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Screening for chloroquine maculopathy in populations with uncertain
reliability in outcomes of automatic visual field testing

Paradee Kunavisarut, Pimploy Chavengsaksongkram, Aniki Rothova’, Kessara Pathanapitoon

Purpose: The purpose of this study was to compare screening methods for the early detection of

maculopathy in patients treated with chloroquine (CQ) or hydroxychloroquine (HCQ) and to identify
the risk factors for the development of toxic maculopathy. Methods: We performed a prospective study
of all 217 patients taking CQ and/or HCQ and seen in our center between July 2011 and December 2013.
All subjects underwent a complete ocular examination, as well as spectral domain optical coherence
tomography (SD-OCT), fundus autofluorescence (FAF), and 10-2 Humphrey visual field (10-2 HVF).
Results: The median age of patients was 51 years, median CQ/HCQ duration was 40 months, and median
cumulative dose was 180 g. The prevalence of at least two abnormal tests was 7.4% (16/217). SD-OCT
had the highest sensitivity, specificity, predictive values and accuracy while 10-2 HVF showed in 30% of
nonreliable results and had the lowest specificity and positive predictive value. In multivariate analysis, an
age of older than 60 years (P = 0.002), CQ duration of more than 5 years (P <0.001), and CQ dose more than
3 mg/kg/day (P = 0.005) were associated with toxicity. Conclusions: In patients with unreliable outcomes
of 10-2 HVF testing, SD-OCT in combination with FAF might represent a suitable alternative screening tool
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Chloroquine (CQ) and hydroxychloroquine (HCQ) are
being used to treat rheumatoid arthritis, systemic lupus
erythematosus, cutaneous 1upus, and other connective tissue
and skin disorders. Both drugs have significant retinotoxicity
with HCQ being less retinotoxic™ because it does not cross
the blood-retinal barrier.”! Long-term CQ administration is
still frequently used due to its low costs. CQ maculopathy is
an uncommon complication of this type of treatment and so
far has no proven therapy. Early detection of CQ maculopathy
is important because toxicity can lead to progressive and
permanent vision loss despite cessation of the drug intake./**!
Due to the slow clearance of medication from the body, the full
effects of drug withdrawal may take from 3 months to even more
than 1 year.”! The aim of screening should be the detection
of maculopathy in the “preclinical phase,” which would allow
an early cessation of the medication and prevent irreversible
damage with severe visual loss. The American Academy of
Ophthalmology (AAO)!™ recommends using 10-2 automated
fields together with at least one of the following procedures for
routine screening: (1) Multifocal electroretinogram (mfERG),
(2) spectral domain optical coherence tomography (SD-OCT),
or (3) fundus autofluorescence (FAF). A baseline examination
is advised for all patients starting these drugs to serve as a
reference point and to rule out maculopathy, which might be
a contraindication to their use. Annual screening should begin
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after 5 years of use or earlier in the presence of additional risk
factors.

The purpose of the study was to compare the usefulness
of 10-2 Humphrey visual field (10-2 HVF), OCT, and FAF for
early detection of macular toxicity in a tertiary center with
a predominantly rural population and to identify the most
appropriate screening tools within this population.

Methods

In this prospective study, we included all 217 consecutive
patients taking CQ or HCQ who were examined between July
2011 and December 2013. Demographic data including age, sex,
body weight, height, underlying disease, type, duration, and
dosage of drug were registered. Data on CQ dosage, duration
of treatment, and compliance were retrieved from the medical
records and/or based on information from patients. The daily
dosage per kilogram (kg) was calculated according to each
patient’s ideal body weight (IBW)!'! utilizing the following
formula: (1) For males: 50 plus 0.91 (height in centimeters —152.4),
(2) for females: 45.5 plus 0.91 (height in centimeters — 152.4).

All patients were evaluated with visual acuity
testing (best-corrected Snellen acuity), fundus examination
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with slit-lamp biomicroscopy and 78D magnifying lens, color
fundus photography, SD-OCT, FAF, and 10-2 HVF testing. The
mfERG was not available at our institute during the study.
Dilated ocular examination and color fundus photography
were performed to detect associated retinal disorders. Patients
with ocular morbidities potentially affecting the results of the
examinations were excluded from this study.

The used tests consisted of SD-OCT, FAF, and 10-2 HVF
because other tests such as fundus photography, fluorescein
angiography, Amsler grid, and color vision testing have been
shown to be insensitive for the detection of toxicity.!"

