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ABSTRACT
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]INTRODUCTION
To compare contrast neuro-ophthalmic practice in various countries, an 18 question survey was sent to international North-America Neuro-Ophthalmology Society (NANOS) members in the spring of 2016.  
METHODS
At least one NANOS member was contacted for each non-US nation in the NANOS membership roster.  If there were multiple NANOS members from one country, multiple were contacted.  If responses were received from more than one person from a single country, the first response received was utilized as the source data.
The survey (in English) was emailed to 47 NANOS members from 31 countries.  Twenty responses were received representing members from 15 nations.
RESULTS
	In all 15 nations, at least half of neuro-ophthalmologists trained as ophthalmologists. In 60% of nations at least half of the neuro-ophthalmologists were trained internally while in 33% of countries, at least half were trained in the United States. The number of physicians who practiced a significant amount of neuro-ophthalmology ranged from a low of 0.08/million (India) to a high of 3.10 (Israel). Countries having the highest percentage of neuro-ophthalmologists exclusively practicing neuro-ophthalmology also were those with better patient access to neuro-ophthalmic care. Requirement of approval to see a neuro-ophthalmologist, or for imaging studies requested by neuro-ophthalmologists was not typical.  In most nations, academic neuro-ophthalmologists were paid a straight salary.  In no nation were neuro-ophthalmologists paid more than another ophthalmic subspecialty.
CONCLUSIONS
Individual national healthcare system designs and compensation models have had a profound influence upon the rewards and challenges that face neuro-ophthalmologists.  There appears to have been a connection between recognition of the discipline, financial rewards of neuro-ophthalmic practice, conditions that permit full-time neuro-ophthalmic practice, and patient access to care. A higher percentage of gross national product for health care did not appear to insure an adequate supply of neuro-ophthalmologists. 


	In order to compare and contrast how neuro-ophthalmology was practiced and how neuro-ophthalmologists were compensated in the United States as opposed to in other countries represented within the North America Neuro-Ophthalmology Society (NANOS) membership, in the spring of 2016, an 18 question survey (supplemental digital content, appendix 1) was sent to international NANOS members.
METHODOLOGY
	The 2016 NANOS membership roster was used as the source of members to be surveyed with at least one member contacted from each country other than the United States. Where there were multiple NANOS members from a given nation, more than one was contacted in an attempt to maximize the number of countries represented in thesurvey. If no responses were received from more than one person from a single nation, the first response received was utilized as the source data.
	The survey (in English) was emailed to 47 NANOS members from 31 countries; several reminders were sent if no response was received. Ultimately, 20 responses were received representing members from 15 countries (supplemental digital content, Appendix 2). Where responses needed clarification, the follow-up email inquiry was sent; all of these received adequate response. In some cases, not every question was answered by each respondent.
RESULTS
	The route of training in neuro-ophthalmology was predominantly via ophthalmology in all nations that responded (Fig 1). The number of people who practiced a significant amount of neuro-ophthalmology ranged from 5-6 (Denmark) to 100 (India) (Fig 2.).
	In terms of population data, I estimated that in the United States, there are approximately 0.8 clinicians/million people who practiced a significant amount of neuro-ophthalmology. Using 2015 population data from the World Health Organization (1), those practicing a significant amount of neuro-ophthalmology outside of the United States ranged from 0.08/million (India) to 3.10/million (Israel) (Fig 3).
	The percentage of neuro-ophthalmologists who dedicated their practice exclusively to neuro-ophthalmology varied widely. In India, it was reported that no neuro-ophthalmologist practiced only neuro-ophthalmology, while in Denmark, 60-80% of the neuro-ophthalmologists practiced it exclusively (Fig E1). Whereas 10/14 (71%) of respondents indicated that at least half of those practicing a significant amount of neuro-ophthalmology were at academic centers, the actual numbers ranged from 4% (Uniteed Kingdom) to 90% (France, Japan) (Fig E2).
