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Background: Eye salvage and survival for patients with retinoblastoma (RB) can be improved by enhancement of early diagnosis.
This study aims to investigate the impact of modifying the teaching curriculum for medical students about awareness of this condition.
Methods: Medical students completed a questionnaire about RB, preluded by a photograph of a child with leukocoria. Participants
were divided into group A (138 participants) and group B (151 participants) who are medical students who have completed the
ophthalmology rotation before and after implementing modifications on teaching curriculum that focuses on the red flags of RB
consecutively.
Results: Most participants considered leukocoria an abnormal sign. Group A had significantly lower knowledge about diagnosis for
RB (P=0.0001). Participants scored higher in group B for the critical questions, such as knowing that RB is a fatal disease (P=0.041)
that needs urgent treatment (P=0.042). Only three (2%) students adopted the “watch and wait” strategy in group B, compared to 16
(12%) in group A (P=0.0013). Overall, proficiency score (≥90%) was achieved by 12 (8%) students in group B, but only three (2%)
students in group A. Only 41 (27%) students in group B, compared to 90 (65%) students in group A, failed to obtain a sufficiency
score (≥70%) in the questionnaire.
Conclusion: Modifying the teaching curriculum of the ophthalmology rotation with an intensified focus on awareness of the life-
threatening condition retinoblastoma improved medical students’ knowledge of this malignancy. This intervention is one of the
modalities that can lead to a reduction in diagnosis and referral delays and improvement in outcome and survival.
Keywords: leukocoria, medical students, retinoblastoma

Introduction
Retinoblastoma (RB) is the most common intraocular malignancy in children,1,2 and leukocoria in infants could be a sign
of a life threatening malignancy like RB, infectious disease like toxocariasis, congenital anomaly like persistent fetal
vasculature (PFV), and others like retinopathy of prematurity or Coats’ disease.2 Globally, RB affects one in 15,000–
20,000 live births, and 90% of them are 5 years old or younger at time of diagnosis.1,3 The incidence in Jordan is 9.32
cases per million children who are 5 years old or younger,3 and one fifth (20%) of them have familial RB, compared to
only 10% in western countries.3,4

Treatment modalities for RB have improved significantly over the past 2 decades, and this, side-by-side with early
diagnosis, has improved the prognosis in terms of survival and globe salvage. However, delayed diagnosis, mainly in
developing countries, is still a major poor prognostic factor for management outcome, therefore prompt recognition of
the common RB signs and symptoms by parents and healthcare providers is very important.5–7

The most common presenting sign for RB is leukocoria (50–60% of cases), and this is seen when the tumor size is
large enough to be detected by parents. The second and third most common presenting signs are strabismus (25%) and
ocular inflammation (6–10%).8–11 These alarming signs are very important to be recognized by health care givers to
avoid delayed diagnosis. Unfortunately, a previous questionnaire about the level of knowledge about RB and its
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presenting signs among first contact physicians in Jordan showed a major deficiency in knowledge about the need for
immediate referral of patients with signs of RB. Furthermore, 45% of graduated medical students failed to recognize
leukocoria as a possible sign of a life-threatening malignancy.12 This indicated a defect in the teaching system for
medical students.

Medical students will be the first-contact health care providers for children with signs of RB in the future. The aim of
this study is to analyze the impact of modifying their teaching curriculum in a way that focuses on the red flags and signs
of RB, and on medical students’ awareness level and basic knowledge about RB.

Methods
The institutional review board (IRB) committee at The University of Jordan and King Hussein Cancer Center, Amman,
Jordan approved this cross-sectional study. Ocular oncologists treating RB in Jordan designed and prepared the
questionnaire, based on data taken from relevant literature on RB. All participants provided informed consent to
participate in this questionnaire. Thereafter, participants were shown a mid-face photo of a child with right eye
leukocoria (Figure 1), and were asked clear clinical questions to evaluate their decision-making skills; such as
recognizing the normal vs abnormal eye, methods for diagnosis of RB, and the need for immediate referral for treatment
vs observation. (Supplementary Table). It was not possible to demonstrate the change in scores of the same group of
students before and after the focused learning on RB. Therefore, we compared the scores between students who
completed the ophthalmology rotation after implementing the focused RB learning, and the scores of a heterogeneous
group of medical students from different medical schools in Jordan, who completed ophthalmology rotations that lacked
the focused RB learning, and this group is expected to be representative of the medical graduates in the country.

