univariate analysis in Backward

Table 2: ROC analysis of different demographic and follow-up quantitative variables to differentiate non-ROP or ROPI/II from infants with ROP III/IV
Variable

Cut-Point
value

Sensitivity Specificity
Area Under
Curve (AUC)

P-value

Gestational age (wk) 28 90.7% 54.5% 0.794 0.003
Birth weight (g) 1060 83.3% 63.6% 0.823 0.001
Apgar score First minuteFifth minute 47 98.1%87% 54.5%72.7% 0.7590.718 0.0090.028
Transfusion numbers 4 90.9% 73.8% 0.867 <0.001
Mean leukocyte count (/μL) 83751110013050 90.9%63.6%54.5% 57.1%78.6%92.9% 0.773 0.006
Hypercapnea (Episodes/patient) 2 54.5% 88.1% 0.728 0.021
Hypocapnea (Episodes/patient) 2 63.6% 88.1% 0.825 0.001
Glycemic status
Mean glucose on 3rd day (mg/dl) 83.5145.5 90.9%54.5% 54.8%85.7% 0.742 0.014

Hyperglycemia (Episodes/patient) 3 63.6% 90.5% 0.773 0.006*ROP: Retinopathy of prematurity
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Fig. 2: Comparison of the area under curve (AUC) of the number of transfusions (black line), serum leukocyte counts(gray line) and episodes of hypocapnea (black dash) to distinguish non- retinopathy of prematurity (ROP) or ROP I/IIinfants from the ones with ROP III/IV(AUCTransfusion >AUCHypocapnea >AUCWBC)
stepwise (Likelihood Ratio) model, the finalmultivariate regression analysis (R2=0.769,
P<0.001) retained the variables including meanleukocyte counts (P=0.04), massive transfusion(P=0.01) and hypocapnic episodes (P=0.02);which were significant after simultaneousadjustment and independently predictedadvancedROP (Table 3). The AUC of these risk factors arealso compared with each other in Fig. 2.
DiscussionIn this study we entered a relative large number ofvariables regarding advanced ROP occurrence. We

tried to find out the independent predictorvariables and the dependent predictor variables aswell. To the best of our knowledge, it is the firstarticle to review risk factors regarding requiringtreatment of ROP in premature infants by eithercryotherapy or laser manipulation. The prevalenceof advanced ROP was 16.9% in our patients whichis somehow lower than in a previous study fromIran by Karkhaneh et al (22.6%)[25]. Previously,prevalence rates of 8% to 29% was reported fromIran. This incontinency may be best explained bydiverse inclusion criteria with different GA andBW thresholds[26-29].Another study by Mutlu et al in Turkey showedthat the frequency of ROP was 37.1% for any stageand 7.2% for stage 3 or greater in VLBWinfants[30]. Despite the lower frequency of severe
Table 3: Multivariate binary logistic regression analysis of different variables to predict the occurrenceof retinopathy of prematurity III/IV in very low birth weight infants

Variable Exp (B) 95% CI for Exp (B) P-value
Mean leukocyte count 1.00 1.000-1.001 0.04
Transfusion 1.54 1.103-2.149 0.01
Hypocapnea 1.84 1.097-3.096 0.02
Constant 0.000 0.001R2=0.769, P<0.001 / CI: Confidence Interval
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ROP in their study, the cut-point value for GA toinclude premature cases was 34 wks. Consideringexclusion of a relative large number of infants(n=67) may have biased our final information andsome causal relationships inevitably may be eitheroverestimated or underestimated.As previous studies showed, ours too revealsthat low GA, low birth weight and male gender areinevitable risk factors for advanced ROPprogression among very premature infants [14,24,25].Low Apgar scores especially <4 in first minuteand <6 in fifth minute which may lead toresuscitation with ambobag, chest compressionand medications are the first red flags for morecareful attention to ROP follow up as these factorsinfluence intra-thoracic pressure and whole bodyand especially retinal and brain blood circulation.We found out the mean leukocyte count duringthe first 10 DOL was significantly higher in infantswith  advanced ROP compared to the remaininginfants without advanced ROP. This retinaldamages may be due to inflammatory responsesby WBC.Our results displayed that SFI and bacterialsepsis may predispose to advanced ROP. One ofthe infants with SFI received postnataldexamethasone. However, more research isneeded to explore the real correlation between SFIand advanced ROP and postnatal steroidsexposure. The exact mechanism by which
C. albicans increases the ROP is not clear and yetto be understood[6].The administration of G-CSF was significantlyhigher in surgical ROP group (5/12 infants vs6/59). This product increases total count withstimulation of bone marrow to release these cells.Immature WBCs which could encompass toxicgranules due to immaturity may cascade asystemic and especially local inflammatoryresponses in retina and ultimately lead to celldamage in the eyes. Conclusively, according to thesignificant difference in advanced ROP occurrencebetween two groups, we hypothesized that thisadjunct therapy for septic leucopenic infants maybe harmful for the retina by abrupt increase inWBC count and probably increase risk foradvanced ROP progression.Early initiation of TPN adding multipurpose10% lipid vials showed a higher incidence of ROP

