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Comparison of Damato campimetry and Humphrey automated perimetry results in a clinical population
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Background/aims: The purpose was to evaluate patient's ease of understanding of Damato campimetry assessment and determine sensitivity and specificity of results compared to Humphrey automated perimetry.

Methods: Patients underwent Humphrey perimetry and Damato campimetry on the same day.

Patients were excluded if unable to undergo Humphrey perimetry. Results were graded as matched, partially matched and not matched with those of Humphrey perimetry.

Results: 100 patients (197 eyes) were assessed: 62 females and 38 males with mean age of 62.8 Years (SD 15.98). It was not possible to plot Damato campimetry in 19 eyes (6.5%); 13 due to lack of understanding and 6 due to low vision. 178 eyes were tested with both methods. Results showed 94 eyes as true positives, 45 true negatives, 22 false negatives and 17 false positives. 95 eyes had matched visual field results, 5 partial matches and 78 eyes (36%) not matched. The extent of agreement was 0.216 (0.073/0.36CI) with Kappa analysis.

Conclusions: We found Damato campimetry to be a useful portable device to assess the visual field with optimal sensitivity of 81% and specificity of 72% based on comparison to a Humphrey 24-2 programme. 6.5% were unable to do the test. 64% had matched or partially matched results from both assessments. Further study is required to compare complete results to a Humphrey 30-2 programme and, additionally, in populations where patients do not have access to out-patient formal visual field assessments.

INTRODUCTION

In the hospital eye service, quantitative perimetry typically involves the use of specialist equipment [START_REF] Rowe | Visual fields via the visual pathway[END_REF] . These perimeters are not readily portable outside the ophthalmic unit.

Qualitative assessment of the visual field most commonly involves the technique of confrontation

where an evaluation is made of the peripheral boundaries of the field of vision, in each quadrant of the field of vision and for colour sensitivity. However qualitative assessment by confrontation is subject to considerable bias effects and hence can be inaccurate [START_REF] Pandit | Effectiveness of testing visual fields by confrontation[END_REF] .

Damato campimetry is available as a screening assessment which provides a quantitative measure of the visual field. This is easily portable and assesses the central 30 degrees of the visual field. It has been evaluated against automated perimetry in subjects with normal visual fields and patients with glaucoma [START_REF] Damato | Oculokinetic perimetry: a simple visual field test for use in the community[END_REF][START_REF] Mutlukan | Clustering of fixation targets in multifixation campimetry[END_REF][START_REF] Yamada | Screening for glaucoma with frequency-doubling technology and Damato campimetry[END_REF][START_REF] Wishart | Oculokinetic perimetry compared with Humphrey visual field analysis in the detection of glaucomatous visual field loss[END_REF][START_REF] Damato | A hand held OKP chart for the screening of glaucoma: preliminary evaluation[END_REF][START_REF] Vernon | A comparison of the OKP visual field screening test with the Humphrey field analyser[END_REF] . One study has compared it to confrontation in acute stage stroke patients [START_REF] Cassidy | Visual field loss after stroke: confrontation and perimetry in the assessment of recovery[END_REF] . For patients attending out patient hospital eye services, assessment of visual field will usually involve static or kinetic perimetry. Humphrey, Goldmann and Octopus perimetry methods are considered gold standard for quantitative perimetry. Where such perimeters are unavailable for use, alternative methods must be considered such as confrontation. However, reliability of confrontation is questionable, particularly for field loss that is not absolute or involving a considerable proportion of visual field.

We wished to consider the alternative uses of the Damato campimeter in the hospital eye service. As our gold standard is static and kinetic perimetry, we chose to compare the campimeter to Humphrey standard automated perimetry. Referrals to our visual field clinics consist mainly of glaucoma and ocular hypertension patients and suspects, but also neuro ophthalmology and optic neuropathy cases, etc. Thus we wished to evaluate the accuracy of Damato campimetry assessment across this wide range of ocular conditions requiring visual field evaluation. The primary objectives were to determine the ease of understanding of the test by patients and determine the sensitivity and specificity of the test in comparison to Humphrey visual field assessment. By evaluating the sensitivity and specificity of the Damato test we wished to determine its reliability and validity for use in eye services.