	The respondents were asked to characterize access to neuro-ophthalmology as being a) adequate, b) in short supply or c) a severe shortage. Two countries (Switzerland, Israel) were said to have had an adequate supply to allow appropriate access while a shortage was found in 11/15 countries , and a severe shortage in two (Great Britain, Chile) (Fig E3). Those nations with adequate access also have attractive compensation models (see below). 
	The survey looked at where each country’s neuro-ophthalmologists had received their training. In 9/15, at least 50% were home-nation trained. In 5/15, at least half had received some neuro-ophthalmology training in the United States (Fig E4). However, the survey did not differentiate between active hands-on care vs. observational training, nor did it ask the duration of such training.
	Those surveyed were asked whether, for academic neuro-ophthalmologists, the prevailing compensation model was a fixed salary, fixed salary plus a productivity bonus factor, or purely productivity/collection based. In 12/15 countries there was a fixed salary model, 2/15 used salary plus a productivity component, and 1/15 reported a mix of salary and those receiving both components (Fig E5). 
	For non-academic neuro-ophthalmologists, 4/14 used fixed salary, 1/14 salary plus productivity bonus model, 8/14 solely productivity-based compensation, and 1/14 reported both an exclusively productivity based model as well as a mixed salary plus productivity compensation (Fig E6).
	A question asked the source of funding for the academic neuro-ophthalmologist, specifically asking if the government or the university provided the funding. The responses were complicated in that universities may have provided direct salary but, in some cases, the university may be government run/funded (Fig E7).
	A question was asked of the ophthalmology-trained clinicians if they could estimate the annual income of the “typical neuro-ophthalmologist” as a percentage of the typical comprehensive ophthalmologist, retinal surgeon, glaucoma specialist, and pediatric ophthalmologist. In Denmark, the United Kingdom, and Japan, all ophthalmologists were paid the same regardless of subspecialty. In India, neuro-ophthalmologists were paid “very much less”, perhaps the reason why India had the lowest number of clinicians/million people doing a significant amount of neuro-ophthalmology (Fig 3). It no country were any of the subspecialties paid lower than neuro-ophthalmologists (Fig E8).
	As to the source of consultations, in 9/14 countries, at least 50% of consult requests came from ophthalmologists. Only in Turkey and Chile did more requests come from neurology than ophthalmology. In Chile, the most common source of referrals was from neurosurgery (Fig E9).
	The survey asked if approval was needed before a neuro-ophthalmology consultation could be performed. The response from all 15 nations was “No” with the exception of Hong Kong, where the patient had to see a neurologist or ophthalmologist before being seen by a neuro-ophthalmologist.
	The survey inquired about requisite approvals for neuroimaging (CT, MRI) being requested by the neuro-ophthalmologist (Fig E10). They were not required in most countries. In Chile, they were required, but approval was from the chief of neuro-ophthalmology. In Israel, if one used the national health maintenance organization (HMO) , approval was required; outside of this health care models, it was not. In Canada, a routine scan did not require authorization, but to expedite the study approval was required by a neuroradiologist. In Brazil, authorizations were only required if the patient did not have health insurance.
	The waiting time to obtain a MRI scan was assessed, inquiring separately about patients with insurance/financial resources to cover the expense, as opposed to those who did not have these resources. For those with insurance or financial resources, in the United Kingdom, a scan deemed urgent by the neuro-ophthalmologist could be obtained on the same day.  In Chile, Hong Kong, Switzerland, Israel, Denmark, Turkey, Brazil and Canada, scans could be obtained within a few days, although in Denmark and Canada, this was for urgent, not routine scans.  In Japan, urgent scans were available; routine scans could take a couple of weeks.  In Israel and Australia, the wait was much longer if one had public insurance/HMO coverage (Fig E11).
