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Abstract
BACKGROUND: There are almost no available data on retinal involvement after acute exposure to high concentrations mercury and the
available reports are on a small number of patients that suffered chronic expposure. The purpose of this paper is to report visual
�ndings in 29 workers exposed to very high concentrations of mercury vapor in a factory in northern Spain in 2012.

METHODS: Twenty-nine patients and 16 controls were evaluated in a comparative case series. Fifteen of the 29 workers underwent
belated chelation for heavy metal intoxication, only 3 in a prompt way. The mercury levels in blood and urine samples, visual acuity (VA),
contrast sensitivity (CS), visual �eld (VF), color discrimination and optical coherence tomography (OCT) data were recorded. The pattern
reversal visual-evoked potentials (PRVEP), full-�eld and multifocal electroretinography (ffERG/mfERG), pattern electroretinography
(PERG), systemic symptoms, presence of erethism, and electromyography (EMG) were also gathered. A descriptive analysis was
performed. The evolution of patients who did not undergo chelation (group 1), those who underwent late chelation (group 2), and those
with deep VF defects (group 3) were compared with a control group. The correlations between variables also were studied.

RESULTS: The VA was affected slightly. The loss of CS in at least one of four spatial frequencies and color vision alterations occurred in
96.5% (n=28) and 44.8% (n=13), respectively, in the entire group. VF alterations were identi�ed in 72.4% (n=21). No morphologic changes
were seen in the OCT scans. Latencies over 100 milliseconds and reduced amplitudes of P100 were found in the PRVEP. The ffERG and
PERG results suggested that both the outer and inner retinal processes were involved. The mfERG indicated reduced parafoveal retinal
function. Twenty-six workers exhibited symptoms of erethism. The EMG showed sensorimotor polyneuropathy and multiple
mononeuropathy alterations. Signi�cant negative correlations among blood mercury levels, VA, and ffERG were observed.

CONCLUSION: Advanced visual functions were impaired signi�cantly independent of the mercury levels. Delayed chelation was not
bene�cial. Although neurologic and visual pathway involvement was clearly demonstrated, this study also showed clear functional
retinal participation in impaired vision. 

Background
Acute or subacute poisonings as the result of exposure to elemental mercury in the workplace are uncommon. However, these episodes
may have profound effects on the visual pathway due to the neurotoxicity of this metal [1, 2]. Controversy exists on the magnitude of the
possible damage in the retinal structures. Some experimental studies have reported the presence of mercury in the retina and choroid
after systemic administration [3, 4], but others have limited the presence of the metal to the retinal pigment epithelium and external
neuroretinal layers [5, 6].

The introduction of electrophysiology tests and current clinical examination techniques such as auto�uorescence or optical coherence
tomography (OCT) have suggested that besides central nervous system (CNS) poisoning, which is widely accepted, the retina also is
involved and that not all visual functional alterations are caused by high visual pathway damage [6–8].

Although physiologic and morphologic retinal changes resulting from mercury toxicity have been demonstrated in animal models; there
are few reports of human retinal effects resulting from occupational poisoning in the literature; the last long series on mercury poisoning
in humans was published before the latest retinal diagnostic techniques, i.e., spectral-domain OCT (SD-OCT) or multifocal
electroretinography (mfERG), became available in clinic. Only one group has published OCT studies but on patients who had been
exposed chronically [7, 8], and only one study has been published on mfERG results in patients with color vision loss who also were
exposed chronically to mercury [6]. To our knowledge, the current study is the �rst that includes both techniques and pattern ERG (PERG)
to evaluate morphologic and functional retinal �ndings after acute exposure.

In the current study, we describe the visual pathway alterations in 29 workers inadvertently exposed to very high concentrations of
mercury vapor for 14 consecutive days during maintenance work in a factory in northern of Spain at the end of 2012, one of the most
severe incidents of acute elemental mercury intoxication that occurred in the European Union.

The opportunity to study those patients and the improvements in the retinal evaluation techniques have provided essential information
on the degree of the mercuric effects at the intraocular level.

Methods
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This comparative case series followed the tenets of the Helsinki Declaration of 1964 (last amendment, 2013). The Clinical Research
Ethics Committee of the Valladolid East Health Area approved the study and patients provided written informed consent.

Patients
According to o�cial company sources, 49 patients were exposed inadvertently to elemental mercury vapor while performing
maintenance work in a heat exchanger. The incident occurred from November 19 to December 2, 2012, in a metal manufacturing plant in
northern Spain. According to the workers' accounts, upon entering the workspace, they observed balls of mercury spread over the �oor. A
few days after �nishing the work, many workers presented with physical complaints that included asthenia, headache, lumbago, cough,
bitter taste, dental pain, gum in�ammation and bleeding, and epigastrium and abdominal pain among other symptoms, which was
attributed initially to a viral infection.

After this initial symptomatology, most patients began to develop mercury-related erethism including fatigue, irritability, aggressiveness,
anxiety, depression, and insomnia and neurologic manifestations that included tremor, peripheral polyneuropathy, weakness, headache,
cognitive disorder, dizziness, and digestive manifestations such as diarrhea and abdominal cramps. Many also presented with visual
complaints of blurred vision, ocular irritation, dry eye, burning or scratchy sensation, eye redness, and light sensitivity.

The levels of mercury in blood and urine, measured from the second week of the exposure, exceeded the biologic limits recommended
for occupational exposure [9, 10], with some levels between 500 and 900 ug/L in blood and between 600 and 1,830 µg/g Cr in urine.
Before the occupational exposure, the mercuric urinary levels measured in several workers were below 3 ug/g Cr. However, no
quantitative reference data were available about the level of mercury exposure at the time of the acute event.

Despite the range of early-stage symptoms, only three workers underwent early chelation with dimercaprol, also called British anti-
Lewisite (BAL), after the initial exposure, which was interrupted prematurely by severe adverse reactions related to this compound.