in our institute. This may be due to a greaternumber of free radicals after lipid introduction.Some studies showed that protection of TPNsolutions from light may lessen free radicals,augment stability of the vitamins added tosolutions[31-33].We also compared a group of infants that had atleast one apneic episode leading to bag/maskventilation after the first DOL, with infants withoutany apneic episode during hospital stay. Cerebralblood flow fluctuation or drugs used for neonatalresuscitation may negatively affect retinal bloodflow with increased risks for ROP.The number of transfusions including wholeblood and packed cells were also assessed for riskestimation. However, usage of fresh frozen plasma(FFP), platelets and intravenous immunoglobins(IVIG) were excluded from our analysis. There wasa significant increased incidence of advanced ROPin infants with ≥4 transfusions; this may becontrolled by reducing unnecessary phlebotomiesand implementation of some new smaller volumeanalysis methods.Hypocapnea and hypercapnea are frequentevents in ventilated infants during remedialcourse. As blood carbon dioxide tension (PaCO2)may influence blood flow regulations within tinyvessels of the retina and cerebrum, we recordedPaCO2 of the first 14 DOL according to ABGanalysis. Frequency of ordered ABG was basedupon clinical status of infants and the changes inventilator settings. The number of hypocapnic andhypercapnic episodes were compared during thefirst 2 weeks of life in the two groups with andwithout advanced ROP. If they were off ventilator,clinically stable and had no ABG, it was consideredto be within normal ranges. As higher numbers ofhypercapnic and hypocapnic episodes wererelated to increased incidence of advanced ROP,ventilation strategies which permit PaCO2 to reach80 mmHg or higher are not recommended.Hyperglycemia is a common occurrence inVLBW infants. The important role ofhyperglycemia induced vasoproliferative retino-pathy has been widely studied in adults[34,35]. Somenewer studies proposed sweet blindness inneonates as well as adults[12]. Measuring averageserum blood glucose for the first 2 weeks of lifedisplayed no significant results in our study.
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However, the calculated power was low (45%)and this may be due to low sample size of infantswith  advanced ROP to demonstrate thesignificance of the difference in the mean bloodglucose of the first 2 weeks between the twogroups of study. On the other hand, mean glucosein 3rd DOL was significantly higher in surgicalgroup; while the mean BS of the 12th day wassignificantly lower in this group. This mayemphasize that in comparison with the mean BS offirst 14 DOL, the fluctuation in serial blood sugarmeasurements may be a more important riskfactor.It seems that sweet blindness, which is widelystudied in adult diabetic patients, may need to bereviewed more carefully in neonatal population.When hyperglycemia occurred, the glucoseconcentration was first lowered to no less than 5%in the ultimate solution, and then insulin infusionwas started. According to the above findings, tightglucose control and insulin infusion may preventfurther retinal neovascularisation[36].Prenatal administration of steroids(dexamethasone or betamethasone) did notincrease risk of ROP, but postnatally, for chroniclung disease (CLD) treatment had some importantside effects on the retina as more infantsprogressed to advanced ROP.During recent years, an increasing number ofmultiple pregnancies was observed due to the useof assisted reproductive techniques (ART) whichincreased premature births, low BW and low GAdeliveries[37]. In our study we did not find asignificant correlation between multiple birthsand ROP in agreement with previous studiesconcluding that multiple pregnancies did not seemto be an independent risk factor for ROP[18].Finally, since early reports of the toxicity ofoxygen, most frequently administered drug inNICUs, many modifications to optimizing oxygentherapy in premature infants has been made inrecent decades. Since early sixties, liberal use ofoxygen had been condemned by manyauthorities[38] and also many studies introducedoxygen as a main risk factor to progress to severeROP even in the case of progression of laser-treatedretinopathy of prematurity to retinal detachment[5].Our study displayed disparate results from Bourlaet al research. They concluded that premature

infants with the history of sepsis, oxygen therapy,mechanical ventilation, RDS, and PDA have ahigher risk for failure of laser therapy andconsequent retinal detachment; in which bloodtransfusion had minimal effect and RDS wasintroduced as a significant risk factor. Surprisinglyour study failed to clarify RDS, mechanicalventilation and concomitant oxygen toxicity as onemajor and independent predictor. Consideringreports of severe ROP cases with minimal oxygenexposure[39], such dogmatic over-emphasis onsuperior importance of oxygen toxicity saluted byall other predictor risk factors may better beretestified. Also, we did not enter separatelyoxygen requirement and mechanical ventilation astwo well-known potent risk factors and there maybe some statistically selection bias in finalmultivariate binary logistic regression analysesreports. Neonates were divided by eitherrequiring treatment or not. As another limitationof the research, no comparison accomplished forother stages of ROP due to inaccurate andimprecise recorded description and staging of theneonates for whom medical care and follow-upsother than treatment were presumed. Moreover,considering excluding a relative large number ofinfants (n=67) mainly for death may have biasedour final information and some causalrelationships inevitably may be eitheroverestimated or underestimated. Currently noproven strategies and methods are available toprevent ROP. Various interventions to prevent orlimit the progression of ROP have been introducedwithout clear benefits, although further evaluationmay be needed. Since oxidative injury has beeninvestigated, more potent antioxidants besidesvitamin E, D-penicillamine and others may bepreventive and attenuate serious ROP sideeffects[40,41]. Specifically, augmentative role of N-acetyl cyteine on antioxidative system and nitricoxide[42] and anti-venous endothelia growth factor(VEGF) medication preventing the progression tosevere ROP may be an interesting topic for futureresearches. In our study, in addition to many otherpreviously well-known risk factors, we found astrong relation between mean leukocyte count,massive transfusion, administration of G-CSF,hypercapnic and hypocapnic episodes withadvanced ROP.
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ConclusionIn conclusion, controlling for more suitableventilator strategies, judicious use of G-CSF, betterTPN solutions, careful glucose control, moresuitable CLD treatment protocols and lessphlebotomies may warrant a better prognosis ofROP in VLBW infants. More extended studies infuture by other researchers may determine theexact role of hyperglycemia and also hypoglycemiaas two common events during first few days of life,regarding ROP. A better understanding of possibleimpact of systemic inflammation and especiallylocal inflammatory responses either humoral orcell mediated in retina would be obtainedfollowing bacterial and fungal infections or G-CSFadministration by conducting animal retinalpathology studies.
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