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Retinal Toxicity From Thioridazine
and Other Phenothiazines

Michael F. Marmor

The potential of phenothiazines to cause retinal tox-
icity was recognized in 1956 when pigmentary retin-
opathy was described in patients receiving the ex-
perimental phenothiazine NP207.'* 2 %3 This drug
was promptly withdrawn from human usage, but
within 4 years similar cases were observed with thi-
oridazine (Mellaril).** Both of these drugs have a
piperidylethyl side chain (Fig 78-1), a feature lack-
ing in other phenothiazines except for mesoridazine
(Serentil), which is a metabolite of thioridazine.
There is little evidence that significant retinal dam-
age has occurred from any phenothiazines other
than thioridazine and NP207, so it is preferable to
use more specific terms such as thioridazine retinop-
athy.

THIORIDAZINE AND NP207

Clinical Findings

The development of thioridazine retinopathy de-
pends most critically on the daily dose of the drug
rather than on the cumulative amount as appears
most relevant for chloroquine toxicity. Symptoms of
blurred vision or poor dark adaptation can develop
within a few weeks of high-dosage administration
(e.g., 1,200 or 1,600 mg/day),” ' 3* ** 4 and only
very rare cases of retinopathy have been reported
with dosages at or below 800 mg/day, which is gen-
erally accepted as the upper allowable limit." "¢ 22
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There have also been rare cases that implicate toxic-
ity from long-term usage," ** but this is clearly an
uncommon event if it occurs.

New cases of thioridazine retinopathy are infre-
quent nowadays since the psychiatric profession is
generally aware of the retinopathic risks and the ac-
ceptable dose level. As early as 1961 the Physicians’
Desk Reference noted pigmentary retinopathy as a
side effect at “high doses,”*> and the maximum rec-
ommended dose has long been listed as 800 mg.
Retinopathy sometimes develops when a patient (or
sadly a doctor) tries to improve the therapeutic effect
by multiplying the daily dose. A recent report notes
that blood levels of thioridazine may be elevated
severalfold by the simultaneous administration of
propranolol*’; this could potentially bring safe doses
into a toxic range.

The fundus changes in thioridazine retinopathy
are striking and very characteristic. In the acute
stage of toxicity (Fig 782, Plate 10), one sees coarse,
brownish pigmentary stippling in the macula and
posterior fundus.'® Even though treatment with the
drug may be stopped, these pigmentary changes
will evolve over time to produce a quite different
(but equally characteristic) appearance of patchy
or nummular retinopathy (Fig 78-3, Plate 11) with
geographical areas of atrophy and hyperpigmenta-
tion.?"" #® This evolution of fundus appearance has
led to some confusion about whether the retinopa-
thy progresses after cessation of the drug therapy. If
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FIG 78-1.

Chemical structure of some phenothiazines.

visual symptoms are recognized promptly and treat-
ment with the drug stopped, a degree of functional
recovery can occur,® * ** although pigmentation will
persist and evolve. After large and prolonged doses,
retinal damage is irreversible; there is minimal if any
recovery after cessation of drug therapy, and there
may be late deterioration.

There is no specific treatment for thioridazine
retinopathy other than cessation of drug usage.
However, one might advise patients who have suf-
fered thioridazine retinopathy to take routine steps
to minimize light-induced or oxidative damage,
which may contribute to retinal aging and com-
pound the retinal damage.” For example, patients
should avoid stressful light exposure (especially
from short wavelengths) and a deficiency in antioxi-
dant vitamins and minerals, steps that are probably
prudent for any individual with compromised reti-
nal function.

FIG 78-2.

Examples of early thioridazine retinopathy. Coarse granular
pigmentation is present in the macula and beyond. (See
also Color Plate 10.)

Stable vs. Progressive Retinopathy

The issue of whether there is late progression
of retinopathy, as may occur after chloroquine toxic-
ity,'* 323738 is important. The fundus picture in
thioridazine toxicity unquestionably evolves, and a
few reports document late visual loss or electrophys-
iological damage after thioridazine therapy has been
stopped.'” '* 2! 2 However, the literature also doc-
uments the fact that visual function often improves
during the first few months or year after stopping
treatment with the drug,® * ?* ?® despite a progres-
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FIG 78-3.

