
AbsTrAcT

Purpose:  The purpose of this study is to determine the va-

lidity of the retinal detachment open globe injury (RD-OGI)

Score in the prediction of RD development after OGI as well

as to make recommendations on how to use the RD-OGI

Score for clinical decision-making, research and counselling

eye trauma patients regarding likelihood of RD develop-

ment.

Design: Cohort study.

Participants: 231 patients who presented to Eye Trauma

Service of the Western Eye Hospital (London,UK), King's

College Hospital (London,UK) and Massachusetts Eye and

Ear Infirmary (Boston,USA) from 1 January 2012 to 31 Jan-

uary 2014 with open globe injury.

Methods: A validation cohort was established by retro-

spectively reviewing the outcomes of 231 open globe in-

juries. The unconditional logistic regression was undertaken

to evaluate optimal predictive value of RD-OGI Score. The

sensitivity, the specificity, positive predictive value (PPV),

negative predictive value (NPV) and probability of RD de-

velopment were assessed for each RD-OGI Score cut point.

RD-OGI Scores were stratified into three risk classes: Low

Risk, Moderate Risk, and High Risk of RD development.

Kaplan-Meier survival analysis for time to RD was plotted.

A log-rank test was used to test differences in survival ex-

perience between risk classes.

Main Outcome Measure: Progression to retinal detach-

ment. 

Results: A total of 66 eyes were ultimately diagnosed with

RD after open globe trauma in the validation cohort at 365

days. Regression modelling indicated that RD-OGI Score

performs the best in predicting RD for the 30-day follow-up

time point (AUC=0.939, AIC=108.8). However, this Score

also performed extremely well at every other time point. The

Low Risk Class was designated to be RD-OGI Score 0-1.5

and none of the patients developed RD in Low Risk Class

over 365 days. Moderate Risk Class was designated as RD-

OGI Scores 2.0 through 4.0 with probability of RD of 11-

20% at all time points, and High Risk Class at scores 4.5

through 7.5 with probability 66-78% at all time points. Sur-

vival experience was statistically significantly different de-

pending upon the risk stratification (Log-rank chi-square =

110 on 2 degrees of freedom, p = 0.0000).

Conclusions: The RD-OGI score can reliably predict the

future development of detachment based on clinical vari-

ables that are seen at the time of initial presentation after

traumatic injury. The Score can be stratified into three risk

classes: Low, Moderate and High with different probabilities

of RD development, RD prevalence and survival experi-

ences among classes. 

Key words: retinal detachment, open globe injury, RD-

OGI score.
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Despite advances in vitreoretinal surgery, open globe in-

jury (OGI) still remains a common cause of visual loss with

more than 200 000 such injuries occurring each year world-

wide1 and 3.81 per 100,000 people in the United States2.

Prognosis of an OGI depends on several factors, and many

studies have shown that retinal detachment (RD) is associ-

ated with especially poor visual outcome3-5. Roughly, every

third patient with OGI will subsequently develop retinal de-

tachment (RD), with 27% retinas detached within 24 hours

47% detached within 1 week, and 72% detached within 1

month of primary open globe repair5.

The heterogeneity of the injuries of ocular trauma makes

it difficult to interpret the results with respect to prediction

and prevention of further complications. Stryjewski et al.5

described the Retinal Detachment after Open Globe Injury

(RD-OGI) Score, a simplified categorical system for stan-

dardized assessment of development of retinal detachment

after OGI. The score is composed of 3 variables assessed at

the time of presentation: visual acuity (VA), zone of injury

and presence or absence of vitreous haemorrhage (VH). 

The purpose of this study is to determine the validity of

RD-OGI Score in the prediction of RD development after

OGI as well as to make recommendations on how to use the

RD-OGI Score for clinical decision-making, research and

counselling eye trauma patients regarding likelihood of RD

development.