Between September 2013 and the end of 2014, 44 of the 49 affected patients presented to the Clinical Toxicology Unit of the Medical
Science Institute of the University of Valladolid, Valladolid, Spain, for independent assessments. After evaluation, different ancillary tests
and actions were proposed based on each patient’s clinical data. Likewise, belated chelation (around 8 to 12 months after the poisoning
event) with oral 2,3-dimercapto-1-propanesulfonic acid was proposed for at least 1 week; it was chosen based on the severity criteria in
their local hospitals and used with only 15 patients. Twenty-nine of 44 subjects who presented with any visual, neurologic, and/or
systemic symptoms at the second evaluation were referred for a complete ophthalmologic evaluation at the Institute of Applied
Ophthalmobiology (IOBA) Eye Institute of the University of Valladolid. Those without visual symptoms either at this time or in previous
medical examinations were not considered for this evaluation.

Ophthalmic Examination
At the beginning of the study, careful case histories performed to rule out previous ocular, neural, or systemic diseases that could have
affected the visual examinations.

Twenty-nine patients underwent a full ophthalmic examination that included measurement of intraocular pressure and best-corrected
visual acuity (BCVA) using the Early Treatment Diabetic Retinopathy Scale (ETDRS), slit-lamp examination, funduscopy, and OCT, with
particular attention to evaluation of the central retinal thickness (CRT) (3D-OCT 2000, Topcon Inc., Tokyo, Japan) and examination of the
retinal nerve �ber layer thickness (RNFLT) (OCT Stratus 3000 Zeiss Meditec, Oberkochen, Germany). Color vision using the Roth 28 Hue
Test (Lunean Ophtalmologie, Paris, France) and contrast sensitivity (CS) using the CSV-1000 chart (Vectorvision, Greenville, OH) were
measured for all patients. The results of the Roth 28 Hue Test were scored in two ways. First, a color confusion index (CCI) was
calculated for each participant for statistical analysis [11–13].

Second, a clinical diagnosis of the type of loss was determined by plotting the response on a standard score sheet. This allowed
determination of the axis of color confusion. Based on the major confusion axis, a diagnosis of normal, red-green, blue-yellow, mixed, or
non-speci�c de�ciency was established.

The visual �elds (VFs) were assessed using the Humphrey 750i Visual Field Analyzer (Carl Zeiss, Oberkochen, Germany) and the central
30 − 2 SITA fast strategy protocol. Only tests that met the criteria [low 8 < 20%), false positive, false negative, and �xation loss
parameters] were evaluated.
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Pattern reversal visual-evoked potentials (PRVEP) and ERG recordings were assessed using a computerized Optoelectronic Stimulator
Vision Monitor MonPack 120 Metrovision (Pérenchies, France) according to the International Society for Clinical Electrophysiology of
Vision (ISCEV) protocols [14, 15]. We recorded full-�eld ERGs (ffERGs), PERGs, and multifocal mfERGs from both eyes of each patient
with scaled hexagons stimulating 61 zones. Four patterns of abnormal mfERG amplitude responses were assessed: paracentral loss,
foveal loss, peripheral loss, and generalized loss [16]. The technical data used for the electrophysiologic tests are shown in Table 1.

Table 1
Technical Data Used for Electrophysiology Examination

Examination High pass Cut-off
(Hz)

Low pass Cut-off
(Hz)

Band Reject
Filter

Ampli�cation
Gain

Impedance Threshold
(Kohms)

SSR 1 105 50 3125 10

MSR 1 105 50 3125 10

OP 100 288 50 3125 10

Flicker
30 Hz

10 96 50 3125 10

SFCR 1 38 50 3125 10

PERG 1 100 off 12.500 95

mERG 0,1 72 50 100.000 4

PRVEP 1 35 50 12.500 95

SRR = scotopic rod response; MSR = maximal scotopic response; OP = oscillatory potential; Hz = hertz; SFCR = single �ash cone
response; mERG = multifocal electroretinogram; PRVEP = pattern reversal visual-evoked potential; Kohms: kiloohms.

Additional Tests
Nerve conductance was assessed by electromyography (EMG) to evaluate peripheral neuropathy using standard protocol using a
computerized system (Nihon Kodhen, Model MEB-9400, Irvine, CA). Sensory and motor nerve conduction velocities were determined in
the median and peroneal nerves. Amplitude (µV), latency (m/s), and conductance (m/s) were evaluated.

Statistical Analysis
Statistical analyses were performed using SPSS statistics 17.0 (SPSS, Inc, Chicago, IL). The BCVA was recorded using the ETDRS scale
and converted to the logarithm of minimal angle of resolution (logMAR) for statistical analysis. All VA results are expressed in logMAR
units with Snellen equivalent in parenthesis. Categorical variables were analyzed using Fisher’s exact test or chi-square test. The t-test
was used to compare the mean values of the parametric values. Pearson’s correlation test was used to evaluate the correlation between
ophthalmic �ndings and mercury levels in the blood and urine. For data without normal distribution, continuous variables were analyzed
using the Wilcoxon rank-sum test. For repeated measures, the Wilcoxon signed-rank test was used, and Spearman test was performed
for the correlation non-normally distributed data. For all tests, P < 0.05 was considered signi�cant.

For statistical analyses, participants were divided in two groups: group 1 (G1) (n = 14) was comprised of workers who did not undergo
belated chelation treatment and group 2 (G2) (n = 15) included those who underwent chelation after 8 to 12 months after the mercury
poisoning. In addition, for the electrophysiology function assessment, we included two additional subgroups. Another subgroup (G3)
included 11 of 29 patients who had the deeper and more extensive defects in the VF tests, i.e., concentric constriction and hemi�eld
defect patterns. Finally, we included an age-matched healthy control group (n = 16).

