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Purpose: To evaluate changes in referral patterns, including referral sources, patient demographics, and diagnostic patterns to 
a neuro-ophthalmology unit in a single tertiary medical center across two distinct three-year periods, a decade apart.
Methods: A retrospective database analysis of patients seen for their initial visit in the NO Unit at a tertiary Medical Center in Israel 
during January 1st, 2007–December 31st, 2009 (Group 1–1436 patients), and during January 1st 2017–December 31st 2019 (Group 2– 
2104 patients). Data collected included patients’ age, gender, referring provider specialty, primary complaint, clinical findings, and 
final diagnosis.
Results: Patients in Group 2 were significantly older than those in Group 1 (p < 0.024). There was a significant increase in referrals from 
ophthalmologists (p < 0.001) and pediatricians (p < 0.001), while referrals from neurologists (p < 0.006) and rehabilitation specialists (p < 
0.003) declined, Diagnoses related to vision changes increased significantly over time (p <0.001). Diagnoses related to complaint of diplopia 
were more frequent in Group 2 (p < 0.01). A multinomial logistic regression further demonstrated that, after adjusting for age and sex, 
diagnoses of pseudotumor cerebri (PTC) (OR = 1.46, p = 0.004) and tumor/compressive lesions (OR = 1.55, p < 0.001) were significantly more 
likely in Group 2 compared with Group 1, whereas optic nerve disease, ocular motility disorders, and visual function complaints showed no 
significant temporal change.
Conclusion: The study demonstrated an increase in referrals to NO services and a demographic shift toward older patient population. 
These findings emphasize the growing need for neuro-ophthalmologic expertise, particularly in the context of an aging population. 
Multinomial regression further showed that diagnoses of PTC and tumor/compressive lesions became significantly more common over 
the decade, highlighting evolving diagnostic trends that may inform resource allocation and future service planning.

Plain Language Summary: Neuro-ophthalmology clinics manage complex conditions affecting vision and the nervous system, yet 
little is known about how referral patterns to these services change over time. 

In this study, we compared referrals to a tertiary neuro-ophthalmology clinic during two three-year periods a decade apart. 
We examined referral sources, patient demographics, and final diagnoses. 
We found a substantial increase in overall referrals over time, particularly from ophthalmologists and pediatricians. Patients referred 

in the later period were older, reflecting broader demographic changes. Certain diagnoses, including idiopathic intracranial hyperten
sion and tumor-related conditions, became more common, even after accounting for age and sex differences. 

These findings suggest that demand for neuro-ophthalmology services is increasing and evolving. Understanding these trends may 
help healthcare systems plan training, staffing, and resource allocation to better meet future patient needs. 
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Introduction
Neuro-ophthalmology is a subspecialty that addresses disorders of the nervous system which affect vision, ocular 
movements, pupillary reflexes, and lid function. These conditions are often complex and may result in visual loss, 
severe morbidity, and even mortality. Usually, the number of neuro-ophthalmologists is small.1 Patients are usually 
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referred to tertiary neuro-ophthalmology clinics by various specialists including ophthalmologists, neurologists, opto
metrists, neurosurgeons, endocrinologists, oncologists, as well as by secondary care providers, such as hospital depart
ments. Current literature establishes that misdiagnoses before referrals are common.2–4 As changes in the prevalence of 
patients’ medical conditions are widespread, it is also important to identify changes in referral patterns to NO clinics in 
order to plan personnel and technology requirements and adjust medical education.

Supporting the global relevance of this issue, a recent study from Colombia reported substantial referral delays and 
misdiagnosis rates before neuro-ophthalmology consultation, emphasizing the importance of analyzing referral patterns 
to inform workforce planning and improve patient outcomes.5

Additional studies from specialized neuro-ophthalmology centers have demonstrated a high burden of neuro- 
ophthalmology consultations and a broad spectrum of patient presentations, reflecting increasing demand for subspecialty 
services. However, most available data are cross-sectional, and temporal changes in referral patterns remain insufficiently 
characterized.6,7

The objective of this study was to identify and analyze changes in referral sources, demographics, and diagnostic 
patterns in a tertiary Neuro-Ophthalmology clinic within a medical center by comparing two distinct three-year periods, 
a decade apart.

