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Abstract

Purpose This study assessed the completeness of

clinical information provided by ophthalmological

and optometric referrals to glaucoma specialists

consulting for open-angle glaucoma (OAG).

Methods A retrospective, cross-sectional study of 72

internal referrals for evaluation of OAG in a multi-

specialty group practice was performed. The quality of

the referral was assessed based on: (1) the complete-

ness of the clinical triad of intraocular pressure

measurement, visual field (VF), and cup-to-disk ratio

for each eye; (2) the availability of the data necessary

to calculate an ocular hypertension treatment study

(OHTS) score; and (3) the presence of retinal nerve

fiber layer (RNFL) imaging by mean of optical

coherence tomography.

Results The clinical triad was available in 57% of

referrals, whereas an OHTS score was calculable in

24% of referrals (p\ 0.001); RNLF imaging was

available in 51% of referrals (p = 0.859). The com-

pleteness of clinical information was similar for

ophthalmological and optometric referrals. From the

date of referral to the time of the consultation, there

was a significant increase in the availability of the

clinical triad (57–65%; p = 0.013) and the OHTS

score (24–5%; p = 0.004) but not for RNFL imaging

(51–56%; p = 0.618). The most common missing

clinical information was VF testing, which was absent

in 42% of referrals.

Conclusions Key clinical data necessary for effec-

tive diagnosis and staging of OAG was lacking for

many patients referred to glaucoma specialists.
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Abbreviations
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IOP Intraocular pressure

VF Visual field

CDR Cup-to-disk ratio

OHTS Ocular hypertension treatment study

EMR Electronic medical record

OHT Ocular hypertension

RNFL Retinal nerve fiber layer

OCT Optical coherence tomography
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CCT Central corneal thickness

Introduction

Many eye conditions are difficult to diagnose and

manage without a specialist’s input. This is particu-

larly true for open-angle glaucoma (OAG), a progres-

sive condition that requires longitudinal evaluation

and lifelong management. Timely referral of at-risk

patients to a glaucoma specialist is often a critical step

in slowing disease progression [1]. The increasing

number of glaucoma patients owing to an aging

population, coupled with a shortage of glaucoma

specialists, places an increasing strain on the ability to

provide optimal care to these patients [2, 3].

The quality and completeness of information

accompanying a referral govern the effectiveness of

the initial consultation with a glaucoma specialist.

Previous studies have evaluated the quality of glau-

coma referral letters from optometrists [4], the positive

predictability of a glaucoma referral based on the

completeness of information provided by optometrists

[5], and whether standardization of the glaucoma

referral process could reduce unnecessary referrals

[6]. These studies found that while many referrals lack

important information, the most effective referrals

included at least intraocular pressure (IOP) and cup-

to-disk ratio (CDR) measurements. Additionally,

formal referral with complete information promoted

consistency in communicating disease classification

between optometrists or general ophthalmologists and

glaucoma specialists [4–8].

The aim of our study is to identify factors limiting

the ability of consulting glaucoma specialists to

evaluate for OAG and suspected glaucoma in patients

who were referred from ophthalmological and opto-

metric providers within an academic multispecialty

group practice. We reviewed the completeness of

internal referrals by comparing the availability of two

related quality measures. The first was the presence of

the clinical triad employed by Lockwood et al. [5],

defined as an IOP measurement, reliable threshold

visual field (VF) test, and assessment of the CDR for

each eye. The second classification was the availabil-

ity of all data required to compute an ocular hyper-

tension treatment study (OHTS) score [9, 10], a more

detailed set of criteria which expands upon the clinical

triad by adding additional risk factors. Though not

formally part of either the clinical triad or OHTS

calculations, we also examined whether referrals had

retinal nerve fiber layer (RNFL) imaging by means of

optical coherence tomography (OCT). Finally, we

examined the outcome of the subspecialist evaluation

on the diagnosis and treatment of the patient.