Results
All patients were men (mean age, 40.62 ± 8.05, range, 25–56). The mean early-stage urinary mercury concentration after the event
among all patients was 302.86 ± 405.36 µg/g Cr; range, 10 − 1,830); the mean blood mercury concentration was 392.93 ± 273.85 µg/L
(range, 26–961). Both measurements were increased signi�cantly in G2 compared to those in G1. The control group included 16 age-
matched (age, 43.44 ± 8.30 years, P = 0.271) healthy individuals with normal ophthalmologic evaluations. The main clinical baseline
characteristics and the EMG results from the patients are summarized in Table 2.
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Table 2
Baseline Characteristics, Laboratory and Electromyography Findings

  Group 1 Group 2 p-value All Patients

(Group 1 + 2)

N (%) 14 (40.3%) 15 (51.7%) - 29

Age 40.93 ± 7.76 40.33 ± 8.57 0.8464 40.62 ± 8.05

Smoking 8 (57.1%) 10 (66.7) 0.8845 18 (62.1%)

Hypertension 1 (7.1%) 1 (6.7%) 0.4694 2 (6.9%)

Dyslipidemia 2 (14.3%) 2 (13.3%) 0.1288 4 (13.8%)

Blood Hg (µg/L) 274.86 ± 201.8 503.13 ± 291.92 0.0219 392.93 ± 273.85

Urine Hg (µg/g Cr) 99.21± 97.27 492.93 ± 489.56 0.0014 302.86 ± 405.36

Erethism 11 (78.6%) 15 (100%) 0.0996 26 (89.7%)

EMG patterns Normal 1(7.1%) - 0.4828 1 (3.4%)

SP 8 (57.1%) 6 (40%) 0.4661 14 (48.3%)

ASP 1 (7.1%) 6 (40%) 0.0801 7 (24.1%)

MM 2 (14.3) 2 (13.3%) 1.0 4 (13.8%)

N/A 2 (14.3%) 1 (6.7%) 0.5977 3 (10.3%)

EMG CVA SM (ms) 30.63 ± 3.82 35.33 ± 8.26 0.6026 33.5 ± 7.13

MN (ms) 36.29 ± 6.19 40.24 ± 6.73 0.1123 38.78 ± 6.65

Psychiatric treatment 3 (21.4%) 10 (66.6%) 0.0253 13 (44.8%)

Group 1 = no chelation; Group 2 = late chelation; EMG = electromyography; N = number; µg/L = microgram/liter; µg/g Cr = microgram
per gram of creatinine; SP = sensorimotor polyneuropathy; ASP = axonal sensory polyneuropathy; MM = multiple mononeuropathy;
N/A = not performed. EMG CVA = Electromyography = conduction velocity assessment; SN = Sensory nerve; MN = Motor nerve; ms = 
milliseconds.

Reference values [33, 34] = normal velocity conduction in SN > 40 milliseconds. Normal velocity conduction in MN > 49 milliseconds.

Ophthalmologic Findings
The main ophthalmic �ndings are shown in Table 3. The VA decreased (< 20/20) in nine (64.3%) patients in G1 and in �ve (33.3%)
patients in G2, a difference that did not reach signi�cance (Table 3). Fifteen (51.7%) of 29 patients presented with additional unspeci�c
ocular complaints such as dry eye or eye redness and light sensitivity. Table 3 and Fig. 1 show the VA, color vision, CS, VF, and OCT
results.
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Table 3
Ophthalmic Examination Findings

  Group 1 Group 2 P Value All patients

(Group 1 + 2)

Reference
Values

N (eyes) 14 (28 eyes) 15 (30eyes) - 29 (58eyes) -

BCVA Logmar

[Snellen]

0.017 ± 0.151

[0.887 ± 0.238]

0.078 ± 0.865

[0.950 ± 0.172]

0.631 0.048 ± 0.126

[0.920 ± 0.205]

0.0 [6/6]