Patients and Methods
In the study, we completed a retrospective database analysis of de-identified patients who initially visited the Neuro- 
Ophthalmology Unit at Sheba Medical Center between two time periods: January 1st 2007 through December 31st, 2009, 
and from January 1st 2017 through December 31st 2019. The starting point was chosen since the implementation of 
electronic health records in our clinic. Diagnoses of all consecutive patients seen between those periods were included in 
the study, constituting 1436 patients between 2007 and 2009 (Group1) and 2104 patients between 2017 and 2019 
(Group 2). All patients during such three-year periods were included to ensure comprehensive unbiased data coverage. 
The specific range of time periods and spread were thoughtfully designed in order to analyze possible variances in 
referrals to neuro-ophthalmology after a substantial time period (decade).

The clinic structure remained unchanged between the two periods, consisting of two neuro-ophthalmology specialists 
and one fellow.

The final diagnosis made by Neuro-ophthalmologists’ for each patient was labeled with one of the twenty-six various 
classifications as detailed in the Appendix. These classifications encompassed nearly 300 distinct diagnoses. We 
categorized them under a broader yet common classification. Examples of the classifications include “pupil” which 
encompasses nine sub-categories including miosis and mydriasis, the “optic nerve” which includes twenty-six sub- 
categories including papilledema and optic nerve cupping, and “vascular (CNS)” which includes 16 sub-categories 
including arteriovenous malformation and venous stenosis. Data collected included patients’ age, year of first appoint
ment, identified gender, the specialty of the referring provider, primary complaint, findings, and final diagnosis.

Following a thorough process of compiling all the data and organizing it according to the variables listed above, the 
two time periods were analyzed and compared. The study focused on the variations between age, gender, and of referral 
provider specialty for each of the patients within both periods. The research also took a deeper look into the 26 various 
predetermined classifications to see if variations existed between each classification’s percent diagnosis per period, the 
mean age differences, as well as gender differences. The study also compared specific common diagnoses such as 
pseudotumor cerebri or meningioma and the factors contributing to their differences.

When choosing which specific diagnoses and classifications to take a deeper look into regarding gender, age, and 
incidence, the investigators chose significant and common classifications that are more commonly seen in the clinic. 
These diagnoses and classifications have a large impact on the field of ophthalmology due to their prevalence, thus 
analyzing these variables was of utmost priority during this study.

The protocol for this study was approved by the Sheba Medical Center institutional review board (IRB) and adhered 
to the Declaration of Helsinki. Informed consent was waived because the data were de-identified and retrospective.
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Generative AI Disclosure
ChatGPT (OpenAI, GPT-4, 2024) was used for language editing and improvement of grammar and clarity in the 
preparation of this manuscript. The authors reviewed and verified all content for accuracy.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics (version 28.0.1.0; IBM Corp., Armonk, NY, USA) and Python-based 
computational analysis.

Differences in mean age between groups were analyzed using the Mann–Whitney U-test.
All other analyses in which both groups had a count greater than five were performed using the Pearson chi-square 

test, whereas analyses involving a study group with a count of fewer than five were conducted using Fisher’s exact test.
All statistical analyses were two-sided, and a P value < 0.05 was considered statistically significant.
In addition to these analyses, a multinomial logistic regression model was applied to quantify temporal changes in 

diagnostic patterns between the two time periods. The dependent variable was the final diagnostic classification, and the 
primary predictor was year group (2017–2019 vs 2007–2009), with adjustment for age and sex. Odds ratios (ORs) with 
95% confidence intervals were calculated to determine whether specific diagnoses became more or less common over 
time.