METHODs

A retrospective review of 231 charts of patients that pre-

sented to the Eye Trauma Service of the Western Eye Hos-

pital (London,UK), King's College Hospital (London,UK)

and Massachusetts Eye and Ear Infirmary (MEEI) from 1

January 2012 to 31 January 2014 with open globe trauma

was conducted. Data were abstracted for patients for a 12-

month period (e.g. data from patients from presenting in Jan-

uary 2012 were recorded through December 2012) except

for patients who presented to clinic between August 2013

and January 2014, whose data were included in the study up

to July 2014. The study period of 1-year was established

based on literature that demonstrates 95% of post-trauma

RD occurs within one year after OGI5 and 97% of patients

that develop RD within 1 year after OGI are identified

within 6 months (unpublished data). 

DATA cOLLEcTED

Demographic and clinical data from these charts were ab-

stracted entered into a database (Medisoft in UK centres) in

Microsoft Excel. Variables abstracted included age at pres-

entation, sex, date of injury, and the following initial clinical

findings: VA at presentation, zone of injury, presence of VH.

How these were assessed clinically has been published else-

where5. In addition, date of RD diagnosis was recorded if

RD took place during the study period. Dates and indications

for secondary surgery and last date of follow-up were also

recorded. Cases of RD were clinically followed after RD di-

agnosis, but since RD was the endpoint in this analysis, the

time after RD was not included as follow-up in this study.

Those who did not develop RD were censored at last fol-

low-up date or at 365 days post-presentation, whichever was

earlier.

PArTIcIPANTs

Participants were excluded from the analysis if they met

certain exclusion criteria. Patients who were blind before

OGI (as defined as NLP before injury, complicated past oc-

ular history and ocular comorbidities) were not included in

the analysis. Patients suffering bilateral injury were also ex-

cluded from the analysis due to incomparability with the rest

of the sample, as were patients with very severe eye damage

(workup not pursued). Patients with current scleral buckle

were excluded because they may have a different level of

risk for RD. In addition, patients who could not be assessed

for the components of the RD-OGI (e.g., due to dementia,

some paediatric patients) were also excluded. Finally, pa-

tients lost to follow-up within 7 days, and patients missing

any component of the RD-OGI (VA, zone, or VH) from their

record were excluded from the analysis.

sTATIsTIcAL ANALYsIs

The RD-OGI Score was calculated for all patients meeting

criteria; those missing any component of the RD-OGI were

removed from the dataset. Descriptive statistics about the

components of the RD-OGI and of other variables were con-

sidered. Baseline characteristics of original and validation

cohorts were compared. For survival analysis, an optimal

time period needed to be selected. To choose the optimal

time period, predictive value of the RD-OGI at the several

time points was compared, and the time point where the RD-

OGI was most accurate at prediction of RD development

was selected. 

Typical time points for follow-up appointments who sus-

tained OGI are: post-operation day 1 (POD1), post-operation

week 1 (POW1), POW3, POW6, post-operation month 1

(POM1), POM3, POM6 and POM12. For logistic regression

modelling, the following time points were chosen that

closely correspond with some of the above-mentioned fol-

low-up time points: 30 days post-presentation (correspond-

ing closely with POM1), 60 days, 90 days (corresponding

with POM3), 120 days, 180 days (corresponding with

POM6), and 365 days post-presentation (corresponding with

POM12). Because primary globe repair typically occurred
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within hours of the patients presenting to the hospital, the

time to diagnosis calculations remained virtually unchanged

if “time of presentation” or “time of globe repair” was cho-

sen as the starting time.

In order to evaluate the optimal predictive value of the

RD-OGI, unconditional logistic regression was undertaken

and the predictive value at several time points was compared

with the following equation:

where p is the proportion of patients with RD by the end

of the time period and x as the RDOGI score.  

Receiver-operator curves (ROC) and area under the curves

(AUC) were the main considerations for model fit.  The area

under the ROC curve is a measure of overall predictive dis-

crimination, which is defined in this study as the ability to

separate those patients who had RD from those that did not.

An ROC curve area of 0.5 indicates no discrimination, and

an ROC curve area of 1.0 indicates perfect discrimination.