Participants were divided into two groups; group A, students in the 6th year of medical school (that is the last year in medical
school in Jordan), who underwent a 2-week rotation in the department of ophthalmology (during their 5th year ofmedical school)
before implementing modifications on the teaching curriculum that highlights and focuses on the red flags of RB. And group B,
students in the last 2 months of their 6th year of medical school (that is 1–2 years after completing the ophthalmology rotation in
the 5th year of medical school), who underwent a 2-week rotation in the department of ophthalmology (during their 5th year of
medical school) after implementing modifications on the teaching curriculum that highlight and focuson the red flags of RB.
Participants who failed to complete the survey were excluded from this study. The modifications on the teaching curriculum
included adding a standing item that includes discussing a photo with leukocoria with all students during the ophthalmology
rotation in the 5th medical year. In addition, a standing question in the final exam was mandated to be about a photo with
leukocoria. The discussion about the photo with leukocoria was done under the supervision of ME at The University of Jordan
(UoJ) and YAYat Al Yarmouk University (YU).

Figure 1 A mid-face photo for a child with unilateral retinoblastoma who presented with right white pupil reflex (leukocoria), while the left eye was normal.
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The participants were asked to complete the questionnaire. Responses of both groups were analyzed for descriptive statistics.
The score was calculated based on the assumption that the answer was either correct or not. The knowledge level was based on
cut-off scores (70% for sufficiency and 90% for proficiency). Each student’s score was calculated, as well as an overall score for
each group. Participants for this study were final year medical undergraduates recruited from four universities in Jordan.

The questionnaire was constructed in survey format and distributed to participants using Survey Monkey
(SurveyMonkey Inc. San Mateo, CA, USA). The first section of the survey was about students’ demographics, followed
by 19 multiple-choice questions distributed as follows: clinical scenario (3), diagnosis (6), general aspects (8), and
referral (2) including one colored image of leukocoria and one clinical scenario. Sixty-two initial responses were used to
validate the questionnaire, internal consistency was demonstrated by a Cronbach’s alpha of 0.80, and therefore the
questionnaire was not altered.

The modified teaching curriculum highlights and focuses on the red flags of RB, and on medical students’ level of
basic knowledge about RB. One standard 1-hour educational seminar for 5th year medical students starts with a photo of
a child with leukocoria. The discussion included all the differential diagnoses and approach for a child with leukocoria,
starting with life-threatening causes (RB), sight-threatening causes, and others. Furthermore, a standing question in the
final written exam was about the approach for leukocoria.

Results
This was a 19 multiple-choice questions questionnaire, and 138 medical students in Group A and 151 medical students in
Group B answered it completely. Tables 1 and 2 show the demographics of the participants, and the detailed results of the
final test (correct vs incorrect) of every single question for all the participants in both groups. For group B, out of 151
participants, 103 were from the University of Jordan and 48 from Al-Yarmouk University.

Comparison Between Participants in Group A and Group B
Overall, proficiency score (≥90%) was achieved by 12 (8%) students in Group B, but only three (2%) students in Group
A. Only 41 (27%) students in Group B compared to 90 (65%) students in Group A failed to obtain a sufficiency score
(≥70%) in the questionnaire (Table 3).

Table 1 Demographics of the Participants of the Survey*

Group A Group B

Number (%) Number (%)

Number 138 151

Level of education 6th year medical students 6th year medical students

Gender Male 55 (40%) 69 (46%)

Female 83 (60%) 82 (54%)

Age Mean 24 24

Median 24 24

Range 23–26 24–25

Notes: *These groups included medical students in the 6th year who had already completed a 2-week rotation in
the ophthalmology department. Group A, students in the 6th year of medical school (that is the last year in medical
school in Jordan), who underwent a 2-week rotation in the department of ophthalmology (during their 5th year of
medical school) before implementing modifications on the teaching curriculum that highlight and focus on the red
flags of RB. And group B, students in the last 2 months of their 6th year of medical school (that is 1–2 years after
completing the ophthalmology rotation in the 5th year of medical school), who underwent a 2-week rotation in the
department of ophthalmology (during their 5th year of medical school) after implementing modifications on the
teaching curriculum that highlight and focuson the red flags of RB.
Abbreviation: RB: retinoblastoma.
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In addition, participants generally scored higher in Group B mainly for the critical questions about the level of danger
for RB, as they identified leukocoria as the most common sign for RB (P=0.007), knew that RB is a fatal disease
(P=0.041), and that treatment is urgently required (P=0.042) better than Group A. Only three (2%) adopted the “watch
and wait” strategy in Group B, compared to 16 (12%) in Group A (P=0.0013) (Table 3).