MATERIALS AND METHODS

The Damato 60-point campimeter (Precision Vision™, USA) was used in this study (figure 1). It is a hand held device which can be propped on a table to ease its handling by the patient. This examines the central 30 degrees of the field of vision and consists of 60 numbered points: the numbers are printed in blue colour. It includes a single dial with five contrast levels. For the purposes of this study, we chose the 3mm 100% contrast black target instead of a lower contrast target as we wished to use the test as a screening tool. The test has a hinged arm of 40cms length with an occluder on the end of the arm. The patient was instructed to look from number to number in a consecutive sequential manner and to report if the central black target disappeared from view while looking at each number. If the target disappeared the corresponding number at which this happened was marked on the recording chart. Results were recorded by the examiner without comment so as not to create any bias. The test was performed in ambient light conditions in the same room for all patients. Patients wore their appropriate near spectacle correction if required. The examiner was seated directly opposite the patient in order to observe patient fixation at all times.

Humphrey automated perimetry was undertaken in all patients using the central 24-2 programme.

Reliability was determined for Humphrey perimetry results by documenting fixation losses, false positive and false negative catch trials. Presence of visual field defect was defined as presence of 2 or more affected adjacent points at p=0.01 [START_REF] Taravati | Sensitivity and specificity of the Humphrey matrix to detect homonymous hemianopia[END_REF][START_REF] Wall | Total deviation probability plots for stimulus size V perimetry[END_REF] .

Tthe 24-2 programme is the standard test choice in our visual field clinics. Participants did not undergo a 30-2 programme as this would have required a further change to their standard clinical assessment which was not specified in the ethical approval for this study. Therefore, for analysis the peripheral 30 degree points on the Damato chart were excluded from analysis as there were no corresponding points on the 24-2 result to compare these to. Three clinicians (a clinician undertaking the routine clinical visual field analysis plus HS and SG) performed the visual field assessments and were masked to the results of each test and were not involved in the data analysis.

The study design was a prospective, cross section study. Participants were identified randomly, i.e. notes were taken consecutively from the list waiting for visual field assessment without prior knowledge of the reason for requiring visual field assessment or knowledge of patient ability and cognition. A selection bias existed in that the patients recruited to this study had been booked in to an out-patient visual field clinic. Thus, there was an assumption that these patients had sufficient ability and cognition to undertake standard automated perimetry, although occasionally this was not the case. Although we did not know the patient's ocular condition or status of visual field prior to recruitment, there was an inherent knowledge that they should be able to perform the visual field task.

The target population was patients referred for assessment of visual field regardless of their ocular diagnosis. Glaucoma suspects were defined as patients with evidence of raised intra ocular pressure but with no prior evidence of optic disc or visual field defect. Screened subjects were defined as those with family history of glaucoma and neuro ophthalmology referrals, but with no known visual field impairment.

The study protocol consisted of visual field assessment with both Humphrey automated perimetry and Damato campimetry on the same day. The order of testing was randomised as to which of the two assessment types was used first and also for which eye was tested first in order to take fatigue effect in to consideration. We did not specify inclusion criteria. The only exclusion criterion was for patients who were unable to undertake Humphrey automated perimetry. If deemed to be able to complete Humphrey automated perimetry, patients were also deemed capable of undertaking the Damato campimetry assessment. Reasons for being unable to undertake Humphrey perimetry included poor cognition, being unwell and mobility issues such as being unable to sit upright at the Humphrey for the required duration of the test. All patients underwent perimetry following full explanation of the purpose of the test and procedure. The demonstration option on the Humphrey perimeter was not used. Of 197 eyes (figure 3) it was not possible to plot a Damato result in 19 eyes (9.5%). Ocular diagnoses for these patients included screening, primary open angle glaucoma and tilted discs. In 13 eyes (6.5%) the patient could not understand how to do the test as they could not grasp the concept of looking at the numbers and not at the central target. In six eyes (3%) there was poor visual acuity which prevented the patient from seeing the blue numbers on the screen. The visual acuity for these eyes was a mean of 0.86 logMAR (one eye with 0.6, two eyes with 0.9 and three eyes with 1.0). 178 eyes underwent assessment by both Humphrey perimetry and Damato campimetry (table 1). On Humphrey perimetry, patients with normal visual field results had a mean mean-deviation (MD) of -0.96 (SD 1.32), mean pattern standard deviation (PSD) of 1.54 (SD 0.43) and mean duration of 4.39 minutes (SDE 1.13). Patients with visual field defects had a mean MD of -6.33 (SD 6.24), mean PSD of 5.14 (SD 3.80) and mean duration of 5.37 minutes (SD 1.75).

DISCUSSION

Damato campimetry involves movement of the eyes instead of the test stimulus and has been termed oculokinetic perimetry [START_REF] Damato | Oculokinetic perimetry: a simple visual field test for use in the community[END_REF][START_REF] Mutlukan | Clustering of fixation targets in multifixation campimetry[END_REF] . It has been proposed as a method of home assessment and a method to enable health care professionals to participate in screening programmes 3 .