The time period of the model with the highest AUC was se-

lected as the time period for which RD-OGI Score is the best

predictor (“optimal time period”). Next, the sensitivity, the

specificity, positive predictive value (PPV) and negative pre-

dictive value (NPV) were calculated for each RD-OGI Score

cut point at the optimal time period. Sensitivity is proportion

of actual positive cases correctly identified by test while

specificity measures proportion of negatives correctly iden-

tified as such. Perfect predictor would be 100% sensitive and

100% specific. Distribution of patients at each score level

was analyzed and probability for RD development was as-

sessed per each score individually at day 30, 90, 180 and

365. RD-OGI Scores were then classified into three classes:

Low Risk, Moderate Risk, and High Risk of RD. Selection

of cut points for risk stratification was made considering sen-

sitivity, specificity, probability of RD development in each

class, RD prevalence as well as clinical considerations. 

Kaplan Meier survival analysis for time to RD was plotted

for the entire sample and also was stratified by risk classifi-

cation using the 90-day endpoint. A 90-day window for the

plot was chosen because nearly all cases of RD occurred

within 90 days of trauma and day 90 corresponds to a fol-

low-up time point 3 months after globe repair (POM3). A

log-rank test was used to test differences in survival experi-

ence between risk classes.

Alpha was set at 0.05. All statistical analyses were per-

formed R2.  The pROC3 library was used to generate ROC

curves, and the survival library was used to generate Ka-

plan-Meier plots.

rEsULTs

Of  231 patients who presented to the Western Eye Hos-

pital, King's College Hospital and MEEI from January 2012

to January 2014 with open globe trauma, a total of 184

(80%) had data that met criteria and were included in the

analysis. Demographic characteristics are presented in Table

1. Of all patients analyzed, 78% were men and 22 % were

women; mean age was 44.3 years (±SD 22.6 years). Patient

diagnosed with RD were on average older (mean age 48.9

vs 41.7). Mean follow-up time for all participants was 124.8

days (±SD 128.8 days, see Table 1); mean follow-up for pa-

tients who developed RD was 17.0 days (±SD 23.7 days),

and for those who did not develop RD, mean follow-up time

was 185.0 days (±SD 124.0). Since the outcome in our study

was RD, follow-up time for subjects diagnosed with RD was

not included in this analysis for the period after they were

diagnosed, which explains shorter follow-up interval in this

group reported in Table 1.

Table 1. Demographic Characteristics of Population

RD-OGI Score gives points based on the three clinical

findings observed at the time of initial presentation: VA,

zone of injury, and presence or absence of VH (see Table 2).

The score 0 is associated with VA better than Count Finger

(CF), Zone I of injury and absence of VH. Vision of CF

gives 1 point, Hand Motion (HM) 2 points, Light Perception

(LP) 2.5 point and No Light Perception (NLP) 3.5 point.

Zone II gives 0.5 point and Zone III, 2 points. If VH is pres-

ent, 2 points are counted. The lowest possible score, 0, is

when there is no VH, Zone I of injury and VA better than

CF; the highest possible score is 7.5: NLP vision, Zone III

injury, and presence of VH. Components of the RD-OGI

Score as well as baseline characteristics of validation and

original cohorts are also presented in Table 2.

Additionally,Table 2 shows the prevalence of particular

components of the RD-OGI Score in the original and vali-

dation cohorts. It is notable that in terms of these compo-

nents, the original and validation cohorts are very

comparable, suggesting that the validation cohort is appro-

priate for this study.  
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Table 2. Components of RD-OGI Risk Score and Base-

line Characteristics of Original and Validation Cohorts.

Additional characteristics of validation cohort are also pre-

sented in Table 2. At presentation, patients who developed

RD were more likely to have poorer VA (LP or NLP), less

likely to have VA ≥20/40, more likely to have higher Zone

of injury (Zone III) or VH present when compared to pa-

tients who did not develop RD.  Those observations are in

agreement with observations from original cohort. 

Although the validation cohort was followed up to a year,

RD usually occurred within several weeks after the injury.

In fact, the longest time to RD in our cohort was 133 days.