The abnormal eye was recognized by most of the participants, with no significant difference between the two groups
(P=0.05). Group A had significantly lower knowledge about how to diagnose RB (P=0.0001) and 126 (83%) from Group
B were familiar with the pathogenesis of RB compared to 96 (67%) from Group A (P=0.008). Both groups had similar
answers when asked about signs of RB (P=0.234), the specialty that treats RB (P=0.36), and in which specialized center
in Jordan (P=0.27) (Table 2).

Comparison Between Participants from the Two Different Medical Schools in Group B
Responses from students of both the University of Jordan (UoJ) and Al-Yarmouk University (YU) did not show
a significant difference in the level of knowledge in this questionnaire. Both sub-groups were able to diagnose RB
(P=0.237), knew the presenting signs of RB (P=0.642), were familiar with the pathogenesis (P=0.489), and knew
who should treat this disease (P=0.307). However, students at YU had a greater knowledge about the most common
sign being leukocoria, where 44 (92%) answered this question correctly compared to only 77 (75%) at UoJ. Students

Table 2 Questionnaire Results

Corresponding
Question in the
Questionnaire

Group A
(138 Participant)

Group B
(151 Participant)

P-value

Correct
(%)

Incorrect
(%)

Correct
(%)

Incorrect
(%)

1. Diagnosis of photo with leukocoria Q1, 2, 3 132 (96%) 6 (4%) 150 (99%) 1 (1%) 0.0569

2. Could leukocoria be a sign of life threatening
disease?

Q5 76 (55%) 62 (45%) 104 (69%) 47 (31%) 0.0208

3. The usual age of onset Q14 48 (35%) 90 (65%) 76 (50%) 75 (50%) 0.0089

4. Signs of RB Q10 31 (22%) 107 (78%) 25 (17%) 126 (83%) 0.2343

5. The most common presenting sign of RB Q11 91 (66%) 47 (34%) 121 (80%) 30 (20%) 0.0077

6. Pathogenesis of Rb Q6 96 (67%) 42 (30%) 125 (83%) 26 (17%) 0.0087

7. The outcome of no treatment Q15 76 (55%) 62 (45%) 101 (67%) 50 (33%) 0.0410

8. Urgency Q4 72 (52%) 66 (48%) 97 (64%) 54 (36%) 0.0425

9. How to diagnose Q12 31 (22%) 107 (78%) 68 (45%) 83 (55%) 0.0001

10. Role of imaging in diagnosis Q13 117 (85%) 21 (15%) 139 (92%) 12 (8%) 0.0641

11. Main treatment modalities for RB Q16 108 (78%) 30 (22%) 109 (72%) 42 (28%) 0.2763

12. Which specialty treats RB Q7 131 (95%) 7 (5%) 147 (97%) 4 (3%) 0.3618

13. Awareness of centers treating RB in your
country

Q18 108 (78%) 30 (22%) 109 (72%) 42 (28%) 0.2763

14. Purpose of prosthetic eye Q19 118 (86%) 20 (14%) 124 (82%) 27 (18%) 0.5237

Notes: Group A, students in the 6th year of medical school (that is the last year in medical school in Jordan), who underwent a 2-week rotation in the department of
ophthalmology (during their 5th year of medical school) before implementing modifications on the teaching curriculum that highlight and focus on the red flags of RB. And
group B, students in the last 2 months of their 6th year of medical school (that is 1–2 years after completing the ophthalmology rotation in the 5th year of medical school),
who underwent a 2-week rotation in the department of ophthalmology (during their 5th year of medical school) after implementing modifications on the teaching curriculum
that highlight and focus on the red flags of RB. Q1+2+3: All these 3 questions were about leukocoria, if it is normal finding or abnormal finding. We noticed that all students
answered the three questions similarly, we mean that either the three answers were correct (96% of group A, and 99% of group B) or the three answers were incorrect (4%
of group A, and 1% of group B).
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at YU also knew how to ideally diagnose RB, where 27 (56%) answered correctly, while only 41 (40%) had
a correct answer at UoJ. Of interest, almost 50% of participants in both groups still did not know that RB is a fatal
disease (Table 4).