Our aims were to determine the ease of understanding by patients and determine the sensitivity and specificity of results in comparison to Humphrey perimetry. We firstly questioned whether there were any difficulties in patient understanding of the test which would lead to an inability to undertake the test. It was not possible to undertake Damato assessment in 13 eyes (6.5%) [7 patients] because of a failure to understand the procedure. Damato 3 stated that the majority of subjects invited to carry out the assessment understood what was required of them.

Failure to understand the test could increase in populations such as stroke survivors due to the frequent association of cognitive defects following cerebrovascular accident. Cassidy et al [START_REF] Cassidy | Visual field loss after stroke: confrontation and perimetry in the assessment of recovery[END_REF] found that of 75 stroke patients with visual field impairment indicated by clinical examination only 19 were able to cooperate with oculokinetic perimetry. Reasons included impaired language function, confusion and ability to concentrate. It is unclear from this study if the oculokinetic perimetry method consisted of the Damato campimeter. Further research of this particular population is required to answer what extent such cognitive defects impact on the ability to understand and thus undertake Damato campimetry. However, all patients in this study with neurological conditions such as head injury, multiple sclerosis, stroke and pituitary adenoma were able to perform the test. A distinction may perhaps be required between acute stage and assessment at a later time interval.

In this study, for six eyes (3%) the assessment could not be undertaken because of low vision whereby the patient could not see the blue numbers on the test screen. These patients were able to fixate the central bright orange light on the Humphrey perimeter. To our knowledge this has not been reported previously and is a factor that will have to be considered as a limitation on the use of this assessment. Thus knowledge of visual acuity is essential before considering whether patients can undertake this assessment.

In comparison to Tubinger perimetry (automated static stimuli), 9% of subjects produced false negatives and 13% produced false positives with Damato campimetry 3 . 33% were reported as having normal visual fields but with some missed peripheral test locations on Damato campimetry 3 . We noted false negatives of 12% and false positives of 9.5%.

Yamada et al 5 compared Damato campimetry and frequency doubling technology to Humphrey perimetry using subjects with normal visual fields and patients with definite glaucoma. Optimal sensitivity and specificity values were reported as 53% and 90% respectively. This compared to sensitivity and specificity values of 61% and 83%, 85% and 62%, 80% and 88% respectively among clinic based populations [START_REF] Wishart | Oculokinetic perimetry compared with Humphrey visual field analysis in the detection of glaucomatous visual field loss[END_REF][START_REF] Damato | A hand held OKP chart for the screening of glaucoma: preliminary evaluation[END_REF][START_REF] Vernon | A comparison of the OKP visual field screening test with the Humphrey field analyser[END_REF] in which Damato campimetry was also compared to Humphrey perimetry.

Our sensitivity and specificity values were 81% and 72% respectively in our clinic based population.

Variances across all studies are likely to relate to the different models of Damato campimetry used, number of test locations and presented stimuli, and differences in populations studied. These factors should be taken into consideration and the appropriate Damato model chosen according to the required number of test locations for the population that the assessment is to be used with.

One limitation of our study is that we used 24-2 programme on Humphrey perimetry and not the 30-2 programme. The reason for this was the 24-2 is our test choice for central visual field assessment.

In order to minimise the impact of this research study to already busy out-patient clinics, we decided not to alter the test choice but to discount the peripheral 30 degree points on the Damato test. The purpose was to determine accuracy of the test and this could be achieved by comparing the points of the 24-2 programme against the corresponding points on the Damato chart. Never-the-less, it is acknowledged that sensitivity and specificity may alter if the peripheral 30 degree points that we population such as ward-bound in-patients in whom assessment must, by necessity, be undertaken on the ward. Indeed sensitivity and specificity may improve further because of the dense nature of visual field defects in conditions such as cerebrovascular accident -a fact that has been reported using confrontation methods 13 Humphrey perimeter total deviation plot shows considerable p<1% deficits including the central field but less in the superior n asal field.

Damato campimetry chart shows considerable misses but also in the superior nasal field with none in the central field.

C Non match

Humphrey perimeter total deviation plot shows deficits, predominantly in the inferior field.