CVS 7 (50%) 6 (40%) 0.715 13 (44.8%) -

Patterns Normal 7 (50%) 9 (60%) 16 (55.2%) -

Red-green defect 1 1 1.0 2 (6.8%) -

Blue-yellow
defect

5 4 0.699 9 (31.03%) -

Mixed 0 1 0.4828 1(3.44%) -

Non-speci�c
de�ciency

1 0 1.0 1(3.44%) -

CCI 1.872 ± 1.407 1.278 ± 0.597 0.146 1.642 ± 1.183 1.0

CSA Eye RE LE RE LE RE LE RE LE -

CS3 5.92 ± 
0.91

5.50 ± 
1.12

5.93 ± 
1.48

5.86 ± 
1.12

0.9983 0.3878 5.93 ± 
1.22

5.69 ± 
1.16

-

CS6 5.57 ± 
0.85

5.42 ± 
1.28

5.66 ± 
1.29

5.93 ± 
1.33

0.8295 0.3090 5.62 ± 
1.08

5.69 ± 
1.31

-

CS12 3.28 ± 
0.99

3.42 ± 
1.01

3.46 ± 
1.06

3.53 ± 
0.83

0.6389 0.7647 3.37 ± 
1.01

3.48 ± 
0.91

-

CS18 3.35 ± 
1.27

3.50 ± 
1.69

3.33 ± 
1.44

3.33 ± 
1.39

0.9577 0.7700 3.34 ± 
1.34

3.41 ± 
1.52

-

VF Eye RE LE RE LE RE LE RE LE -

MD -5.52 ± 
7.33

-6.88 ± 
8.18

-5.76 ± 
8.7

-6.86 ± 
9.11

0.8614 0.8272 -5.64 ± 
7.92

-6.87 ± 
8.52

0.0

VFI 88.0 ± 
18.4

85 ± 
20.3

85.4 ± 
24.1

85.7 ± 
23.0

0.7093 0.4294 86.7 ± 
21.2

85.4 ± 
21.4

100%

Total 8 (57.1%) 10 (66.6%) 0.7104 18 (62.1%) -

OCT Eye RE LE RE LE RE LE RE LE -

CRT 249.8 ± 
15.9

248.9 ± 
18,8

249.0 ± 
25.5

247.4 ± 
23,5

0.9288 0.8537 249.4 
± 21,0

248.1 
± 20,7

233.6 ± 
19.7

RNFLT 103.2 ± 
13.2

100.4 ± 
12.0

101.3 ± 
7.77

100.1 ± 
11.1

0.3536 0.3536 102.2 
± 10.5

100.2 
± 11.3

100 ± 18

Group 1 (G1) = no chelation. Group 2 (G2) = late chelation. BCVA = best-corrected visual acuity; RE = right eye; LE = left eye; EMG = 
Electromyography; CVS = color vision scores; CCI = color confusion index; CSA = alterations in the achromatic contrast sensitivity;
CS3 = spatial frequency at 3 cycles/degree; CS6 = spatial frequency at 6 cycles/degree; CS12 = spatial frequency at 12 cycles/degree;
CS18 = spatial frequency at 18 cycles/degree; VF = visual �eld test; MD = mean deviation; VFI = Visual Field Index; OCT = optical
coherence tomography; CRT = central retinal thickness; RNFLT = retinal nerve �ber layer thickness.

 

Acquired dyschromatopsia, especially in the blue-yellow range of the Roth 28 Hue Test, occurred in 13 (44.8%) patients. The mean CCI
was 1.642 ± 1.183 (normal value, 1.0 and higher values indicate worse hue discrimination [11, 12]. No signi�cant difference in the CCI
was seen between G1 and G2 (Table 3).
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Twenty-eight (96.5%) patients showed changes in the achromatic CS in at least one of the four spatial frequencies, but mainly in the
higher ones; the difference between G1 and G2 did not reach signi�cance (Table 3, Fig. 1).

Twenty-one (72.4%) patients had VF alterations. The most prevalent patterns were concentric constriction (17 eyes, 29.3%), scattered
defects (6 eyes, 10.3%), hemi�eld defects respecting the horizontal and vertical meridians (5 eyes, 8.6%), nasal defects (4 eyes, 6.9%),
and arcuate defects (2 eyes, 3.4%). There were no signi�cant differences between G1 and G2 in patterns, mean deviation, or VF index
(VFI) (Table 3).

The OCT results showed no signi�cant differences when the CRT and RNFLT measurements were compared to values in the normative
SD-OCT databases [17, 18] between G1 and G2 (Table 3).

Correlation analyses between the blood mercury levels (BML) and all variables showed only a signi�cant negative correlation with the
BCVA (Table 4).

Table 4
Correlation between BML and BCVA

BML Group 1 Group 2 All patients

(Group 1 + 2)

BCVA RE r=-0.56 r=-0.34 r=-0.36

p = 0.038 p = 0.204 p = 0.049

LE r=-0.54 r=-0.32 r=-0.37

p = 0.042 p = 0.245 p = 0.042

Global r=-0.54 r=-0.30 r=-0.36

p = 0.042 p = 0.274 p = 0.048

Group 1 = no chelation; Group 2 = late chelation. BML = blood mercury levels;

BCVA = best-corrected visual acuity; RE = right eye; LE = left eye; r = Pearson’s correlation coe�cient.

Electrophysiology Function Assessment
The ffERGs were recorded in 28 patients and 16 controls. No signi�cant differences were found between G1 and G2 (Table 5). The ERG
amplitudes from all mercury-contaminated patients (G1 plus G2) did not differ from those of controls for the 30-Hz �icker and single-
�ash cone response (SFCR). The a- and b-wave amplitudes did not differ signi�cantly between patients and controls in the scotopic rod
response (SRR) and maximal scotopic response (MSR), respectively (Table 5).



Page 8/17

Table 5
Full-Field ERGs. Amplitude of a- and b-Waves for the SRR, MSR, OP, Flicker 30 Hz and SFCR

Full-�eld ERGs Group 1 Group 2 P
Values

All
patients

(Group
1 + 2)

P
Values

95%CI Control

group

Group
3*

P
Values

95%CI

SRR a-wave
(µV)

RE -15.62 
± 22.4

-13.98 
± 15.3

0.7819 -14.74 
± 18.6

0,5322 - -11.39 
± 
13.56

-10.25 
± 4.23

0.7923 -

LE -7.76 ± 
7.70

-8.21 ± 
10.37

0.9015 -8.0 ± 
9.06

0,6595 - -6.81 ± 
7.36

-9.90 
± 4.53

0.2278 -

b-wave
(µV)

RE 270.21 
± 93.8

259.4 ± 
60.8

0.7161 264.42 
± 76.3

0,0329 [-103,0
to -4,6]

210.6 
± 
80.49

188.0 
± 
55.09

0.4268 -

LE 261.53 
± 90.0

262.46 
± 66.3

0.975 262.03 
± 76.7

0,0194 [-107,5
to -9,9]

203.3 
± 
77.83

182.3 
± 
49.46

0.4373 -

MSR a-wave
(µV)

RE -161.46 
± 69.1

-159.13 
± 50.7

0.7296 -160.21 
± 58.8

0,0480 [-73,0
to
-0,33]

-196.9 
± 
55.01

-103.7 
± 31.6

< 
0,0001

[-131.2
to
-55.2]

LE -166.86 
± 71.2

-152.88 
± 57.9

0.475 -159.37 
± 63.6

0,1369 - -187.2 
± 
48.16

-102.1 
± 28.1

< 
0,0001

[-118.4,
to
-51.7]

b-wave
(µV)

RE 414.69 
± 106.4

414.66 
± 68.65

0.7821 414.67 
± 86.4

0,9626 - 413.3 
± 102,7

331.3 
± 
82.24

0.037 [53.29
to
158.7]

LE 407.15 
± 102.6

401.13 
± 86.61

0.747 403.92 
± 92.6

0,5478 - 421.8 
± 
96.90

319.3 
± 
83.02

0.0085 [28.61,
to
176.4]

OP amplitude
(µV)

RE 564.66 
± 282.2

574.68 
± 239

0.9197 570.02 
± 254.9

< 
0,0001

[-469,5
to
-198,7]