All three tests were classified by a masked researcher for the
identity of patientand results of other investigations. SD imaging
was performed using the Spectralis SD-OCT (Heidelberg
Engineering, Heidelberg, Germany), which displayed the
subfield thickness maps and high-resolution gray scale
cross-section images. We defined the abnormal results when one
or more of following characteristics were present: Inner segment/
outer segment (OS) disruption (disruption of the ellipsoid
zone), “flying saucer” sign, and parafoveal thinning. FAF
was recorded using a Spectralis unit (Heidelberg Engineering).
We defined the abnormal results as the development of a patch
of hyperfluorescence and/or hyperfluorescence around the
fovea and/or more extensive hyperfluorescence with the dark
parafoveal ring. Visual field testing was performed using 10-2
HVF (Humphrey perimeter; Carl Zeiss Meditec Inc., Dublin,
CA, USA). We excluded all unreliable or noninterpretable
results which were recommended by Humphrey instruments
such as fixation loss error (>20%) and/or false positive/negative
error (>33%). For the remainder (interpretable HVF), we
defined the abnormal results as the development of decreased
sensitivity at least of three decibels for at least three consecutive
points or decreased sensitivity of at least ten decibels for at least
two consecutive points on pattern deviation. Macular toxicity
was defined as at least two abnormal tests were detected.

The study was approved by the Ethics Committee and
conformed to the provisions of the Declaration of Helsinki.

Statistical analyses were performed using paired t-test,
continuity corrected Chi-square test, Fisher’s exact test, and
logistic regression by a software package, SPSS 13.0 (SPSS
Inc., Chicago, IL, USA). The statistical significance level was
set at P <0.05.

Results

Our study included 217 patients consisting of 183 females (84%)
and 34 males (16%). The patient demographics are given in
Table 1. The combination of three abnormal tests was found
in 9/217 (4.1%) patients, two abnormal tests were found in
7/217 patients (3.2%), and one abnormal test was noted in
8/217 patients (3.7%). All patients with only one abnormal test
result had abnormal 10-2 HVF.

In total, an abnormal 10-2 HVF was noted in 18 patients
(18/217; 8.3%) while 65/217 (30%) had unreliable 10-2 HVF
results. Of these 18 patients with abnormal 10-2 HVE,
10 patients exhibited at least one additional abnormal test
result, specifically SD-OCT (n = 10) or FAF (n = 9) while 8
had no other abnormal test. The eight patients with solely
abnormal 10-2 HVF test result underwent second 10-2 HVF
test within 4 weeks. Seven out of eight (88%) exhibited a

normal result of the second test and the remaining patient
who was CQ-taking still had paracentral scotoma in the same
location when retested. SD-OCT showed an abnormal result in
16 patients (16/217; 7%), FAF in 15 patients (15/217; 7%). From
all patients with two abnormal tests, 6 patients had abnormal
results with OCT and FAF (together with nonreliable results
of 10-2 HVF) and 1 patient had abnormal result in OCT and
10-2 HVF while FAF showed normal results. Macular toxicity
visible at fundoscopy was observed in three patients; all had
abnormal results with all three tests performed.

The performance of the tests is given in Table 2. SD-OCT
had higher specificity and higher positive predictive values
compared to 10-2 HVE. FAF gave slightly lower performance
compared to SD-OCT.10-2 HVF gave not interpretable results
in 30% of patients and had, in consequence, the lowest positive
predictive value. We also found that all patients with obvious
parafoveal anatomical damage as diagnosed by SD-OCT
had abnormal results in the 10-2 HVF and/or FAF; all were
diagnosed with CQ toxicity.

The clinical characteristics comparing the toxicity and
nontoxicity groups are shown in Table 3. All patients who
developed macular toxicity were CQ-taking, were significantly
older, and had a longer duration of medication exposure,
higher daily dose, and higher daily dose per IBW as well as
higher cumulative dosage than those with no toxicity.

Univariate analysis revealed that age older than 60 years, CQ
duration of more than 5 years, CQ dose more than 3 mg/kg/day
(MKD), and cumulative CQ dose more than 460 g (g) were
the risk factors of CQ toxicity (P = 0.004, odds ratio [OR] 4.72,
1.66-13.42; P <0.001, OR 28.7, 3.71-221.81; P = 0.003, OR 13.71,
1.78-105.8; and P < 0.001, OR 21.12, 6.32-70.59, respectively).
In multivariate analysis, age older than 60 years, CQ duration
of more than 5 years, and CQ dose more than 3 MKD were
associated with macular toxicity (P=0.002, OR 8.64, 2.14-34.87;
P < 0.001, OR 68.69, 7.66-615.88; and P = 0.005, OR 22.05,
2.58-188.78, respectively).

Discussion

Our results documented that in our setting, SD-OCT had
higher specificity and higher positive predictive values for
early detection of CQ maculopathy than 10-2 HVF. SD-OCT
was easy to perform and gave reliable results while 10-2
HVF was identified as the least reliable method and required
repeated testing in one-third of the patients. FAF gave results
similar to SD-OCT but required better-schooled technicians
and interpreters.