Damato campimetry chart shows no misses.
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  ethical approval for this study was granted by Cheshire East Research Ethics Committee in addition to institutional R&D approval. Informed, written consent was obtained from all participants and the study complied with the Tenets of Helsinki. Patients were informed that the only additional task required of them was completion of the Damato visual field assessment. No patient declined to participate in the study. Statistical evaluation included calculation of sensitivity and specificity plus positive/negative predictive values. Comparisons of visual field results were made in three groups: 1. Match -Normal results for both OR Visual field defect on both that were the same for location 2. Partial match -Visual field defect on both that were similar but overlapping in different locations 3. Non match -Normal result on one test but not the other OR visual field defect on both but in completely different locations. Kappa statistical evaluation was used to assess the extent of agreement that may have occurred beyond chance. RESULTS 100 patients (197 eyes) were recruited to this study in 2007-2008 at Warrington and Halton Hospitals NHS Foundation Trust: 62 females and 38 males with a mean age of 62.8 Years (SD 15.98 years, range 24 to 90). 100 right eyes and 97 left eyes were assessed. Mean visual acuity was 0.10 logMAR (SD 0.26, range -0.2 to 1.75). Multiple diagnoses were recorded (figure 2). There were no adverse effects from performing Humphrey perimetry or Damato campimetry.
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Table 1

 1 

		Sensitivity and specificity calculation		
			Humphrey		
			perimetry		
			Positives	Negatives	
		Positives	True positive	False positive	Positive
			94 eyes	17 eyes	predictive value
					0.85
	Damato	Negatives	False negative	True negative	Negative
	campimetry		22 eyes	45 eyes	predictive value
					0.67
			Sensitivity	Specificity	
			0.81	0.72	

Thirty-four of 197 eyes (17%) from 22 patients had low reliability based on combined fixation losses, false positive and false negative responses greater than 20%. Eighteen eyes (53%) were classed as a match, 4 eyes (12%) as a partial match and 12 eyes (35%) were classed as a non-match.

Test duration was not assessed for all patients undergoing Damato assessment. A pilot of 10 assessments (20 eyes) showed test durations of 1.45 minutes to 4.00 minutes per eye with comparative Humphrey test durations of 4.30 minutes to 9.00 minutes per eye.

  . Our study included patients with non-glaucomatous diagnosis in 42 eyes and assessment was done in out-patient clinics which therefore limits our interpretation of this data. Further research is required to evaluate this hypothesis whereby a larger sample of ward bound patients is assessed at different time points to determine detection and repeatability of Damato campimetry. In addition, further research may establish whether the Damato campimeter may also be a useful tool for visual field assessment in other clinic patient groups such as those with mobility or posture difficulties which prevents them undertaking quantitative perimetry and those 'intimidated' by the procedure of Humphrey perimetry in a darkened room, given that the Damato test is performed in ambient lighting in 'free space'. 13. Johnson LN, Baloh FG. The accuracy of confrontation visual field test in comparison with automated perimetry. Journal National Medical Association. 1991; 83: 895-898

discounted could have been compared to visual field results from a 30-2 Humphrey perimetry programme.

A number of studies have reported whether defects found by Damato campimetry match defects found on alternative perimetry. A good match was found in 76% of patients comparing Damato campimetry to Tubinger perimetry [START_REF] Damato | Oculokinetic perimetry: a simple visual field test for use in the community[END_REF] . A further study categorised results as matched, partly matched and no match for abnormal areas [START_REF] Yamada | Screening for glaucoma with frequency-doubling technology and Damato campimetry[END_REF] . When matched and partly matched grades were combined the Damato and Humphrey results had an 89% agreement level. When combining the matched and partly matched grades from our study, the agreement between results was 64% which is lower than previously reported and also reflects the negative predictive value of 58%. The low percentage of matched visual field results despite an 81% sensitivity for visual field detection by Damato campimetry largely relates to 30 eyes which showed visual field defect on both assessments but the defect occurred in completely different areas in each assessment, i.e. defects in different quadrants.

If relying on results of Damato campimetry alone, it must therefore be taken into consideration that false positive responses arise with the assessment and to arrange further assessment of the patient to recheck the presence of visual field deficit. This is recommended for obtaining confirmation of visual field deficit by any perimetry method [START_REF] Tafreshi | Visual function-specific perimetry to identify glaucomatous visual loss using three different definitions of visual field abnormality[END_REF] .

We included Humphrey perimetry results for comparison to Damato results where low reliability of greater than 20% was recorded on the result. We included this data as a pragmatic evaluation of whether the results were a match or not as low reliability results are seen frequently in visual field clinics. In comparison to the entire matching analysis, a complete or partial match was found in 65% of this sub group with 35% showing no match of visual field result. This was comparable to the matching results of the entire set of results.

On the basis of our results and their comparison to results reported in the literature we propose that the Damato campimeter is a suitable assessment for the quantitative assessment of visual field in a