235.9 
± 
106.5

309.5 
± 
71.32

0.066 -

LE 519.66 
± 298.1

531.3 ± 
185.4

0.9002 525.93 
± 239.4

0,0003 [-411,8
to
-135,0]

252.5 
± 
175.8

292.0 
± 73.8

0.490 -

Flicker

30 Hz

b-wave
(µV)

RE 94.74 ± 
39.0

86.64 ± 
15.1

0.4918 90.40 ± 
28.5

0,5408 - 85.46 
± 
19.17

64.75 
± 9.87

0.0030 [7.716
to
33.70]

LE 98.33 ± 
41.3

83.03 ± 
22.4

0.2259 90.13 ± 
32.8

0,2798 - 80.69 
± 
17.49

61.02 
± 7.56

0.0018 [8.081
to
31.26]

SFCR a-wave
(µV)

RE -14.51 
± 5.74

-12.05 
± 5.65

0.2642 -13.19 
± 5.72

0,9699 - -13.30 
± 
13.43

-9.85 
± 2.38

0.4100 -

LE -15.34 
± 5.55

-12.13 
± 6.45

0.1731 -13.62 
± 6.15

0,8356 - -14.28 
± 
14.72

-9.92 
± 3.55

0.3473 -

b-wave
(µV)

RE 72.42 ± 
26.24

58.74 ± 
17.4

0.2135 65.09 ± 
22.6

0,2555 - 91.08 
± 11.5

44.50 
± 
14.08

< 
0,0001

[36.42
to
56.74]

LE 72.69 ± 
28.19

56.55 ± 
19.2

0.0851 64.04 ± 
24.7

0,3003 - 56,89 
± 
15.07

44.65 
± 
14.65

0.0463 [0.217
to
24.2]

SRR = scotopic rod response; MSR = maximal scotopic response; OP = oscillatory potential; Flicker 30 Hz �icker 30 Hertz; SFCR = 
single �ash cone response. µV = microvolts; RE = right eye; LE = left eye; CI = con�dence interval; Amp = amplitude *Group 3:
constituted by a subgroup of patients with evident visual disturbances in their VF. Patients with concentric constriction (17 eyes) and
hemi-�eld defects (5 eyes) patterns.
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Statistical differences were found in all patients (G1 plus G2) and controls for the b-wave in SRR, a-wave in MSR, and the sum of
oscillatory potential (OP) protocols (Table 5).

Because about half of the patients had no visual impairment, the electrophysiologic measurement averages from the global sample (G1
plus G2) could have been falsely near normal. Thus, we focused on the results obtained from patients with relevant impaired VF tests
(G3) compared to the control group. These data showed lower amplitudes in subgroup G3 compared to the global sample in all ERG
parameters reported previously [6]. These differences were signi�cant for MSR and 30-Hz �icker for the a- and b-waves and for the b-
wave in the SFCR (Table 5).

A negative signi�cant correlation was seen in G1 between the BML and ERG amplitudes of the b-wave in SRR, MSR, sum of the OP, and
in 30-Hz �icker responses and sum of the OP in G2 (Table 6).

Table 6
Correlation BML and b-Wave Amplitudes for the SRR, MSR, OP, Flicker 30 Hz and SFCR

BML Eye Group 1 Group 2 All patients

(Group 1 + 2)Full-�eld ERGs

SRR b-wave (µV) RE r = 0.49 p = 0.084 r=-0.35 p = 0.197 r=-0.02 p = 0.918

LE r = 0.61 p = 0.025 r=-0.12 p = 0.648 r = 0.18 p = 0.353

MSR b-wave (µV) RE r = 0.61 p = 0.024 r=-0.17 p = 0.528 r = 0.08 p = 0.918

LE r = 0.81 p = 0.001 r=-0.02 p = 0.935 r = 0.26 p = 0.171

Flicker 30 Hz b-wave (µV) RE r=-0.06 p = 0.825 r=-0.51 p = 0.047 r=-0.24 p = 0.214

LE r = 0.06 p = 0.841 r = 0.08 p = 0.772 r=-0.04 p = 0.812

OP Amplitude (µV) RE r = 0.06 p = 0.023 r=-0.57 p = 0.024 r=-0.05 p = 0.771

LE r = 0.70 p = 0.007 r=-0.47 p = 0.073 r = 0.10 p = 0.607

SFCR b-wave (µV) RE r = 0.19 p = 0.531 r=-0.31 p = 0.259 r=-0.19 p = 0.327

LE r = 0.26 p = 0.380 r=-0.07 p = 0.787 r = 0.07 p = 0.708

Group 1 = no chelation; Group 2 = late chelation; BML = Blood mercury levels; SRR = scotopic rod response; MSR = maximal scotopic
response; OP = oscillatory potential; Flicker 30 Hz = �icker 30 Hertz; SFCR = single �ash cone response; RE = right eye; LE = left eye; µV 
= microvolts; r = Pearson’s correlation coe�cient.

PERG
PERG was performed in 27 right eyes and in 26 left eyes of patients and in 14 controls (both eyes) (Table 7). Despite showing reduced
amplitudes in P50 and N95, there were no signi�cant differences between all patients (G1 plus G2) and the amplitudes obtained in the
control group.
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Table 7
PERG in Patients and Control Group

PERG Group 1 Group 2 P
Values

All
patients

(Group 1 
+ 2)

Control
Values

P
Values

Group
3*

P
Values

95%CI

P50 Amplitude
(µV)

RE 4.2 ± 
1.59

4.41 ± 
1.5

0.9805 4.32 ± 
1.51

4.92 ± 1.66 0.2454 3.13 ± 
0.67

0.0014 [0.76 to
2.81]

LE 4.56 ± 
1.93

4.19 ± 
1.72

0.6044 4.35 ± 
1.78

4.58 ± 0.91 0.6052 2.93 ± 
0.81

0.0232 [0.21 to
2.61]

N95 Amplitude
(µV)

RE -5.98 
± .548

-5.84 
± .314

0.4719 -5.90 
± .293

-6.65 ± 
2.06

0.0680 -4.00 ± 
0.84

0.0006 [-4.01 to
1.27]

LE -5.04 
± .688

-5.30 
± .637

0.1126 -5.19 
± .460

-5.65 ± 
1.63

0.1759 -3.19 ± 
0.94

0.0002 [-3.60 to
1.31]

Amp = amplitude; PERG = pattern electroretinogram; CI = con�dence interval; µV = microvolts; RE = right eye; LE = left eye; G1 = Group
1; G2 = Group 2.