Results
Age and Gender
We included 3540 patients in our study. Group 1 included 1436 patients between the years 2007 and 2009, Group 2 
included 2104 patients between 2017 and 2019. Group 1had patients aged 0.3 to 97 years and group 2 had patients aged 
0.1 to 98 years (Figure 1). Group 2 was significantly older than Group 1 (44.61 ± 22.85 vs 46.09 ± 23.91 years, mean 
difference = 1.47 years, P < 0.024). Age distribution between both groups was also significantly different with 
distribution categorized according to ages less than 18 (16.0% Group 1 vs 16.7% Group 2), 18.0 to 49.9 (36.0% vs 
33.7%), 50.0 to 64.9 (26.5% vs 20.1% p<0.0001), 65.0 to 79.9 (17.6 to 23.7% p<0.0001), and greater than 80.0 years old 
(3.9% vs 5.8%, P-value <0.006). Unlike age distribution, gender distribution was similar with 46.1% males in Group 1 vs 
44.3% males in Group 2 (p<0.32).

Referring Provider Specialty
During the years of the study, specialists from eighteen different fields referred patients to the NO department. Five of 
these specialties had significant differences between the two time periods. On one hand, a significant increase of referrals 
from ophthalmologists (55.4% vs 61.9%, P < 0.001) and pediatricians (0.6% vs 1.8%, P-value < 0.001) was found in 

Figure 1 Age distribution.
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the second time period. Meanwhile, referrals from neurologists (18.7% vs 15.2%, P < 0.006), rehabilitation (2.2% vs 
1.0%, P < 0.003), and self (2.9% vs 1.0%, P < 0.001) decreased as detailed in Table 1.

Diagnosis Patterns
Several different diagnosis classifications had significant differences when comparing the percent of that diagnosis 
classification between the two periods. The incidence of diagnosis related to vision change increased significantly during 
the years (13.9% vs 19.7%, P <0.001). Also, there was an increase of 50% in diagnosis of pain (4.3% vs 6.5%, P < 
0.006). A significant decrease was found in prevalence of optic nerve diseases (23.7% vs 19.6%, P < 0.03) and in less 
common diagnoses such as orbital lesions (2.9% vs 1.6%, P <0.01), trauma (0.3% vs 0.0%, P < 0.03) and “normal exam” 
which indicates no abnormal findings (1.3% vs 0.2%, P <0.001) as detailed in Table 2.

When examining the more common classes of diagnoses, no gender differences existed as detailed in Table 3. There 
were however differences regarding the age of the patients with disorders related to Ocular Movements (50.0 vs 54.9, 
P-value < 0.01) and Visual Field Defects (47.9 vs 55.3, P-value < 0.01) with older patients in Group 2. Patients with 
a diagnosis related to Pain were significantly younger in Group 2 (40.8 vs 34.7, P < 0.04).

Six specific diagnoses including anisocoria, diplopia, meningioma, optic neuritis, various types of ocular motor 
nerves palsy, and pseudotumor cerebri (PTC) were examined in detail. Within each of these diagnoses, age, gender, and 
differences between the frequency of diagnosis within the two time periods were compared as seen in Table 4. Diplopia 
was found to have a significant increase in Group 2 (6.7% vs 9.4%, P < 0.01), An increase in mean age of patients with 
ocular motor nerve palsies was also observed (51.9 vs 57.9, P-value < 0.02).

Table 1 Specialty of Referring Physician

Specialty of Referring Physician 2007–2009 (%) 2017–2019 (%) P-value

Ophthalmology 55.40% 61.90% < 0.01

Neurology 18.70% 15.20% <0.01

Neurosurgery 10.30% 8.50% 0.06

Oncology 4.90% 6.10% 0.11

Self 2.90% 1.00% < 0.01

Rehabilitation 2.20% 1.00% < 0.01

Neuro-ophthalmology 1.90% 1.50% 0.35

Internal Medicine 1.20% 1.10% 0.91

Endocrinology 0.60% 0.70% 0.89

Pediatrics 0.60% 1.80% < 0.01

Neuroradiology 0.40% 0.30% 0.68

ENT 0.30% 0.10% 0.23

Gynecology 0.20% 0.20% 0.99

Optometry 0.10% 0.10% 1.00

Rheumatology 0.10% 0.10% 0.99

Social Security 0.10% 0.00% 0.41

Surgery 0.10% 0.20% 0.71

Unknown 0.00% 0.10% 0.52

Note: Bold values indicate statistically significant differences (p < 0.05).
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Table 2 Classes of Neuro-Ophthalmologic Diagnoses