Table 4 Comparison Between Two Different Medical Schools in Group B

Jordan University
(103 Participant)

Al-Yarmouk University
(48 Participant)

P-value

Correct (%) Incorrect (%) Correct (%) Incorrect (%)

1. Photo 102 (99%) 1 (1%) 48 (100%) 0 (0%) 1.0000

2. Clinic case 102 (99%) 1 (1%) 46 (96%) 2 (4%) 0.2373

3. Age of onset 56 (54%) 47 (46%) 20 (42%) 28 (58%) 0.1647

4. Signs of RB 16 (16%) 87 (84%) 9 (19%) 39 (81%) 0.6426

5. Most common sign of RB 77 (75%) 26 (25%) 44 (92%) 4 (8%) 0.0160

6. Pathogenesis of RB 87 (84%) 16 (16%) 38 (79%) 10 (21%) 0.4889

7. Natural course 50 (49%) 53 (51%) 21 (44%) 27 (56%) 0.6040

8. Urgency 60 (58%) 43 (42%) 20 (41%) 28 (59%) 0.0789

9. How to diagnose 41 (40%) 62 (60%) 27 (56%) 21 (44%) 0.0787

10. Role of imaging in diagnosis 94 (91%) 9 (9%) 45 (94%) 3 (6%) 0.7530

11. Treatment 72 (70%) 31 (30%) 37 (77%) 11 (23%) 0.4363

12. Who treats RB 99 (96%) 4 (4%) 48 (100%) 0 (0%) 0.3074

13. Awareness of centers treating RB 76 (74%) 27 (26%) 33 (69%) 15 (31%) 0.5611

14. Purpose of prosthetic eye 85 (83%) 18 (17%) 39 (81%) 9 (19%) 0.8238

Table 3 Most Significant Findings of the Questionnaire

Group A, No (%) Group B, No (%) P-value

≥90%* 3 (2%) 12 (8%) 0.0332

≥70%** 48 (35%) 98 (65%) 0.0001

<70% 90 (65%) 41 (27%) 0.0001

Frequent signs knowledge (correct answer) 31 (22%) 25 (17%) 0.2343

Those who recognized leukocoria as abnormal finding 132 (96%) 148 (99%) 0.3183

General signs of retinoblastoma 31 (22%) 25 (17%) 0.2343

Leukocoria is the most common sign of RB 91 (66%) 121 (80%) 0.0077

Those who know RB can be a fatal disease 76 (55%) 104 (67%) 0.0208

Those who know that management for Rb is urgent 72 (52%) 97 (64%) 0.0425

Watch and wait 16 (12%) 3 (2%) 0.0013

Notes: *90% was considered as proficiency score level of knowledge. **70% was considered as sufficiency score level of
knowledge.
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Discussion
Awareness about the common signs of RB among both parents and first-contact physicians are the main keys to improve
the outcome of management for RB as they should enhance early recognition, and prompt referral for accurate
treatment.5–7,12 Our study here showed that improving the teaching strategies, with a modified teaching curriculum
that focuses on the red flags for RB, could significantly improve the level of knowledge about presenting signs of RB
among medical students, who will be the first contact physicians in the future. In return, that should increase the chance
of early identification, early diagnosis, higher survival, and better eye and vision salvage rates. However, physicians need
to know that leukocoria in infants is not always a sign of RB. Multiple diseases (called pseudo-retinoblastoma) may
affect children, like ocular toxocariasis (infectious disease), persistent fetal vasculature (a rare congenital developmental
anomaly of the eye), Coats’ disease (characterized by abnormal development of the blood vessels in the retina), and
retinopathy of prematurity.2,8,9

Early diagnosis was shown to have a positive impact on visual outcome, as patients who were diagnosed through
a screening process in families with a genetic predisposition for RB were diagnosed earlier and had more favorable
outcomes than proband cases with no previous awareness of this condition.7,13 Once an abnormality involving the eye is
detected by the parents, awareness regarding RB in the physician who first encounters such cases also significantly
shortens the time between presentation and diagnosis, as well as initiation of treatment. Unfortunately, leukocoria, which
is seen when the tumor is large in size, is the most frequent presenting sign (50–60% of cases), followed by strabismus
(25%) and ocular inflammation (6–10%).8–11 Thus, signs of disease present when the tumor is already large in size, and
this should be recognized immediately by medical caregivers to avoid more advanced stages at diagnosis.