*Group 3 is a subgroup of patients with evident visual disturbances in their visual �eld test. Patients with concentric constriction (17
eyes) and hemi-�eld defects (5 eyes) patterns.

However, this trend seen in all patients became signi�cant when patients with impaired VFs (G3) were compared with the control group
(Table 7), which agreed with previous studies [19].

No signi�cant differences were seen when the implicit times in both P50 and N95 components were compared. There was no correlation
between the PERG values and the BML.

PRVEP
PRVEP was recorded in 29 workers and 14 controls. The average implicit times of P100 and amplitudes did not differ between all
patients and the control group for the 60- and 30-minute checkerboard stimuli except in the implicit times of P100 for both 60 and 30 for
the left eyes (Table 8); but signi�cant differences were seen when G3 was compared to the control group (Table 8). However, no
signi�cant differences were seen when G1 and G2 were compared (Table 8); and no correlation was seen between the PRVEP and BML.
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Table 8
PRVER in Patients and Control Group

PRVEP Group 1 Group
2

P
Values

All
patients

(Group
1 + 2)

Control
Values

P
Values

95%
CI

Group
3*

P
Values

95% CI

P100-
Da 60

R Lob

Amplitude
(µV)

RE 9.72 ± 
4.69

7.97 ± 
3.94

0.2853 8.82 ± 
4.33

7.29 ± 
1.59

0,2852 - 5.05 
± 1.03

0.0011 [1.020
to
3.450]

LE 8.82 ± 
4.54

8.11 ± 
4.32

0.6467 8.45 ± 
4.36

0,4193 -

Latency
(ms)

RE 116.78 
± 13.24

113.6 
± 6.39

0.4211 115.17 
± 10.21

112.6 ± 
7.19

0,4684 - 130.9 
± 8.17

< 
0.0001

[-25,36
to
-11,24]

LE 119.4 ± 
11.93

117.5 
± 7.51

0.5993 118.06 
± 9.71

0,1127 -

P100-
Da 60

L Lob

Amplitude
(µV)

RE 8.93 ± 
4.07

8.83 ± 
3.67

0.9476 8.88 ± 
7.44

6.33 ± 
2.40

0,2974 - 5.15 
± 1.02

0.1538 -

LE 8.41 ± 
3.36

7.61 ± 
3.97

0.5608 8 ± 3.65 0,1872 -

Latency
(ms)

RE 114.64 
± 12.15

113.4 
± 5.73

0.8264 114 ± 
9.24

111.2 ± 
4.80

0.3681 - 132.0 
± 7.09

< 
0.0001

[-26,39
to
-15,21]

LE 119.4 ± 
12.31

117.5 
± 8.49

0.6173 118.47 
± 10.36

0.0420 [-14,1
to
-0,27]

P100-
Da 30

R Lob

Amplitude
(µV)

RE 8.1 ± 
4.3

8.47 ± 
3.23

0.7926 8.29 ± 
3.72

6.29 ± 
2.16

0,1179 - 4.40 
± 1.56

0,0319 [0,1813
to 3,59]

LE 7.65 ± 
4.4

7.24 ± 
3.53

0.7835 7.44 ± 
3.91

0,3846 -

Latency
(ms)

RE 116.57 
± 6.81

117 ± 
5.83

0.8566 116.79 
± 6.21

112.12 
± 8.02

0,0588 - 134.7 
± 15.6

0,0006 [-34,03
to
-10,97]

LE 124.43 
± 18.42

120.47 
± 6.48

0.9474 122.38 
± 13.51

0,0283 [-19,5
to
-1,16]

P100-
Da 30

L Lob

Amplitude
(µV)

RE 8.2 ± 
4.56

7.71 ± 
3.56

0.7471 7.94 ± 
4.01

5.93 ± 
2.01

0,1392 - 3.85 
± 1.44

0,0128 [0,494
to 3,66]

LE 6.85 ± 
4.74

6.14 ± 
2.73

0.6222 6.48 ± 
3.78

0,6649 -

Latency
(ms)

RE 116 ± 
8.03

118.2 
± 6.97

0.4367 117.14 
± 7.45

112.4 ± 
7.32

0,0898 - 136.8 
± 22.4

0,0039 [-39,96
to
-8,84]

LE 126.14 
± 24.24

119.93 
± 6.13

0.5524 122.93 
± 17.36

0,0724 -

PRVF = pattern reversal visual evoked potential; P100-Da 60 = P100 wave with 60’ checkerboard stimuli; P100-Da 30 = P100 wave
with 30’ checkerboard stimuli; R Lob = right occipital cortex; L Lob = left occipital cortex; µV = microvolts; RE = right eye; LE = left eye;
CI = con�dence interval.