Classification Classification 
Percent 2007–2009

Classification 
Percent 2017–2019

P-value

Optic Nerve 23.70% 19.60% <0.01

Ocular Movements 18.00% 17.50% 0.72

Vision 13.90% 19.70% <0.01

Tumor 10.50% 11.80% 0.24

Visual Field Defect 6.80% 6.80% 0.92

Elevated Intracranial Pressure 5.40% 4.40% 0.17

Pain 4.30% 6.50% 0.01

Lid 3.60% 3.40% 0.84

Pupil 3.10% 2.90% 0.69

Orbital Lesions 2.90% 1.60% 0.01

Neurological/Systemic Conditions 1.30% 1.40% 0.66

Normal exam 1.30% 0.20% <0.01

Genetic/CNS 0.90% 0.50% 0.12

Oto-Neuro 0.80% 0.60% 0.48

Imaging 0.70% 1.20% 0.15

Migraine and Headache 0.60% 0.40% 0.59

Vascular (CNS) 0.60% 0.30% 0.31

Retina 0.50% 0.30% 0.33

Bone/Skull 0.40% 0.10% 0.07

Trauma 0.30% 0.00% 0.03

Eye 0.20% 0.30% 0.75

Facial 0.20% 0.20% 1.00

Note: Bold values indicate statistically significant differences (p < 0.05).

Table 3 Common Diagnoses

Classification Mean Age 
2007–2009

Mean Age 
2017–2019

Percent Female 
2007–2009

Percent Female 
2017–2019

P-value for Age P – value for Gender

Intracranial Pressure 25.8 25.0 75.6% 78.5% 0.72 0.66

Lid 43.9 50.4 62.7% 65.3% 0.14 0.77

Ocular Movements 50.0 54.9 40.7% 45.4% 0.01 0.25

Optic Nerve 43.3 44.9 50.7% 48.3% 0.34 0.51

Pain 40.8 34.7 62.9% 70.6% 0.04 0.28

Pupil 40.1 36.0 60.0% 59.0% 0.35 0.92

(Continued)
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Multinomial Regression Analysis
A multinomial logistic regression (Figure 2) was performed to evaluate whether specific diagnostic categories became more or 
less common over the decade, comparing 2017–2019 with 2007–2009 while adjusting for age and sex. The analysis demon
strated that diagnoses of PTC were significantly more likely in the later period (OR = 1.46, 95% CI: 1.13–1.90, p = 0.004). 
Similarly, tumor/compressive lesions showed a marked increase (OR = 1.55, 95% CI: 1.26–1.89, p < 0.001), indicating a true 
temporal rise beyond proportional frequency differences. In contrast, no significant change was observed in the likelihood of 
diagnoses related to optic nerve disease (OR = 1.18, p = 0.14), ocular motility disorders (OR = 0.98, p = 0.93), or visual function 

Table 3 (Continued). 

Classification Mean Age 
2007–2009

Mean Age 
2017–2019

Percent Female 
2007–2009

Percent Female 
2017–2019

P-value for Age P – value for Gender

Tumor 41.6 43.2 56.3% 55.2% 0.42 0.84

Vision 51.1 48.4 57.3% 62.1% 0.36 0.26

Visual Field Defect 47.9 55.3 52.6% 53.5% <0.01 0.89

Note: Bold values indicate statistically significant differences (p < 0.05).