Methods

Study design

The study constituted a retrospective, cross-sectional

case series of internal referrals to glaucoma specialists

within a multispecialty group practice. The research

followed the tenets of the Declaration of Helsinki and

was approved by the Institutional Review Board of the

Lahey Hospital & Medical Center in Burlington,

Massachusetts. Two hundred seventy-three patients

seen by one of three glaucoma providers at the Lahey

Hospital & Medical Center in the month of July 2016

were selected for case review. Data available at the

time of and prior to the date of the initial consultation

were extracted from the electronic medical record

(EMR). Glaucoma was divided broadly into two

groups by ICD-10 code: (1) glaucoma suspects

(H40.0), including ocular hypertension (H40.05);

and (2) OAG (H40.1), including primary open-angle

glaucoma (POAG) (H40.10 and H40.11), low tension

glaucoma (H40.12), pigmentary glaucoma (H40.13),

and pseudoexfoliation glaucoma (H40.14). Exclusion

criteria included (1) referral to a glaucoma specialist

for something other than OAG; (2) referral from a

provider outside of the multispecialty group practice;

(3) an initial consultation occurring more than 5 years

prior to the study inception; and/or (4) a history of

IOP-lowering medication, glaucoma laser, or glau-

coma surgery prior to the date of referral.

Demographic and clinical data related to ocular

health and glaucoma for each subject were extracted

from the patient’s chart. These included dates of birth,

gender, family history of glaucoma, and self-reported

race or ethnicity. OAG case definitions were based on

structural and/or functional evidence of glaucomatous

optic neuropathy as evaluated by a glaucoma specialist

through clinical evaluation of the optic disk with slit

lamp biomicroscopy, supplemented by VF and/or
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RNFL imaging. IOP was measured by Goldmann

applanation tonometry. Anterior chamber angle/depth

was determined by slit lamp examination and gonio-

scopy. CDR was determined by slit lamp biomi-

croscopy. Threshold VF testing was performed using

the Humphrey Visual Field Analyzer (Carl Zeiss

Meditec Inc., Dublin, California). VFs were consid-

ered reliable as long as fixation losses, false negative

rate, and false positive rate were all below 20%. The

retinal nerve fiber layer (RNFL) was assessed by

spectral domain optical coherence tomography (OCT;

Cirrus [Carl Zeiss Meditec, Inc] or Spectralis [Hei-

delberg Engineering, Inc, Heidelberg, Germany]) and

central corneal thickness (CCT) by pachymetry

(POCKET II Pachymeter; Quantal Medical, Inc,

Rockwall, Texas).

Performance measures

Three measures of the completeness of clinical data

available at the time of referral and subsequent

consultation were used in this study: (1) the clinical

triad consisting of IOP measurement, threshold VF

testing, and assessment of the CDR for each eye; (2)

the availability of all the data required to compute an

OHTS score, comprising the patient’s age together

with three IOP measurements, two reliable VF mea-

surements, a CDR, and three measurements of CCT

per eye [9–11]; and (3) the presence of RNFL imaging

by means of OCT.

Statistical analysis

Data were coded in Microsoft Excel 2010 (version

14.0, Microsoft Corporation, Redmond, Washington)

and analyzed using RStudio version 1.1.422 (RStudio:

Integrated Development for R. RStudio, PBC, Boston,

Massachusetts). OHTS scores were calculated using

the Point System Risk Calculator (Washington

University School of Medicine, St. Louis, Missouri)

[9–11]. All tests were two-sided, and p values below

0.05 were regarded as statistically significant.

Results

Demographics

A total of 144 eyes of 72 patients was included in the

study. The demographics of the patients are summa-

rized in Table 1. The dates of the initial consultation

with a glaucoma specialist ranged from August 3,

2011, to July 29, 2016. At the time of referral, patients

were 35 to 89 years of age (mean 69.9 ± 10.0 years),

49% female, and 93% self-reported their race as

White. Fifty-four patients were referred by optome-

trists and eighteen by ophthalmologists. No significant

differences were found in age, gender, or race between

the two referral sources.

Completeness of referral

The completeness of data for each referral was

evaluated both at the time of referral and on the date

of consultation with the glaucoma specialist. Taken

into account were the availability of the clinical triad,

the data necessary to calculate an OHTS score, and the

presence of RNFL imaging (Table 2). Every referral

included an IOP and CDR. All instances of an

incomplete clinical triad involved the absence of a

reliable VF. At the time of referral, 61% of patients

from optometry had a reliable VF compared to 44% of

referrals from ophthalmology (p = 0.226). In some

cases, a reliable VF test was obtained in the period

between the referral and date of the initial consultation

with the glaucoma specialist. This resulted in an

increase in availability of the clinical triad from 57%

at the time of referral to 65% at the initial glaucoma

consultation (p = 0.013). Overall, 53 patients

attempted the VF testing prior to referral to a

glaucoma specialist with 4 additional patients obtain-

ing VFs by the time of the consultation. Of 117 eyes

tested, 105 yielded a reliable test result (90%). At the

time of referral, 24% of patients had sufficient data

with which to calculate an OHTS score (Fig. 1),

increasing to 35% by the date of initial glaucoma

consultation (p = 0.004). For the 55 patients with

insufficient data for OHTS score calculation at the

time of referral, 18 lacked a sufficient number of IOP

measurements, 20 did not have a CCT, and 50 arrived

at the consultation with fewer than two reliable VFs.