*Group 3 is a subgroup of patients with evident visual disturbances in their visual �eld test. Patients with concentric constriction (17
eyes) and hemi-�eld defects (5 eyes) patterns.

mfERG
The mfERGs were recorded in 26 of 29 patients and 11 controls. The most prevalent patterns were peripheral loss (16 eyes, 30.7%) and
central loss (8 eyes, 15.4%), followed by paracentral defects (6 eyes, 11.5%). Conversely, no depressed amplitude responses to the ffERG
were observed in 22 eyes (42.3%). Because the peripheral pattern was the most frequently found, the N1/P1 amplitude ratio in the
peripheral rings of the mfERG was analyzed; a signi�cantly lower value was seen in all patients (G1 plus G2) in rings 5o to 10º and > 15º
compared to the control group. The data showed additional signi�cant differences at rings 1, < 2°, ring 2, 2o to 5°, ring 3, 5° to 10°, ring 5,
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and > 15° when G3 was compared to controls. These results agreed with previous studies [16, 20]. No signi�cant differences were seen
when the mfERG patterns in G1 and G2 were compared (Table 9) and no correlations were seen between the mfERG values at rings 2–
5º, 5º-10º, 10o to 15º, and > 15º and the BML.

Table 9
mfERG Values in Patients and Control Group

Amplitude

P1/N1ratio

Ring Eye Group
1

Group
2

P
Value

All
patients

(Group
1 + 2)

Control

Values

P
Value

95%CI Group
3*

P
Value

95%CI

Ring
1

RE 378.3 
± 202.3

438.8 
± 178.3

0,5050 380 ± 
209.6

528 ±
104,7

0,0334 [12,35
to
283,7]

298.6 
± 
137.4

0.0003 [120,8
to
338,0]

LE 249 ± 
121.5

303.4 
± 72.76

0,1731 278.4 ± 
100.1

< 
0,0001

[175,5
to
323,7]

182.0 
± 
64.13

< 
0,0001

[268,8
to
423,2]

Ring
2

RE 108,5 
± 46,23

137,2 ± 
27,44

0,0623 124 ± 
39.30

122.8 ±
12.69

0,9222 - 89.99 
± 
29.32

0.0028 [12,72
to
52,90]

LE 109,5 
± 50,09

134,9 ± 
32,34

0,1328 123.2 ± 
42.59

0,9760 - 81.45 
± 
27.35

0.0002 [22,39
to
60,31]

Ring
3

RE 45.30 
± 8.96

38.92 
± 12.4

0.1415 42.35 ± 
10.95

56.47 ±
6.81

0,3031 - 32.55 
± 
7.470

< 
0,0001

[18,56
to
31,28]

LE 45.8 ± 
7.22

41.2 ± 
12.58

0.2596 43.74 ± 
10.10

0,3503 - 34.43 
± 
6.273

< 
0,0001

[17,21
to
28,87]

Ring
4

RE 46.28 
± 10.06

39.2 ± 
14.89

0.163 43.01 ± 
12.77

35.85 ±
4.72

0,4736 - 31.11 
± 
8.031

0.1070 -

LE 46.7 ± 
6.95

38.7 ± 
14.59

0.1728 43.06 ± 
11.62

0,4646 - 32.08 
± 
8.246

0.2031 -

Ring
5

RE 12.9 ± 
2.48

11.7 ± 
3.89

0.3513 12.36 ± 
3.20

19.76 ±
1.21

< 
0,0001

[5,370
to
9,430]

9.479 
± 
1.489

< 
0,0001

[9,074
to
11,49]

LE 13.2 ± 
2.0

11.7 ± 
3.82

0.2608 12.5 ± 
3.0

< 
0,0001

[5,349
to
9,171]

9.802 
± 
1.929

< 
0,0001

[8,526
to
11,39]

Amplitude P1/N1 ratio (nV/deg2).

Ring 1 = < 2°; ring 2 = 2–5°; ring 3 = 5°–10°; ring 4 = 10°–15°; and ring 5 = > 15°; RE = right eye; LE = left eye; CI = con�dence interval.

*Group 3 is a subgroup of patients with evident visual disturbances in their visual �eld test. Patients with concentric constriction (17
eyes) and hemi-�eld defects (5 eyes) patterns.

Although comparability between the mfERG and perimetry test was limited, we assessed the VF defects patterns with the mfERG
dysfunction patterns obtained in the three-dimensional plots. With limitations, we subjectively assessed these patterns based on the
comparative methods and approaches used previously [21, 22]. The data showed that 14 (48.3%) patients showed different patterns
between the mfERG defects and the total deviation of visual sensitivities less than 5% recorded in their VF tests. Eight (27.5%) patients
had similar peripheral pattern defects in both tests, and four (13.8%) patients had mixed patterns; in three (10.3%) we could not establish
any comparison. No differences were seen between groups G1 and G2.

EMG
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EMG, performed in 27 of 29 workers, showed different abnormality patterns and decreased nerve conduction velocity in most patients
(Table 2). There were no signi�cant differences between G1 and G2. No correlation was seen between the BML, nerve conduction
velocity, and the P100 component in PRVEP in the entire sample.

Discussion
This study focused especially on retinal and visual function examinations because of the possibility of evaluating patients using new
OCT and ERG techniques.

Mercury vapor is a signi�cant source of mercuric load in occupational exposure because it is odorless and colorless and tends to
accumulate in poorly ventilated areas. Once the lungs have absorbed the inhaled vapor, the mercury can reach different tissues via the
bloodstream, with the primary target the CNS and eyes because of proximity [2, 23]. When it is oxidized, it cannot penetrate the blood-
barrier again and remains for prolonged periods in tissues [2, 7, 8, 23].

As mentioned, the neurologic and thus the visual pathway effects resulting from mercury toxicity have been described widely [2, 23,
24].The long-term exposure effects can include symptoms from tremor, neuropathy, personality changes referred to as mercurial
erethism, speech disruption, delirium or rigidity to symptoms of VF defects, reduced VA, color and night vision, or decreased CS [2, 23, 25,
26]. However, the introduction of electrophysiology testing has established the presence of primary retinal involvement and that not all
alterations of the visual pathway are due to CNS poisoning [6].