The results of logistic regression models comparing different

time points are provided in Table 3. Regression modelling

indicated that RD-OGI Score performs the best in predicting

RD for the 30-day follow-up time point (AUC=0.939,

AIC=108.8). However, this Score also performed extremely

well at every other time point up to 365 days with minimal

differences in AUC (60-day AUC=0.936, 90-day

AUC=0.935, 120-day AUC=0.935, 180-day AUC=0.935

and 360-day AUC=0.935). Of note, since no RD occurred

in validation cohort after 133 day, outcomes for the 180- and

365-day models in this study are identical.

The ROC curve for the model for the 30-day follow-up

time point is presented in Figure 1. 

Table 3. Unconditional Logistic Regression Models at

Different Time Points.

Figure 1: ROC Curve for 30-days Follow-up Time Point

(AUC=0.939).

RD-OGI Score was calculated individually for each pa-

tient, and since the RD-OGI Score predicts RD the best at

30 days, sensitivity, specificity, PPV and NPV were calcu-

lated for each RD-OGI Score level at 30 days (see Table 4).

Sensitivity, specificity, PPV and NPV were also calculated

for other time points, but because they demonstrated very

minimal differences compared to 30-day calculations, they

are not included. Number and percentage of patients per

each score level is provided. Table 4 shows also the Risk

Score Class stratification. Table 5 shows number of patients

(n) and probability (%) of RD development at particular time

point of 30, 90 and 365 day per each score level and per

Score Class. The Low Risk Class was designated to be RD-
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OGI Score 0-1.5.  This is because all patients in this class

did not develop RD and because of high sensitivity (100%)

and high accuracy since NPV, ability to correctly identify

population not at risk, was noted to be 100%.  It is true that

all patients scoring exactly 2.0 in RD-OGI also did not de-

velop RD in our cohort, but because a patient can get a score

of 2.0 simply from having VH (see Table 2), the score of 2.0

was not included in Low Risk, because VH itself is a strong

risk factor for RD.  

Moderate Risk class was designated as RD-OGI Scores

2.0 through 4.0, and High Risk was designated 4.5 through

7.5. The cut point for High Risk was set at 4.5 because this

yielded a high prevalence of RD and high probability of get-

ting RD at all time points (66% - 78%, see Table 5), while

keeping the prevalence and probability of getting RD in the

Moderate Risk Class much lower (11% to 20%). Addition-

ally cut point 4.5 yielded relatively high specificity (91%)

and sensitivity (81%). PPV in High Risk Class was noted to

be 66-88% depending on score level. At 30-day, 9% of all

patients who developed RD were classified in Moderate

Risk Class and 91% in High Risk Class, at 365-day 15% and

85% respectively. Interestingly, all patients that developed

RD after 365 days were identified and RD-OGI Scores were

calculated; all those patients were identified as Moderate or

High Risks Class on initial presentation (ongoing project).

Table 4. Sensitivity, Specificity, Positive Predictive Value

(PPV) and Negative Predictive Value (NPV) for each Score

Level at 30 days. Score Classes of Low, Moderate and High

Risk for RD Development after OGI.

Table 5. Score Classes of Low, Moderate and High Risk

for RD development after OGI at particular time points;

number of patients (n), and probability of RD development

(%) per score level and Score Class included. 

Since one of follow-up time points at our clinic is 3

months after surgery (POM3) and majority of the patients

who developed RD were diagnosed within 3 months after

injury, Kaplan-Meier survival curves are presented for 90

days after ocular trauma (see Figure 2). Figure 2a shows the

survival curve for the entire cohort, while Figure 2b shows

the different survival experience by Risk Class stratification.