OHTS calculation requires two reliable VF tests; most

of these patients did not have a single reliable VF. At
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the time of the referral, RNFL imaging was available

for only 51% of eyes, increasing to 56% of eyes by the

date of the consultation (p = 0.618). Family history of

glaucoma was assessed for all subjects on the date of

consultation, but at the time of referral was only

documented in 92% of patients (p = 0.071). Assess-

ment of family history of glaucoma was noted in only

89% of optometry referrals compared to 100% of

ophthalmology referrals (p = 0.409).

Accuracy of CDR assessment

There was no difference in the average CDR for

patients referred by optometrists versus ophthalmol-

ogists (0.53 ± 0.16 vs. 0.56 ± 0.16, p = 0.301), but

the glaucoma specialist often judged the cup as larger

for the eyes referred by optometrists (0.02 ± 0.10,

p = 0.017) and ophthalmologists (0.03 ± 0.09,

p = 0.046). Although there were cases where the

referring eye doctor overestimated the CDR

(0.03 ± 0.10, p = 0.002, range -0.2 to 0.4), the

glaucoma specialist judged the cup larger more than

twice as often as smaller (51 eyes vs 18 eyes).

However, the intra-class correlation coefficient for

CDR was 0.804 (95% CI 0.738—0.855), indicating

generally good reliability and agreement in the CDR

as judged by the referring optometrists and ophthal-

mologists and the glaucoma specialist.

Outcome of referrals

After evaluation by the glaucoma specialists, 77 eyes

of 72 patients were confirmed to have glaucoma, or its

suspicion: 58 eyes from optometry referrals (54% of

total) and 19 eyes from ophthalmology referrals (53%

of total). Of those eyes, 77% were classified as

glaucoma suspects and 23% as having OAG. There

was no difference in the rate of glaucoma suspects

versus OAG between cases referred by optometrists

compared to ophthalmologists (p = 0.462). Consider-

ing the worse eye as a means of classifying each

patient, only 17 patients (24%) received a diagnosis

from the glaucoma specialist that differed from the

referring diagnosis (Table 3). Of those 17 patients, 15

(88%) were diagnosed by the specialist as having

glaucoma rather than suspected glaucoma, and only

two were downgraded from glaucoma to suspects

based upon the available clinical data. Patients diag-

nosed with likely glaucoma at the consultation (25%)

returned for the next follow-up with the glaucoma

specialist within an average of 51 ± 20 days versus

170 ± 231 days for those without likely glaucoma

Table 1 Demographics

SD: Standard deviation

All (n = 72) Optometry (n = 54) Ophthalmology (n = 18) p-value

Age (mean ± SD) 69.9 ± 10.0 69.1 ± 10.2 72.6 ± 8.9 0.193

Gender (%)

Female

49% 50% 44% 0.688

Race (%)

White

86% 83% 94% 0.403

Table 2 Availability of clinical data at time of consultation

Measurement Time point All referrals (n = 72)

(%)

Optometry referrals

(n = 54) (%)

Ophthalmology referrals

(n = 18) (%)

p-
value

Clinical triad Referral 57 61 44 0.226

Glaucoma

Specialist

65 70 50 0.136

OHTS score

[7–9]

Referral 24 26 17 0.394

Glaucoma

Specialist

35 35 33 0.888

RNFL imaging Referral 51 54 44 0.504

Glaucoma

Specialist

56 56 56 1.000
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(p\ 0.001); a majority of those patients had an

upgrade to their diagnosis from glaucoma suspect to

likely glaucoma at the consultation (83%). Those

patients who had their diagnosis upgraded were also

more than twice as likely to require three or more visits

within the first year after the initial consultation.

Changes in glaucoma treatment, e.g., adjunctive

therapy, were tracked during the first year after the

initial consultation. At the initial consultation, 36 of

the 72 patients in the study (50%) were prescribed

medical treatment, and by the end of one year from the

initial consultation, a total of 49 patients (68%) had

received some form of glaucoma treatment (Table 4).