Table 4 Specific Diagnoses Difference in Age Distribution, Gender and Incidence

Diagnosis 2007–2009 2017–2019 P-value

Mean Age Anisocoria 40.1 32.8 0.2

Diplopia 53.8 58 0.06

Meningioma 60.2 59.1 0.9

Optic Neuritis 31.5 33.8 0.54

Ocular Motor Nerve Palsy 51.9 57.9 <0.02

Pseudotumor Cerebri 27.9 26.1 0.26

Percent Female Anisocoria 0.724 0.582 0.2

Diplopia 0.49 0.48 0.88

Meningioma 0.759 0.727 0.6

Optic Neuritis 0.656 0.667 0.92

Ocular Motor Nerve Palsy 0.394 0.462 0.21

Pseudotumor Cerebri 0.845 0.819 0.65

Percent Diagnosis Anisocoria 0.02 0.026 0.25

Diplopia 0.067 0.094 <0.01

Meningioma 0.055 0.066 0.18

Optic Neuritis 0.022 0.026 0.52

Ocular Motor Nerve Palsy 0.099 0.101 0.86

Pseudotumor Cerebri 0.049 0.05 0.95

Note: Bold values indicate statistically significant differences (p < 0.05).
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complaints (OR = 1.14, p = 0.20). These findings highlight diagnostic categories that have genuinely increased over time and 
reinforce the descriptive trends shown in earlier analyses.

Discussion
In this study, referral patterns to a tertiary neuro-ophthalmic clinic were studied between 2007 and 2009 (Group 1) and 
between 2017 and 2019 (Group 2). When evaluating the data, it was evident that there was an increase in the number of 
referrals to neuro-ophthalmologists. Overall, there was a 47% increase in referrals between the periods. The increase of 
referrals to NO clinic was higher than the general increase of 12% to the entire eye institute. Although the number of 
referrals increased in total, referrals from specialties such as neurology, rehabilitation, as well as self-referrals had 
decreased. In contrast, significant increases in referrals came from ophthalmologists and pediatricians. In parallel, 
national data from the Israeli Ministry of Health8 indicate that the rate of employed specialist physicians per 1000 
population increased between 2010 and 2022 in ophthalmology (+14%), pediatrics (+19%), and neurology (+10%), 
reflecting a broader expansion of the specialist workforce.

New suspected diagnoses contributed to the increase in general pediatric referrals. These referrals were a result of 
suspected PTC which was the reason for eight referrals in the Group 2 and zero referrals in Group 1. During the second 
period, there were also four referrals by pediatricians due to headaches. Meanwhile, there were zero referrals due to 
headaches in the first period. These referrals may be the result of an increase in childhood obesity and the increase in 
precocious or normal variant puberty amongst children.9–11 Although not statistically significant, there were also 
increases in referrals from endocrinology, gynecology, internal medicine, NO, neuro-radiology, neurology, neurosurgery, 
oncology, optometry, and general surgery.

Data from the study also demonstrates that there was a significant change in the age groups from both ends of the 
decade. In the second time period, the age of patients shifted upward. The mean age increased from 44.62 years to 46.10 
years and the 75th percentile increased from 63 to 67 years of age. The retrospective study also displayed an increase in 
the percentage of patients aged 65+ within the second period. Patients aged 65.0 to 79.9 increased from 17.6% to 23.7% 
and patients aged 80.0 and above increased from 3.9% to 5.8%.

Figure 2 Temporal changes in diagnostic categories based on multinomial logistic regression. IIH/PTC and tumor/compressive diagnoses increased significantly in 2017–2019 
compared with 2007–2009; other categories showed no significant change.
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These findings are supported by the aging population within Israel as reported by the World Bank which documented 
an increase of citizens aged 65 and older. During Group 1 time period 10% of the population was older than 65 whereas 
in Group 2 time period 12% of the population was older than 65. These findings are also consistent with other studies, 
which emphasize the importance of neuro-ophthalmology in the future. With a growing aging population, there is 
expected to be an increased demand for neuro-ophthalmology-related healthcare needs.12–14

Beyond descriptive differences, the multinomial logistic regression provided a clearer understanding of which 
diagnostic categories genuinely shifted over time. After adjusting for age and sex, the likelihood of diagnosing PTC 
and tumor/compressive lesions was significantly higher in 2017–2019 compared with 2007–2009 (OR = 1.46 and 1.55, 
respectively). These findings suggest that the observed increases are not solely due to changes in referral volume or 
demographic shifts, and can reflect a true rise in the detection or incidence of these conditions.