In the United Kingdom, Switzerland, Denmark, Japan and Israel, all citizens had some form of insurance, so there was no distinct response for the wait for an MRI in a patient without financial resources or insurance coverage.  In Chile, if the patient happened to go to a hospital that had a MRI machine, they may have been able to obtain the scan on the same day.  Hong Kong had the longest wait, which might have been a year.  France reported a 45-60 day wait.  Turkey reported a 2-4 week wait, Australia had a 1-2 week wait if urgent, and 6-8 weeks if routine.  Canada reported up to a 7 day wait if urgent, but a 4-6 month wait if routine.   Those using governmental public insurance in Brazil found a wait of several weeks to a few months, and Singapore dealt with this on a case-by-case basis through a social worker (Fig E12). 
To the question, “Are there impediments to practicing neuro-ophthalmology in your nation that you think are not seen by physicians in the United States? “, the response from South Korea was that neuro-ophthalmology was not yet established as a subspecialty, and that there was low insurance compensation for a neuro-ophthalmology consultation.   From Hong Kong, it was noted that 
for those patients cared for at public hospitals, there is a long waiting time for visual fields, OCT, electrodiagnostics, and neuroimaging.  From Australia, it was noted that neuro-ophthalmology was not completely accepted as a specialty, and that the geography (large country, less dense population) was a challenge.  In Brazil, a larger percentage of the population lives in poverty and these individuals were only covered by governmental insurance.  The response from Japan noted it was difficult to start a practice that was exclusively neuro-ophthalmology due to a fee schedule that reimbursed uniformly for all subspecialties. A number of other interesting comments also were reported (supplemental digital content, appendix E3).
DISCUSSION  
	In considering access to neuro-ophthalmic care, it is important to interpret the data in the context of each country’s investment in health care. I looked at per capita gross national product (GNP) and what percentage of the GNP is allocated to health care (Fig 4). High GNP does not insure access to neuro-ophthalmic care.  Singapore, Switzerland, and the United States had the three largest per capita GNP’s; yet only respondents from Switzerland reported adequate access to neuro-ophthalmologists. Switzerland also had the second highest density of those practicing a significant amount of neuro-ophthalmology.  Devoting a large percentage of GNP to healthcare also did not guarantee access to neuro-ophthalmologists.  The United States, Switzerland, and France devoted the largest portion of their GNP to healthcare; yet only Switzerland reported adequate access.  
That only Switzerland and Israel reported adequate access to neuro-ophthalmologists is no surprise, as they also reported the highest number of clinicians per capita practicing a significant amount of neuro-ophthalmology. In both Switzerland and Israel, the discipline is well recognized, and in these nations, the variance between the lowest and highest paid ophthalmic subspecialties was less than in most countries (Fig E5). Perhaps this minimized the impact of those intellectually drawn to neuro-ophthalmology from selecting another specialty. In Switzerland, a respondent commented that “10 years ago, a sophisticated reimbursement system was implemented that is quite unique.  It is not technical procedures, but rather time that physicians spend with their patients.  For neuro-ophthalmologists, this represents a major advantage.”  Yet in nations where all ophthalmologists are paid the same amount (United Kingdom, Denmark, Japan) Japan and Denmark were reported to have inadequate access to neuro-ophthalmologic care, and Great Britain reported a severe shortage.  Thus, it is not just levels of reimbursement that may impact access to neuro-ophthalmologists.  A clue may come from a response from Japan, where it was pointed out that although the payment may be the same for a visit in any ophthalmic subspecialty, the work load for each visit was higher in neuro-ophthalmology.