Examples of late thioridazine retinopathy. The appearance
has changed to a nummular pattern of atrophic and hyper-
pigmented patches. (See also Color Plate 11.)

sion of fundus lesions from grannular to nummular
retinopathy. Thus, one must distinguish two phases
of thioridazine retinopathy: in the first 1 to 2 years,
there is evolution of chorioretinal scarring that is in-
dependent of visual function (which is typically sta-
ble or improving). After 1 to 2 years, there may be
gradual expansion of nummular fundus lesions, and
visual function either can be stable or can slowly de-
teriorate.

A question that cannot be definitively answered is
whether this occasional late deterioration represents
chemical toxicity by drug retained in the retinal pig-
ment epithelium (RPE). This is possible, of course,
but is a bit implausible after visual function had
been improving or stable in preceding years. Expan-

sion of chorioretinal scars may occur with aging (in
macular degeneration) and in disorders where there
is presumed subclinical damage to the RPE (postu-
lated®" *? to explain the “creep” in macular photoco-
agulation scars). As a systemic drug, thioridazine
damages the RPE diffusely, and the patchy nature of
the retinopathy probably results from subtle regional
differences in toxic effect; thus it would not be sur-
prising for the patches to expand over time into the
broader areas that were damaged at the time of drug
ingestion without postulating a reservoir of contin-
ued pharmacological toxicity.?® Regardless of its eti-
ology, the occasional occurrence of late progression
means that patients with thioridazine toxicity need
to be followed with quantitative tests such as the
ERG and visual fields. The use of functional tests is
important because a progression of pigmentary
damage is not necessarily equivalent to a progres-
sion of functional damage (as evidenced by the be-
havior of thioridazine retinopathy in the first 1 to 2
years).

Physiological Testing

Generally speaking, the electroretinogram (ERG)
is depressed in proportion to the amount of visible
damage to retina and pigment epithelium (Fig
78-4). In severe cases both the ERG and electro-
oculogram (EOG) are irreversibly extinguished. Few
reports have attempted to differentiate the physio-
logical parameters more precisely. Both cone and
rod signals are depressed in severe cases® & 2! 28 34,
Tamai and Holland suggested that scotopic testing
may be more sensitive than photopic testing in mild
cases.*”” There are no data on whether the EOG
might be affected earlier or more specifically than
the ERG, as might be expected if the damage were
localized initially to the pigment epithelium. EOG
results have ranged from normal’® to an unrecord-
able light/dark ratio®® and have generally correlated
with the level of ERG damage. Miyata and col-
leagues® have reported that usage of thioridazine at
ordinary (not retinopathic) doses selectively sup-
presses the oscillatory potentials, but the clinical sig-
nificance of this observation is unknown. The macu-
lar ERG can also be reduced.' Visual evoked
responses have not generally been recorded. Since
the toxicity of the drug and the onset of symptoms
are relatively acute, electrophysiology is used more
often to document the extent of damage than to de-
tect the earliest signs of damage (as is done for chlo-
roquine and its analogues).

A review of the many published reports of thio-
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Range of ERG findings in four cases of thioridazine retinopathy. The response is normal in patient 1 and nearly unrecordable
in the right eye of patient 4. The ERG is roughly correlated with the severity of visible retinopathy. Note that patient 2 pro-
gressed from granular to nummular retinopathy, but the ERG improved from a very low signal (extinguished to a hand-held
flash) to a relatively normal one (recorded with a full-field flash) that remained stable over 412 years.