This may, in part, reflect increased availability of neuroimaging (MRI and CT) in Israel over time, which could have 
contributed to improved detection of underlying pathology rather than a true rise in incidence.15

Notably, during the later period, diagnostic practices for PTC were aligned with revised criteria for pseudotumor 
cerebri syndrome, which are more stringent than the previously used modified Dandy criteria.16

Moreover, the incidence of Idiopathic Intracranial Hypertension has increased significantly from 2.3 per 100,000/year 
in 2003 to 7.8 per 100,000/year in 2017.17 However, the observed increase in PTC referrals should be interpreted with 
caution. In Israel, as in other OECD healthcare systems, ongoing efforts to strengthen community-based care and 
maintain structured referral pathways may have influenced patterns of access to specialist services and contributed to 
increased detection rather than a true rise in incidence.18,

Similarly, epidemiological data demonstrate an increase in the incidence of primary brain tumors over time. In 
Ireland,19 the number of diagnosed cases increased from 2478 in 2005–2009 to 3590 in 2015–2019, alongside a rise in 
age-standardized incidence rates from 91.8 to 107.2 per 100,000 population, suggesting a growing disease burden.

In contrast, optic nerve disease, ocular motility disorders, and visual function complaints did not show significant 
temporal change, indicating stability in these diagnostic categories despite the broader evolution in referral patterns. This 
regression-based insight helps distinguish between diagnostic trends driven by population changes and those reflecting 
shifts in clinical practice, imaging utilization, or disease epidemiology.

Although insignificant, we also observed a decrease in the age of patients diagnosed with pseudotumor cerebri. The 
mean age decreased from 28 to 26. The 25th, 50th, and 75th age percentiles also decreased from 19 to 18.75 years, 26 to 
24, and 35 to 30.5 years of age, respectively. Also an increase in the percentage of male patients with pseudotumor 
cerebri was noticed, rising from 15.5% to 18.1%. The cause of this trend could be the increase in overweight males 
within the population. According to Israel’s Central Bureau of Statistics during the year 2010 40% of men in Israel were 
overweight while in 2017 55% of men were overweight.20–22

Contrary to the trend above, when looking into our data concerning oculomotor nerve palsies, we found that there was 
a significant increase in the age distribution. Comparing Group 1 and Group 2, we noted an increase in the 25th, 50th, and 
75th percentiles. The ages increased from 39 to 50, 58 to 62, and 70.0 to 72.0 years of age for each respective percentile. 
Reasons for these findings could include an increase in microvascular atherosclerosis, an increase in hypertension, an 
increase in metabolic hyperlipidemia, and obesity.23,24

Another interesting finding was the decrease in trauma diagnoses which might be due to miscoding or an increase in 
referrals to oculoplastic surgeons. Furthermore, one possible explanation for the decrease in referrals of patients with 
orbital lesions could be due to the growing number of oculoplastic surgeon or the improvement of orbital imaging.25 

A rise in pain was also a noteworthy change which may have been due to the increased awareness or appreciation of pain 
in society as well as an increase in pain clinics.26

The main limitations of this study its retrospective review of patient data, and that the study was confined to available 
data. Furthermore, the study was conducted at a single tertiary center in a country with National Health Insurance, where 
comprehensive coverage is provided to all residents through four non-profit health organizations. To counter these 
limitations, we made sure to study two time periods of 3 years each wherein all the patients’ information was accessible. 
Additionally, this study was performed at a single tertiary clinic with access to a few neuro-ophthalmologists.
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In conclusion, significant changes in referral patterns to our neuro-ophthalmology clinic were observed between 
2007–2009 and 2017–2019. These trends indicate a notable increase in referrals, particularly from ophthalmologists, and 
a shift toward an older patient population. These evolving patterns warrant further investigation, as they may have 
significant implications for medical training, the strengthening of communication between tertiary centers and primary 
care services, and future neuro-ophthalmology resource allocation.
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