Yousef et al12 and Leal-Leal et al14 identified insufficient awareness regarding RB as a cause for late detection and
referral to a specialist in the developing world. Despite the fact that this topic was covered in the medical curriculum,
students did not reach sufficient knowledge scores in these two studies conducted in Jordan and Mexico, respectively.
Half of the participants were not aware of the appropriate action plan if leukocoria was detected.12,14,15 In a trial to solve
this issue in Jordan, we implemented modifications on the teaching curriculum which focuses on the red flags of RB, and
we did this new survey to evaluate the impact of this modification. The first group (Group A) of students in this survey
who completed medical school before implementing the new modifications recognized white pupil reflex (leukocoria) as
something abnormal in 96% of cases, however, only half of the participants associated this finding with the possibility of
a life-threatening condition, and most of them demonstrated poor knowledge about retinoblastoma in general, including
age of onset, frequent findings, and mode of diagnosis. After implementing the new modifications in the teaching
curriculum our current study (Group B) shows more promising results; 99% of students recognized leukocoria, almost
70% knew that it is life threatening. They had a better understanding about the pathogenesis and how urgently treatment
is needed. This indicates how important it is to stress red flags, and to educate students on any rare, but potentially fatal
diseases, even in short rotations with limited time allocation. We should mention that this new group (B) completed the
questionnaire 1–2 years after the end of the ophthalmology rotation, therefore we are planning to repeat it again 3 years
after graduation to check if this knowledge is still retained and remembered by the students or not.

A delayed diagnosis of RB can be attributed to a multitude of factors, including social and economic status and
insufficient awareness regarding the possibility of eye cancer.13 It cannot be denied, however, that knowledge and
performance of the physician managing the case is of paramount importance. In Jordan, most cases presenting with
possible signs of RB encounter first contact-physicians, who are usually not ophthalmologists. This is part of the patient’s
journey where early detection makes a vast difference. The participants of this study were on the verge of becoming
general practitioners, some with the prospect of practicing in rural areas where ophthalmologists are not routinely
available. They should, for this reason, be equipped with the basic knowledge that enables them to diagnose and refer
such cases in a timely manner.14–17

In Central America better outcomes were achieved in patients suffering from retinoblastoma by running educational
campaigns which resulted in decreasing the time to referral and management.18 As mentioned in the American Pediatric
Association guidelines, the red reflex test should be done for any child in their first year of life at least once as part of
routine check up.19 This is considered a simple, cost-effective, and non-invasive method that can lead to the diagnosis of
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a number of significant conditions, making it an excellent screening tool as per World Health Organization criteria, hence
justifying the need for educational interventions among first contact physicians.

Recommendations
Previous research elaborated on the central role of early detection of RB.13,20 In this study we suggest educational
interventions and changes within the teaching methods that help students attain a better knowledge level of this condition.
We could also suggest increasing the time a medical student spends in an ophthalmology rotation, as this might reinforce
some of the most vital information that they would have to retain in the future. Furthermore, first-contact physicians in Jordan
should be exposed to targeted training aiming to enhance the quality of care of those affected by this disease and their
families, in terms of assuring early detection and prompt referral for appropriate treatment to achieve optimal outcome.

Conclusion
This study demonstrates the impact of modifying the teaching curriculum of the ophthalmology rotation in the 5th year of
medical school in two Jordanian Universities on the awareness of medical undergraduates about the life-threatening
condition retinoblastoma. Compared to a previous study evaluating students’ awareness about this condition, its
significance, diagnosis, referral pathways, and management, the participants performed significantly better in all aspects
after more emphasis was put on educating students regarding this ophthalmic malignancy during their 2-week clinical
ophthalmology rotation. Educating first-line physicians to recognize this condition promptly and improving their knowl-
edge of how to deal with any suspected cases in an accurate and timely manner is therefore recommended as one of the
modalities that have the potential to lead to an improved outcome and survival for retinoblastoma patients through
minimizing delays in the diagnosis and appropriate referral of such cases.
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