The ideal screening test should be quick and easy to perform
and moreover should have a high sensitivity and specificity
for early detection of toxicity. Until 2011, a routine screening
test for CQ toxicity in our institute consisted of 10-2 HVF,
but the major problems comprised the necessity to perform
multiple tests due to low 10-2 HVF reliability in a considerable
number of patients. Due to low 10-2 HVF reliability, patients
were asked to come back for repeated examinations, which
in our situation (with most patients living in the far rural
areas) lead frequently to loss of follow-up. There is no doubt
about the efficacy and sensitivity of 10-2 HVF when reliable
results are accomplished. In accordance, none of our patients
with normal 10-2 HVF was diagnosed with CQ toxicity. In
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Table 1: Demographic data of 217 patients using chloroquine and/or hydroxychloroquine medications
Characteristics Results
Age (years)
Mean 47.4+15.5
Median 51 (12-83)
IBW (kg)
Mean 52.2+6.7
Median 51.0 (27.9-73)
Diagnosis of patients screened: Number of patients (%)
Systemic lupus erythematosus 101 (46.5)
Rheumatoid arthritis 81 (37.3)
Scleroderma 23 (10.6)
Miscellaneous* 12 (5.5)
Liver or renal disease: Number of patients (%) 18 (8.3)
Type of medications: Number of patients (%)
Chloroquine group 168 (77.4)
Hydroxychloroquine group 34 (15.7)
Combined group®* 15 (6.9)
Total Chloroquine Hydroxychloroquine Combined
Duration of medication exposure (months)
Mean+SD 60.9+60.0 61.1+62.6 59.8+55.7 61.2+39.8
Median (range) 40 (1-300) 39 (1-300) 50 (1-222) 49 (2-143)
Average total daily intake (mg/day)
Mean+SD 184.0+70.7 188.9+74.4 161+52.7 180.5+55.2

Median (range)

Mean daily dosage (mg/kg IBW/day, MKD)
Mean+SD
Median (range)

Cumulative dose (g)

Mean+SD
Median (range)

200 (27-500)

3.56+1.37
3.66 (0.55-8.70)

315.1+336.7
180 (1-1800)

205.4 (34-500) 185.8 (27-250) 181.3 (77-285)
3.63+1.43

3.66 (0.62-8.70)

3.19+1.08
3.52 (0.55-5.49)

3.55+1.12
3.71 (1.70-5.5)

326.7+355.3
178.1 (1-1800)

259.6+279.6
165 (6-1332)

310.1£221.9
237 (12-895)

“Includes other multiple connective tissue diseases, *Combined chloroquine and hydroxychloroquine (calculation in cumulative dose and toxicity dose as
chloroquine group). SD: Standard deviation, IBW: Ideal body weight, MKD: Milligram per kilogram per day

Table 2: Performance of spectral domain optical coherence tomography, 10-2 Humphrey visual field, and fundus
autofluorescence as diagnostic tools for chloroquine or hydroxychloroquine toxicity

SD-OCT (%)

10-2 HVF (%) FAF (%)

Sensitivity 100

(95% CI: 79.2-100)
Specificity 100

(95% CI: 98.2-100)
Positive predictive value 100

(95% CI: 79.2-100)
Negative predictive value 100

(95% CI: 98.2-100)
Accuracy 100

100 93.75
(95% CI: 69-100) (95% Cl: 69.7-99)

94.37 100
(95% CI: 89.2-97.5) (95% Cl: 98.2-100)
55.56 100
(95% Cl: 30.8-78.4) (95% CI: 78-100)
100 99.5
(95% Cl: 97.2-100) (95% Cl: 97.3-99.9)
94.74 99.54

SD-OCT: Spectral domain optical coherence tomography, 10-2 HVF: 10-2 Humphrey visual field, FAF: Fundus autofluorescence, Cl: Confidence interval

contrast, we identified one patient with normal SD-OCT and
FAF images, who had repeatedly abnormal 10-2 HVFE, which
suggests that a reliable 10-2 HVF might be more sensitive than
SD-OCT. This possible higher sensitivity of reliable 10-2 HVF
in a proportion (up to 10%) of patients was already reported
previously.®! In theory, the SD-OCT-based approach might
miss the very early stage of macular toxicity in a scarce number

of patients. However, a recent study!* demonstrated that OCT
with ganglion cell analysis showed a concentric thinning even
before any abnormality on 10-2 HVF.