Discussion

A review of internal referrals of patients with OAG or

suspected glaucoma within our academic medical

center revealed that clinical information necessary to

diagnose accurately and stage the disease is frequently

incomplete. Only 57% of internal referrals to a

glaucoma specialist had a complete clinical triad,

Fig. 1 Diagram of

components of the OHTS

score availability at the time

of referral. All referrals

included age and CDR. The

remainder had one or more

components necessary for

calculating the OHTS score

unavailable, CDR: cup-to-
disk ratio, IOP intraocular

pressure, VF visual field.

CCT central corneal

thickness, OHTS ocular

hypertension treatment

study

Table 3 Diagnostic outcomes

Outcome All referrals

n (%)

Optometry referrals

n (%)

Ophthalmology referrals

n (%)

Diagnosis upgraded by glaucoma specialist 15 (21%) 10 (19%) 5 (28%)

Diagnosis downgraded by glaucoma specialist 2 (3%) 2 (4%) 0 (0%)

Total change in diagnosis from referral 17 (24%) 12 (22%) 5 (28%)
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and fewer than a quarter had all of the data necessary

to calculate an OHTS score. RNFL imaging, an

increasingly important modality for assessing the risk

of glaucoma and objectively monitoring progression

[12–14], was available for only about half of eyes.

Complete testing by a referring clinician may not

always be necessary for a glaucoma specialist to make

a diagnosis and treatment plan for a patient with

glaucoma, and specialists should also be expected to

obtain necessary additional data if the referrals are

incomplete. However, a lack of key clinical informa-

tion at the time of referral further taxes the resources of

the subspecialist and reduces the efficiency of the

consultation process. Our study reveals that ophthal-

mologists and optometrists are requesting the opinion

of a glaucoma specialist early in management, which

is preferable to delaying subspecialist input until

irreversible vision loss has taken place, but the

collection of more clinical data before referral will

allow for more effective use of the limited number of

glaucoma specialists. Social and/or medical circum-

stances for referrals may vary based on their locality.

For example, not all eye care practices have access to

VF and OCT machines, so the problem of missing key

clinical data could be even more acute in the case of

outside referral sources. This was not assessed in the

present study.

The diagnosis of glaucoma requires a comprehen-

sive evaluation of the patient beyond characterizing

the structure of the optic disk or observing an elevated

IOP. There are other well-known risk factors for

glaucoma such as family history of the disease, a thin

central cornea, high refractive error, and functional

testing which is needed to identify the characteristic

defects indicative of a glaucomatous optic neuropathy.

Even when all of these data have been collected, input

by a subspecialist may still be needed to confirm the

diagnosis or guide treatment. Given that Mas-

sachusetts specifically prevented optometrists from

writing prescriptions for the treatment of glaucoma at

the time this study was conducted, a greater number of

consultations might be expected from optometrists

compared to ophthalmologists, whose licenses

allowed them to treat glaucoma. This could cause

optometrists to be more cautious in cases of suspected

glaucoma, lowering their threshold for referral. In our

multispecialty group practice, optometrists and non-

glaucoma specialist ophthalmologists are equal in

number, yet the number of glaucoma consultation

requests was three to one in favor of the former.

Massachusetts state law has recently expanded the

scope of practice for optometrists to allow for the

medical treatment of glaucoma [15].

The prospective study of optometric referrals

conducted by Lockwood et al. [5] identified the

clinical triad as most predictive of a diagnosis of

glaucoma. We, therefore, selected the clinical triad as

the minimum standard for a high-quality referral.

Lockwood’s study found that 66% of patients referred

for glaucoma evaluation had a complete clinical triad

[5]. This is comparable to the 61% of optometric

referrals in our study. In comparison, our internal

referrals from ophthalmological providers had a

complete clinical triad only 44% of the time. All

instances of an incomplete triad resulted from missing

a reliable VF for both optometry and ophthalmology

Table 4 Treatment changes at initial glaucoma consult and after 1 year

Therapy Time point All referrals

n (%)

Optometry referrals

n (%)

Ophthalmology referrals

n (%)

Any adjunctive treatment At consult 36 (50%) 28 (52%) 8 (44%)

In year following consult 53 (74%) 38 (70%) 15 (83%)

Medication (added or changed) At consult 36 (50%) 28 (52%) 8 (44%)

In year following consult 49 (68%) 35 (65%) 14 (78%)

Laser At consult 0 (0%) 0 (0%) 0 (0%)

In year following consult 4 (6%) 3 (6%) 1 (6%)

Surgery At consult 0 (0%) 0 (0%) 0 (0%)

In year following consult 0 (0%) 0 (0%) 0 (0%)
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referrals. In the majority of these cases, a VF was

never scheduled or attempted, as opposed to being an

unreliable test result, which was the case for only 10%

patient. Not all patients are capable of VF testing [16]

and the presence of a reliable VF may not significantly

affect a referral’s diagnostic positive predictive value

according to Lockwood et al. [5] and others [17].