ridazine retinopathy (see the reference list) shows
that abnormalities in visual acuity, visual field, con-
trast sensitivity, glare sensitivity, and dark adapta-
tion (Figs 78-5 and 78-6) occur in accordance with
the general degree of organic retinal damage that is
present. Scotomas tend to match the areas of pig-
mentary and atrophy change and may spare only a
tunnel of vision when damage is severe. Color vi-
sion testing may show tritanomalous errors typical
of retinal disease, but the pattern of errors is often
irregular. Contrast sensitivity is typically poor and
may account for a variety of subjective complaints.
There may sometimes be difficulty in distinguish-
ing organic symptoms from psychogenic overlay
since many patients using this drug have significant
psychiatric disease and some will amplify or deny
symptoms. A patient of mine,* for example, had

isolated scotomas in 1986 that coalesced to leave
only 10 degrees of tunnel vision by 1988, at which
time he began to use a long cane. However, fundus
photographs and the ERG showed absolutely no
change, and after considerable discussion and con-
frontation his vision “improved,” and his fields re-
turned to their baseline level. This patient unques-
tionably had retinal damage and visual field loss
from thioridazine retinopathy, but erroneous conclu-
sions about the nature and progression of his dis-
ease might have been drawn if objective testing had
not been performed.

Mechanism of Toxicity

Histopathology of an eye with advanced thiorida-
zine retinopathy showed disorganization of photore-
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FIG 78-5.

Dark adaptometry in thioridazine retinopathy: same patients
(identified by age) as in Figure 78—4. Top, improvement af-
ter cessation of thioridazine therapy; bottom, impaired dark
adaptation in two other patients.

ceptor outer segments and a loss of underlying pig-
ment epithelium and choriocapillaris.*’ The authors
suggest that the photoreceptor damage may be the
initial event since areas were noted where damaged
photoreceptors overlay morphologically intact RPE.
This is consistent with experimental NP207 toxicity
in the cat, which involves the photoreceptors as the
primary cell of injury.’> ?” Nevertheless, the mecha-
nism of cellular damage remains unknown. Thiorid-
azine binds to melanin, but binding alone seems un-
likely to be responsible for the toxicity since other
phenothiazines bind similarly and are essentially
nontoxic.® > Furthermore, thioridazine uptake has
been documented in the retina as well as the cho-
roid."”

Thioridazine inhibits succinic dehydrogenase and
activates lactic dehydrogenase to a somewhat great-
er degree than do some other phenothiazines,® %
but it is speculative whether this action accounts
for the retinopathy. In vivo, moderate doses reduce
the oscillatory potentials in rats,” but the reason for
this selective effect or its relevance to toxic retino-
pathy is unknown. A report by Ivaneina et al.'”
suggests that toxicity is not related to lipid peroxida-
tion.

210"

FIG 78-6.

Representative visual field changes in thioridazine retinopa-
thy: same patients as in Figure 78—-4. Top, the 25-year-old
patient tested 2 years after stopping thioridazine therapy;
bottom, the 36-year-old patient, 7 years after thioridazine
treatment.

OTHER CLINICALLY USED
PHENOTHIAZINES

Mesoridazine is a metabolite of thioridazine, has
the same side chain, but has not been reported to
cause retinopathy.'' However, this drug is more po-
tent psychologically and is given in roughly half the
dosage, so a greater degree of abuse would be nec-
essary to produce retinopathy.

There are reports of retinopathy after chlorproma-
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zine (Thorazine), which is probably the most widely
used phenothiazine agent.” ** However, the defini-
tion of this chlorpromazine retinopathy is quite
vague, and it is clearly not the type of severe well-
demarcated pigmentary degeneration that is associ-
ated with thioridazine. For example, one author re-
ported some cases with “fine clumping” of pigment
after chronic ingestion of 2,400 mg chlorpromazine
per day. In view of the fact that millions of individ-
uals have taken this drug and that many have cumu-
lative total doses in the kilograms, it seems highly
significant that so few (if any) cases of functionally
disabling retinopathy have been reported.*® Some
years ago I examined a number of patients who had
heavy chlorpromazine deposition on the lens and
cornea (a common finding in chronic users®), but
none had visual acuity or field loss, pigmentary
changes (that were distinguishable from age-related
damage), or electrophysiological abnormalities. Re-
ports of retinopathy with trifluperazine or other
phenothiazines are of questionable clinical signifi-
cance.