As mentioned, the �rst patient complaints were attributed to a viral infection, which delayed the diagnosis. Thus, when diagnosed
correctly, the mercuric values in urine (mean, 302.86 µg/g Cr) and blood (mean, 392.93 µg/L) signi�cantly exceeded the maximal
accepted level for occupational exposure (< 30 µg/g Cr and 10 µg/L, respectively) [9, 10]. In such cases, the mainstay of treatment is
chelation therapy; however, only three patients underwent early chelation, which was stopped prematurely because of severe adverse
reactions. Fifteen workers underwent delayed chelation (8 to 12 months after the initial incident). However, late chelation did not result in
signi�cant symptom relief.

Twenty-six workers exhibited symptoms related to erethism. Some also showed typical symptoms associated with cognitive mercury
poisoning such as memory and attention disturbances [23, 24]. Tremor of the hands, head, and eyelids, a late symptom of mercury
poisoning, also occurred in some patients. EMG showed signs of mixed sensorimotor polyneuropathy and multiple mono-neuropathy
alterations 12 to 18 months after exposure.

In this series, the VA decreased minimally and occurred in nine patients from G1 and �ve from G2; however, advanced visual functions
were impaired signi�cantly apparently independently of the mercury levels since signi�cant negative correlations were seen only among
the BML, BCVA, and ffERG.

Color vision and CS impairment at high spatial frequencies also were found, with the most frequently observed color vision alteration in
the blue-yellow range. These �ndings agreed with previous studies [25, 27–29].

The most prevalent VF pattern was concentric constriction (17 eyes, 29.3%), which agreed with previous studies [30, 31]. This visual
impairment may have a central origin (calcarine cortex), as it has been reported previously [32]. In addition, the increased implicit time of
P100 in the affected patients, especially in G3, indicates delayed nerve conduction and involvement of the visual pathway. da Costa et
al. also reported this �nding in 2008 (Costa et al. 2008). In the current series, signi�cant retinal involvement also was seen, since the
same patients showed retinal dysfunction in the ffERG, PERG, and mfERG tests, with both a generalized retinal response loss and
alteration of the central retinal area, which could have affected the results obtained in the VF tests.

The ffERG showed changes in the SRR and OP of the ISCEV protocol, suggesting that rod cells are impaired by acute mercury-vapor
intoxication. We did not �nd differences in the MSR, 30-Hz �icker, and SFCR data, which are key for assessing macular cone function, in
the global sample compared to controls; however, signi�cantly lower measurements were found in the ffERG in G3 compared to the
controls, together with a lower amplitude of P50 in the PERG, suggesting that the cone cells and ganglion macular cells can be affected
by mercury poisoning. These �ndings reinforce the idea that both the outer and inner retina visual processes are involved. Finally, the
mfERG results are further evidence of damage to the photoreceptor pathway in mercury poisoning, since the amplitudes showed loss of
the retinal response within the central 50 degrees, as reported previously [6].
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A discrepancy was observed between the dysfunction patterns observed in the VF and the mfERG, with less involvement in the mfERG.
This �nding suggested retinal damage (detected by the mfERG) in addition to that in the visual pathway.

The latency and amplitude of PRPEV were not correlated with the BML; however, patients in G3 had latencies signi�cantly over 100
milliseconds and signi�cantly reduced P100 amplitudes. Although these results typically occur in optic neuropathies and visual cortex
abnormalities, they also can be associated with maculopathies, especially when they are interpreted in conjunction with retinal function
tests (PERG, mfERG, and ffERG). These results agree with the results reported by Ventura et al. and da Costa et al. in patients with
mercury poisoning [6, 19].

Despite the functional retinal involvement and in contrast to the results obtained by Ekinci et al [7, 8], OCT did not reveal structural
changes in the RNFL, macular CRT, and choroid thickness when results were compared to the normalized reference values [17, 18]. These
differences might be related to the intensity and the manner of poisoning, as the current patients reached higher levels of mercury in a
short time compared to the long exposure times of workers examined by Ekinci et al [7, 8].

This study has some limitations. There were no environmental measurements of mercury either before the accident or during the
occupational incident. In addition, probably only the most affected patients were evaluated at the IOBA-Eye Institute, and the time that
elapsed after the acute accident and the assessment at the IOBA likely was not the most appropriate for adequate follow-up over time.
Most of the identi�ed visual alterations, in our opinion, were attributable to the occupational exposure to mercury vapor, but we do not
know the ophthalmologic baseline status before the accident. In addition, because of the lack of programmed follow-up, we had no
information about the current clinical situation or about the evolution of most patients. Regarding the electrophysiologic tests, since half
of the contaminated patients presented with no VA alterations, the results obtained from the global sample probably are affected by this
patient subgroup. For this reason, our attention was focused on the subgroup G3. In addition, caution should be exercised when
interpreting the results obtained from the comparisons between the control group and subgroup G3, because the samples size might be
small for both groups in some comparisons. Finally, the OCT technology has evolved so rapidly that it is possible that with OCTs based
on swept-source or ultra-high resolution it would have been possible to detect changes in the retinal or choroidal structures.

Even so, this study presents some relevant �ndings from a very rare and extremely serious event, for which references are scarce. First,
the VA is affected slightly and there is more VF involvement. However, other visual function assessment tests seem to behave
independently of the mercury levels. The most prevalent VF alteration is decreased VFs, but central involvement also was found. This
�nding could be of retinal and/or neurologic origin considering the mfERG results. No anatomic retinal changes were identi�ed in this
series, but it is possible that the new OCT systems allow establishing the structural bases of these alterations. Delayed chelation
apparently did not bene�t the patients.

In summary, despite its limitations, this series of patients affected by the same event contributes to the information obtained about
mercury poisoning for future similar situations.

Conclusions
This is one of the largest series of mercury poissoning reported in the last years in which patients could be analyzed with new diagnostic
techniques. Besides it is the only one reporting data on OCT or multifocal ERG after acute exposure to high concentrations mercury, as
the current reports are on patients suffering chronic expposure. Finally, �ndings in the multifocal ERG allowed us to demonstrate that
visual impairment after acute events is not only due to high visual pathway neurologic damage, but to retinal damage too at least in
patients with the worst visual �eld outcomes.
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