	Other publications have reported similar issues regarding attracting people to enter the field of neuro-ophthalmology.  In Brazil, Simao (2) found three issues interfering with developing an adequate supply of neuro-ophthalmologist; lower compensation, inadequate sites for training in neuro-ophthalmology within Brazil, and a lack of support for the discipline by the public health system.  Although we did not receive a survey response from a member based in Germany, Hos et al (3) reporting on a survey of German ophthalmology residents found that the only subspecialty where they perceived a lack of sufficient training was in neuro-ophthalmology 
A weakness of this survey was the intentional use of the word “significant” in question 2, “How many people does your nation have who practice a significant amount of neuro-ophthalmology?”  There was no way of identifying, let alone surveying, every neuro-ophthalmologist in each country.  Given that that we were asking a NANOS member about others in their country, I thought this term would better capture the best estimate of “committed practitioners” than trying to use a threshold percentage of effort and have them guess about how many colleagues met it.   Another limitation was relying upon information that was the personal knowledge of only one respondent from each country without the ability to assess how knowledgeable this person was.  There is no way to determine if this person was basing their responses upon data that they had access to or if their responses were anecdotal impressions.
	In conclusion, individual national health care systems and compensation models have had a profound influence upon the rewards and challenges that face neuro-ophthalmologists. There appears to be a relationship involving recognition of the subspecialty, financial rewards of neuro-ophthalmic practice, conditions that permit full-time neuro-ophthalmic practice, and patient access to care. Greater health care expenditure/GNP did not appear to insure an adequate supply of neuro-ophthalmologists.  Regardless of levels of compensation, in some countries there are barriers making it difficult for patients to access a neuro-ophthalmologist, and once that access is achieved, there are impediments to efficient delivery of neuro-ophthalmic care. Failure to address these issues will have a profound effect on the future of neuro-ophthalmology throughout the world. 
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Figure Legends
Figure 1.	Training paths for neuro-ophthalmology.
Figure 2.	Number of clinicians who practice a significant amount of neuro-ophthalmology.
Figure 3.	Clinicians practicing a significant amount of neuro-ophthalmology/million population.
Figure 4.	Gross national product and health care expenditure.






APPENDIX E1 SURVEY QUESTIONS
A. QUESTIONS ABOUT NEURO-OPHTHALMOLOGISTS IN YOUR NATION
1. What percentage of your nation’s practicing neuro-ophthalmologists would you estimate are trained in:
A. Ophthalmology 
B. Neurology 
C. Both 
D. Other
2. [bookmark: OLE_LINK15][bookmark: OLE_LINK16]How many people does your nation have who practice a significant amount of neuro-ophthalmology? 
3. What percentage of your nation’s practicing neuro-ophthalmologists would you estimate exclusively practice neuro-ophthalmology? 
4. What percentage of your neuro-ophthalmologists who do a significant amount of neuro-ophthalmology are academic-based for most of their professional efforts? 
5. Is there adequate access to neuro-ophthalmology, or is there a shortage of neuro-ophthalmologists? 
6. What percentage of the people who practice a significant amount of neuro-ophthalmology in your nation trained in neuro-ophthalmology in 
a. Your nation? 
b. In the United States? 
c. Elsewhere?  (Please note which nations if there is a preponderance of 1-2 nations besides your home and the US) 
B. QUESTIONS ABOUT COMPENSATION MODELS:
7. For academic neuro-ophthalmologists, which of these is the prevailing method of compensation?
a. Straight salary 
b. Straight salary plus a productivity bonus/factor
c. No salary, purely productivity/collection based income
8. For non-academic neuro-ophthalmologists, which of these is the prevailing method of compensation?
a. Straight salary 
b. Straight salary plus a productivity bonus/factor
c. No salary, purely productivity/collection based income
9. Who pays the academic neuro-ophthalmologist in your nation?  The state?  The university? 



10. For those of you who are ophthalmology trained, can you estimate the annual income of the “typical pure neuro-ophthalmologist” as a percentage of the typical
1. Comprehensive ophthalmologist 
2. Retinal surgeon
3. Glaucoma specialist
4. Pediatric ophthalmologist
C. QUESTIONS ABOUT THE SOURCE OF YOUR PATIENTS:
11. What percentage of a typical neuro-ophthalmologist’s referrals are requested by:
a. An ophthalmologist?  
b. A neurologist? 
c. A neurosurgeon? 
d.  A primary care physician? 
e. An optometrist? 
f. An ancillary provider (nurse, physician assistant)? 