Nevertheless, lacking clinical information at the time

of subspecialist consultation reduces the efficiency of

subspecialty consultation for diagnostic purposes.

VF testing is subjective and prone to inter-test

variability, whereas imaging of the RNFL is objective

and can be used in cases where patients are unable or

unwilling to do VF testing [13]. We are unable to

establish why so many patients were without VF

information at the time of the consultation. If this was

because of physical limitations or due to acuity, one

might expect RNFL imaging to be present to a greater

extent, since this provides complementary information

to functional testing and may even predict functional

deficits [12–14]. We did not assess whether analysis of

the ganglion cell complex was performed for any of

the patients in our study, but this method is increas-

ingly being recognized as an important means of early

diagnosis and monitoring of glaucoma [18, 19].

Communication between a referring eye care

provider and subspecialist relies not only on the

completeness of the referral, but also on the accuracy

of the information provided with the referral.

Although we observed a statistically significant

difference in the CDR measurements between the

referring doctor and the glaucoma specialist, the

average difference was not clinically meaningful,

and there was generally good agreement in the

characterization of the optic disk for the patients

referred. However, we cannot exclude the possibility

that a shared EMR biased glaucoma providers’

assessment of the CDR in our study. The referring

diagnosis for patients sent by both optometry and

ophthalmology aligned fairly well with the impression

of the glaucoma specialist. Only 24% of patients had a

change in their diagnosis from their referring doctor to

the glaucoma specialist, and only 8% of patients were

deemed to have OHT rather than a glaucoma-related

diagnosis. This indicates that both optometrists and

ophthalmologists are reasonably accurate in detecting

glaucoma, or its suspicion. When the diagnosis of the

referring doctor differed from that of the glaucoma

specialist, the referring party was more likely to have

underdiagnosed rather than overdiagnosed the patient.

In this study, we provide evidence that input from

glaucoma specialists impacted care. Fully half of

patients were prescribed medical treatment at the

initial consultation, and more than two-thirds of

patients had received some form of new glaucoma

treatment by the end of a one-year period from the

initial consultation. Glaucoma requires longitudinal

management and follow-up, and short-term outcomes

do not reflect the full value of subspecialist consulta-

tion. Although not every referral should be expected to

identify glaucoma [20], the high rate of treatment-

related events both at the time of consultation and

within the year following indicate the important

contribution of the glaucoma specialist to the man-

agement of these patients.

The limitations of the present study include its

retrospective nature, small sample size, and hetero-

geneity of the patients referred for glaucoma specialty

consultation. We excluded patients with a history of

glaucoma treatment, including both medical and

surgical management, and this may have affected the

number of patients managed by ophthalmologists

compared to optometrists. However, even allowing for

the patients excluded, the number of consults by

optometrists exceeded those from ophthalmologists,

indicating that optometrists more often sought an

opinion from a glaucoma specialist. The methodology

of our cross-sectional survey may also overrepresent

patients with positive findings or more severe disease

requiring ongoing care from a subspecialist. However,

given the large number of diagnostic consults for

patients with suspected glaucoma that we identified,

this does not seem to be the case. A future study should

also seek to identify the reasons why referring

providers might not be able to obtain a VF test by

the time of referral, or to take into account the severity

of disease in each case. It could be that referring

providers are unaware that they are making referrals

lacking key clinical information, or they could believe

the benefits of referring patients early outweigh the

burdens imposed on the glaucoma specialists who are

left to collect additional clinical data.

In conclusion, our study shows that key clinical

data necessary for effective management of glaucoma

are often missing at initial glaucoma consultations.

Provider education or implementation of decision

support tools within EMRs could encourage referring
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doctors to collect more complete data before sending

patients to a glaucoma specialist. Additionally, sup-

port staff can be trained to recognize whether a patient

has a reliable VF or available RNFL scan when

scheduling an initial glaucoma consultation. When

necessary, schedulers can then suggest that referring

providers order additional testing prior to a subspe-

cialty visit, as appropriate. This will improve both the

efficiency and effectiveness of consultation.
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