Importantly, survival experience was statistically signifi-

cantly different depending upon risk stratification into Low,

Moderate and High Risk Class (Log-rank chi-square = 110

on 2 degrees of freedom, p = 0.0000).
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Figure 2: Kaplan-Meier Curve for 90 Days 

(2a) – Entire cohort and (2b) – stratified by Risk Classes: Low

Risk, Moderate Risk and High Risk Class

DIscUssION

The RD-OGI Score is valid for predicting RD develop-

ment after OGI in a cohort of patients presenting to the West-

ern Eye Hospital, King's College Hospital and

Massachusetts Eye and Ear Infirmary.  RD-OGI Score also

can be a useful addition to other clinical information to guide

decision-making and counselling eye trauma patients, and

lends itself to future research.

Clinical options are available for ocular trauma patient,

but under which circumstances to recommend procedures is

left to clinical judgment. The significant differences that

occur with each individual injury make it very difficult to

independently assess potential risk factors or treatment vari-

ances for functional and anatomic outcome. Severe ocular

trauma with open-globe injury remains a significant cause

of blindness in the United States and worldwide, and RD has

been identified as strong risk factor for poor visual outcomes

after OGI6-9. Roughly every third patient with OGI will sub-

sequently develop retinal detachment (RD)5,10, but the chal-

lenge is to correctly identify population at high risk at the

time of the initial presentation. These features of OGI and

RD make it critically important for patients and ophthalmol-

ogists to have a risk assessment as early as possible reliable

regarding the expected outcome of serious eye injury and

the possibility of RD development. 

Our team validated a simple and practical tool to predict

development of RD after OGI. The model includes zone of

injury, visual acuity and presence of VH as significant vari-

ables assessed by general ophthalmologist at or soon after

the initial presentation. The use of our score in the emer-

gency room provides the clinician with quick and reliable

predictor of outcome very soon after the patient’s arrival,

based on readily available clinical data. 

In our study, we evaluated various time points from pres-

entation to RD in order to establish the time point of the

strongest predictive value of the RD-OGI Score. We found

that the RD-OGI Score predicts RD development the best at

30 days after OGI; however, it predicts it exceptionally well

at every other examined time point up to 365 days (with no

difference between 180 days and 365 days). In a practical

sense, that suggests our score can predict RD reasonably

well at any future time point based on only initial presenta-

tion. Additionally, future prospective clinical trials of a pre-

ventive RD intervention after OGI could use the RD-OGI

Score as inclusion criteria, and our analysis suggests that a

follow-up time of 30 days would be sufficient to evaluate

the effectiveness of the intervention.

The risk score provides a simple method to stratify a pa-

tient’s risk of RD development at the time of initial hospital

presentation into three Risk Classes: Low, Moderate, and

High. The Low Risk Class, 0 through 1.5, had 36% of the

patients, and excluded development of RD within 1 year

with 100% certainty. Roughly 24% of patients were classi-

fied into Moderate Risk Class, which included scores 2

through 4, and 20% of these patients developed RD over the

follow-up period.  Finally, 39% of all patients were classified

into High Risk Class, which were scores 4.5 and higher, and

86% of these patients developed RD. The relatively low rate

of RD in the Moderate Risk Class compared to the relatively

high rate in the High Risk Class suggests that there is the

potential for much clinical and research utility in this pre-

dictive measure.

From a clinical standpoint, a reliable stratification of a pa-

tient’s risk of future RD allows early triage, and provides

healthcare workers at initial presentation, the most important

time point for critical decision-making, with valuable pre-

dictive information. For example, patients in the Low Risk

Class would be considered good candidates for continuing

currently implemented clinical management and follow-up

schedules. In clinically managing the two other Risk

Classes, Moderate and High Risk, benefit may be seen from

implementing accelerated follow-up appointments.  If a clin-

ical appointment is not possible, a phone call inquiring about

any symptoms of RD could be a less labor-intensive alter-

native.

A reasonable question would be when in the course of

clinical management these accelerated follow-up appoint-

ments should take place.  Based on our subgroup analysis,

we would propose to add additional follow-up appointments

at the following times: (1) between POD2-7, (2) between

POW1-3, (3) at POM1 and (4) at POM2 for High Risk
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Class. It may also be beneficial to apply accelerated follow-

up to the Moderate Risk Class if possible for a particular

clinic. We recommend these time points because post-hoc

subgroup analysis showed that 5 (9%) High Risk Class pa-

tients developed RD in the time interval of 3 to 5 days after

injury; 11 (19%) developed RD at between 10 and 18 days

after surgery; 4 (7%) developed RD 26 to 36 days after sur-

gery; and 3 (5%) developed RD 51 to 75 days after surgery.