Although chlorpromazine retinopathy is not a
clinical concern, chlorpromazine administration can
produce electrophysiological changes in experimen-
tal animals. Chronic administration reduced the
ERG in albino rats but seemed ineffective in pig-
mented animals.?® In cats® and sheep,® the ERG a-
and b-waves were diminished by acute administra-
tion, and the sheep c-wave developed oscillations af-
ter an initial decrease.’ In rabbits, the ERG b-wave
increased during intravenous infusion of chlorprom-
azine, and the effect was the same in pigmented vs.
nonpigmented animals.'®

SUMMARY

Thioridazine retinopathy remains a genuine risk
as long as this drug is used clinically. Recognition of
the findings in thioridazine toxicity is important so
that the drug treatment can be stopped as early as
possible and so that the retinal damage is not con-
fused with other types of disease (such as retinitis
pigmentosa). The retinopathic risk from other phe-
nothiazines without piperidylethyl side chains is
probably very low, and generalized “phenothiazine
retinopathy” is not an entity of clinical significance.
Electrophysiological evaluation in thioridazine retin-
opathy does not show any unique pattern of photo-
receptor or RPE damage, but is important to docu-
ment the degree of damage. Keep in mind that

patients with thioridazine retinopathy often have
psychiatric disease and that psychophysical test re-
sults may be modified by nonophthalmic factors. Pe-
riodic follow-up examinations are important since
the fundus changes evolve over time and may or
may not be associated with visual loss.

REFERENCES

1. Ball WA, Caroff SN: Retinopathy, tardive dyskinesia,
and low-dose thioridazine. Am | Psychiatry 1986;
143:256-257.

2. Boet DJ: Toxic effects of phenothiazines on the eye.
Doc Ophthalmol 1970; 28:1-69.

3. Bornschein H, Hoyer ], Heilig P, von Lutzow A,
Heiss WD, Thaler A, Wundsch L, Hommer K: Tierex-
perimentelle Untersuchungen mit ciner das visuelle
System schadigenden Substanz. Graefes Arch Clin Exp
Ophthalmol 1974; 190:13-25.

4. Burian HM, Fletcher MC: Visual functions in patients
with retinal pigmentary degeneration following the
use of NP 207. Arch Ophthalmol 1958; 612—629.

5. Calissendorff B: Melanotropic drugs and retinal func-
tions. II. Effects of phenothiazine and rifampicin on
the sheep ERG. Acta Ophthalmol 1976; 54:118-128.

6. Cerletti A, Meier-Ruge W: Toxicological studies on
phenothiazine induced retinopathy, Baker SBdeC,
Boissier JR, Koll W (eds): Proceedings of the European
Society for the Study of Drug Toxicity, vol 9. Princeton,
NJ, Excerpta Medica, 1968, pp 170-188.

7. Chotibutr S, Miyata M, Hirosawa H, Ishikawa S:
Change in oscillatory potential by thioridazine. Oph-
thalmologica 1979; 178:220-225.

8. Cohen ], Wells J, Borda R: Thioridazine (Mellaril) oc-
ular toxicity. Doc Ophthalmol Proc Ser 1978; 15:91-94.

9. Connel MM, Poley BJ, McFarlane JR: Chorioretinopa-
thy associated with thioridazine therapy. Arch Oph-
thalmol 1964; 71:816-821.

10. Davidorf FH: Thioridazine pigmentary retinopathy.
Arch Ophthalmol 1973; 90:251-255.

11. Douglas KW, Hindley JP, Kerin MT: Some effects of
mesoridazine (TPS-23) on chronic psychiatric patients.
Dis Nerv Sys 1967; 28:113-117.

12. Ehrenfeld M, Nesher R, Merin S: Delayed-onset chlo-
roquine retinopathy. Br | Ophthalmol 1986; 70:281—
283.

13. Fishman G: Thioridazine hydrochloride (Mellaril)
toxic pigmentary chorioretinopathy, in Smigh JL (ed):
Neuro-ophthalmology Update. New York, Masson Pub-
lishers USA, Inc, 1982, pp 109-118.

14. Goar EF, Fletcher MC: Toxic chorioretinopathy fol-
lowing the use of NP 207. Trans Am Ophthalmol Soc
1956; 54:129-140. Also Am | Ophthalmol 1956; 44:603—
608.