D. MISCELLANEOUS QUESTIONS
12. Are any approvals required in your country to see a neuro-ophthalmologist? 
13. If a neuro-ophthalmologist deems that a CT or MRI scan is required, are there approvals that have to be obtained, and if so, from whom?
14. If you want an MRI for a patient, what would you estimate the wait would be if the patient has financial resources or insurance to cover the costs where required? 
15. And what if they did not have the resources or insurance? 
16. Are there impediments to practicing neuro-ophthalmology in your nation that you think are not seen by physicians in the United States? 
17. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Are there characteristics of the practice of neuro-ophthalmology in your nation that you think are an advantage to what you know of the practice of your United States colleagues
18. [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Are there any other questions that you think I should be asking you? 
19. 

20. 
21. APPENDIX E2
22. COUNTRIES SURVEYED (THOSE WITH RESPONSES IN BOLD ITALICS)
23. 
24. ARGENTINA
25. AUSTRALIA
26. BELGIUM
27. BRAZIL
28. CANADA
29. CHILE
30. CHINA (mainland) 
31. CHINA (Taipei)
32. DENMARK
33. EGYPT
34. FRANCE
35. GERMANY
36. HONG KONG
37. INDIA
38. ISRAEL
39. ITALY
40. JAPAN
41. REPUBLIC OF KOREA
42. KUWAIT
43. NEW ZEALAND
44. NORWAY
45. PHILLIPINES
46. ROMANIA
47. SAUDI ARABIA
48. SINGAPORE
49. SWITZERLAND
50. THAILAND 
51. TURKEY
52. UNITED ARAB EMIRATES
53. UNITED KINGDOM
54. VENEZUELA
55. 
LEGEND FOR CHARTS
56. 
57. AUSTRAL=Australia
58. DNMK= Denmark
59. HK= Hong Kong
60. KOREA= Republic of Korea
61. NEUROSURG= Neurosurgeon
62. OPHTH= Ophthalmologist
63. OPTOM= Optometrist
64. PCP= Primary Care Physician
65. SING= Singapore
66. SWISS= Switzerland
67. TURK=Turkey
68. UK= United Kingdom
69. 
70. 

71. Appendix E3 – Miscellaneous comments by respondents to survey questions
72. Respondents were asked “Are there characteristics of the practice of neuro-ophthalmology in your nation that you think are an advantage to what you know of the practice of your United States colleagues?”   Responses included pointing out that an advantage of equal pay in all ophthalmic specialties was that clinicians could enter the field of neuro-ophthalmology without concern that their choice of discipline negatively impacts their potential compensation. Another respondent pointed out that an advantage of being on a fixed salary was the removal of the perceived need to increase the number of patients that one saw simply to generate more income. 
73. Other responses pointed out that in a national health care model, one does not have issues regarding difficulty accessing procedures because of undervalued payments (e.g. temporal artery biopsies in the United States).  Another perceived advantage of a national health care program was the easier access of patients obtaining their health care, and the lack of issues regarding insuring payment from a patient or carrier. 
74. Another response pointed out that in a nation where one did not practice neuro-ophthalmology full-time, there was a positive side, that is, one could take care of a broader range of ophthalmic or neurologic problems in a given patient if one was less specialized. 
75. 	Multiple respondents mentioned the lack of a requirement to obtain approval from a supervising authority for needed testing was an advantage that they had in their nation.   One respondent pointed out that although their citizens were less litigious, they were becoming more so. 
76. There were few responses to “Are there any other questions that you think I should be asking you?”  From Australia, it was pointed out that there were no neuro-ophthalmology training programs anywhere in Australia. 
77. 
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