The prevalence of toxic maculopathy observed in our
country and other populations varied from 2.4%-31.4%">?" and
0.001%-40%,>**! respectively, depending on socioeconomic
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circumstances, health care, and variations in methods used for
the prevention and diagnosis of maculopathy. In our study, the
prevalence of at least two abnormal tests was 7.4% (16/217). In
fact, the real prevalence might have been slightly higher if all
of our patients with noninterpretable 10-2 HVF were retested.

Since 2011, we included two objective tests (SD-OCT and
FAF) in our screening.'”! Of these, SD-OCT gave the best
results, while the performance of FAF was slightly lower than
SD-OCT and needed more experience from the photographer
and the interpreter [Table 2]. Several reasons support the

usefulness of SD-OCT as a primary test for detection of CQ/
HCQ maculopathy. First, its objective characteristics as the
SD-OCT needs less cooperation from the patient than the 10-2
HVE. Second, the SD-OCT is less time consuming than the
10-2 HVF, and finally, it has high sensitivity and specificity
as demonstrated in the present study.l'>*?! In addition, the
SD-OCT is easy to perform and to interpret. The low reliability
of 10-2 HVF testing in our population might be caused by
a large number of patients living in remote areas, having a
low education and no experience with similar procedures. In
addition, our results show that only 1 out of 217 patients had

Table 3: Clinical characteristics of patients with and without chloroquine macular toxicity

Characteristics Total At least two abnormal No abnormal tests P value
(n=217) test outcomes* (n=16) outcomes** (n=200)
Mean age (years) 47.4 60.8 46.4 <0.001
IBW (kg) 52.2 50.6 52.3 0.322
Duration of medication (months) 60.9 132.8 55.2 <0.001
Average (mg/day) 184 247.6 178.9 0.003
MKD (mg) 3.6 4.9 35 <0.001
Cumulative dose (g) 315.1 934.4 265.8 <0.001

“Chloroquine medication in all with toxicity, **Eight patients had abnormal 10-2 Humphrey visual field test on the first examination, but seven exhibited normal
outcomes when retested, and one patient had abnormal results in both first and repeated examination. IBW: Ideal body weight, MKD: Milligram per kilogram per day

| SD-OCT + 10-2 HVF+ dilated fundus examination |

|

SD-OCT: Normal

|
v ' '

!

SD-OCT: Abnormal

v v '

Unreliable HVF

Reliable HVF: Reliable HVF:

Unreliable HVF

Reliable HVF: Reliable HVF:

Abnormal

Repeat HVF

Normal

Possible

Normal Abnormal

toxicity

| Normal | | Abnormal | | Normal |

Risk factors:
Age >60 years
Preexisting kidney, liver,
retinal/macular di

Suspected

Suspected

toxicity toxicity

Daily dose: CQ >3 or
HCQ >6.5 mg /kg IBW

Cumulative dose: CQ >460 or
HCQ >1000 g

Plan "No toxicity"

No risk: in 1st, 2nd year of treatment— follow-up in year 4, thereafter annually
No risk: in 3rd, 4th year of treatment— follow-up in year 5, thereafter annually
No risk in 5th year of treatment and later— follow-up annually
Risk: Annual follow-up (multi-risk: follow-up every 6 months)

Plan “Toxicity”:
Stop medication
Follow-up HVF every 6
months until stable

Duration of use > 5 years

Plan "Possible toxicity"
No risk: Annual screening
Risk: follow-up every 6 months

Plan "Suspected toxicity"

No risk: follow-up every 6 months

Risk: follow-up every 3 months

Figure 1: Adapted American Academy of Ophthalmology guideline for chloroquine/hydroxychloroquine toxicity
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abnormal 10-2 HVF only in combination with normal results
of OCT and FAF.

AAOin 2011" reviewed the risks of CQ/HCQ maculopathy
and concluded that high-risk group had a duration of
medication use of more than 5 years, the cumulative dose
exceeded 460 g for CQ and 1000 g for HCQ, daily dose more
than 3.0 MKD for CQ and 6.5 MKD for HCQ), elderly, kidney
or liver dysfunction, and preexisting retinal or macular
diseases. We found similar results except for kidney or liver
dysfunction (P = 0.135), but could not evaluate for preexisting
retinal or macular diseases, because in the present series, the
patients with retinal disorders were excluded.

Based on our results, in our institute, we adapted AAO
guidelines for CQ toxicity screening to save cost and time
together with retaining high sensitivity and specificity as
indicated in Fig. 1. Our adapted guidelines might be of value
for ophthalmologists caring for patients with uncertain or poor
performance in visual field testing. Although the preferred
screening method recommended by AAO consists of a
combination of reliable 10-2 HVF testing with other objective
tests of the macular area (SD-OCT, FAF, mfERG), in a center
serving a population in which unreliable 10-2 HVF results are
common, another approach, based on an objective test such as
SD-OCT, might be more suitable.
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