This pattern was also similar for Moderate Risk Class, where

1 patient (11%) developed RD around POM1, and 2 (22%)

patients developed RD around POM2. 

The current literature regarding prevention of RD after

OGI does not provide sufficient information to strongly sup-

port prophylactic treatment (reviewed in11,12). The lack of

definitive guidelines relates to the marked variability from

patient to patient and injury to injury. Some reports suggest

that some patients may benefit from primary or secondary

scleral buckle placement or early or delayed vitrectomy8,13,14.

Given the large number of patients at risk of visual impair-

ment due to ocular trauma, a randomised clinical trial is war-

ranted to more definitively answer these question. Patients

with eyes scoring in the High Risk Class are at high risk for

RD and should be prioritized for such studies. Prospective

randomized trials of treatment for patients with eyes with a

high risk of later detachment should offer the appropriate

patients the best opportunity for retinal salvage. There is also

the possibility that more aggressive surgical intervention to

save the eyeball, or adjuvant treatment with 5-fluorouracil

and heparin, might contribute to a better outcome for pa-

tients who are felt to be higher risk.

Proper patient counselling is critical in helping the patients

to make informed treatment decisions, and also in relieving

their anxiety. Our score would provide information to pa-

tients and their families about the expected outcome. This

can enhance the patient’s the ability to understand the situ-

ation better, and develop an awareness about the prognosis

that can guide the patient through further clinical manage-

ment. It may provide relief for the patient’s anxiety about

the prognosis via minimizing uncertainty, aid in the patient’s

decision-making regarding treatment plan, and also help the

patient decide whether to participate in randomized clinical

trials. Retinal detachment following OGIs often require mul-

tiple surgeries and result in poor vision, if not the eventual

loss of the eye8. Counselling patients with expected future

RD would help them make early arrangements for the mul-

tiple surgeries involved as well as emotionally prepare for

the strong possibility of many procedures or high risk of

blindness.

Having a useful guide in predicting RD in patients pre-

senting with OGI has major significance for not only for the

injured patient and the treating ophthalmologist, but also for

public health professionals in the field of injury prevention

and control. Stratification of patients would facilitate report-

ing results in a standardized fashion to allow for a valid com-

parison.  Public health workers would have a useful tool to

analyze ocular injuries and plan and evaluate intervention

strategies in a standardized fashion, as well as re-evaluate

and re-assess the intervention.

Our risk assessment model has several distinguishing fea-

tures. First, it is a simple and easy to use, and utilizes data

available in the initial hours of OGI presentation. Thus,

every ophthalmologist can easily use this model and calcu-

late the risk score for RD development at only initial pres-

entation using slit lamp and, in some instances, ultrasound.

The OGI-RD Score consists of only 3 clinical variables, and

stratifies patients into 3 risk groups. It may be a useful tool

for triaging patients to appropriate levels of care based on

initial risk.

Our study has a number of limitations. Because this was

a retrospective study, our results are dependent upon the ac-

curacy of the recorded data. Despite this limitation, however,

the model covariates (e.g., VA, zone of injury) are likely to

be accurately documented in medical records. It is a single

center study with internal validation, so results may not be

broadly generalizable. External validation is needed to be

performed on independent datasets from other centers before

the generalizability of our prediction model can be deter-

mined.

In conclusion, we developed a clinical risk score for inci-

dent RD events after OGI using routinely assessed variables.

Strategies targeting high risk patients for specific preventive

interventions, or the accelerated follow-up of high risk pa-

tients need further evaluation. Further study is warranted to

determine whether this clinical prediction model can help

ophthalmologists identify patients who may benefit from

close monitoring and more aggressive treatment before im-

plementing these changes in routine practice.
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