15. Gregory MH, Rutty DA, Wood RD: Differences in the
retinotoxic action of chloroquine and phenothiazine
derivatives. | Pathol 1970; 102:139-150.

16. Hamilton JD: Thioridazine retinopathy within the up-
per dosage limit. Psychosomatics 1985; 26:823-824.

17. Ivanina TA, Lebedeva MN, Sakina NNL: Mechanism



606

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Evaluation of Retinal Toxicity: Functional and Practical Problems

of the development of thioridazine retinopathy. Biull
Eksp Biol Med 1988; 105:22-25.

Jagadeesh JM, Lee HC, Salaar-Bookaman M: Influ-
ence of chlorpromazine on the rabbit electroretino-
gram. Invest Ophthalmol Vis Sci 1980; 19:1449-1456.
Kimbrough BO, Campbell R]: Thioridazine levels in
the human eye. Arch Ophthalmol 1981; 99:2188-2189.
Kinross-Wright VJ: Clinical trial of a new phenothi-
azine compound NP 207. Psychiatry Res Rep Am Psy-
chiatry Assoc 1956; 4:89-94.

Kozy D, Doft BH, Lipkowitz J: Nummular thiorida-
zine retinopathy. Retina 1984; 4:253-256.

Lam RW, Remick RA: Pigmentary retinopathy associ-
ated with low-dose thioridazine treatment. Can Med
Assoc | 1985; 132:737.

Legros J, Rosner I, Berger C: Retinal toxicity of chlor-
promazine in the rat. Toxicol Appl Pharmacol 1973;
26:459-465.

Leinfelder PJ, Burian HM: Mellaril intoxication of ret-
ina with full restitution of function. Invest Ophthalmol
1964; 3:466.

Mainster MA: Light and macular degeneration: A bio-
physical and clinical perspective. Eye 1987; 1:304-310.
Marmor MF: Thioridazine toxicity: Is thioridazine
retinopathy progressive? Relationship of pigmentary
changes to visual function. Br | Ophthalmol, 1990;
74:739-743.

Meier-Ruge W, Cerletti A: Experimental pathology of
chloroquine and phenothiazine retinopathy, in
Weigelen E (ed): Proceedings of the XX International
Congress of Ophthalmology, part 2. Princeton, NJ, Ex-
cerpta Medica, 1967, pp 1129-1136.

Meredith TA, Aaberg TM, Willerson WD: Progressive
chorioretinopathy after receiving thioridazine. Arch
Ophthalmol 1978; 96:1172-1176.

Miller FS, Bunt-Milam AH, Kaline RE: Clinical-
ultrastructural study of thioridazine retinopathy. Oph-
thalmology 1982; 89:1478-1488.

Miyata M, Imai H, Ishikawa S, et al: Change in hu-
man electroretinography associated with thioridazine
administration. Ophthalmologica 1980; 181:175-180.
Morgan CM, Schatz H: Atrophic creep of the retinal
pigment epithelium after focal macular photocoagula-
tion. Ophthalmology 1989; 96:96—103.

Ogawa S, Kurumatani N, Schibaike N, Yamazoe S:
Progression of retinopathy long after cessation of
chloroquine therapy. Lancet 1979; 8131-1408.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

Physicians” Desk Reference to Pharmaceutical Specialties
and Biologicals, ed 15. Oradell, NJ, Medical Economics
Publishers, Inc, 1961.

Potts AM: Drug-induced macular disease. Trans Am
Acad Ophthalmol Otolaryngol 1966; 70:1054—1057.

Potts AM: The concentration of phenothiazines in the
eye of experimental animals. Invest Ophthalmol 1962;
1:522-530.

Reboton J, Weekly RD, Bylenga ND, May RH: Pig-
mentary retinopathy and irido-cycloplegia in psychi-
atric patients. | Neuropsychiatry 1962; 3:311-316.
Sassani JW, Brucker AJ, Cobbs W, Campbell C: Pro-
gressive chloroquine retinopathy. Ann Ophthalmol
1983; 15:19-22.

Schmoger E, Miiller W, Haase E: Follow-up in a case
of retinopathy more than 10 years after stopping
chloroquine therapy. Doc Ophthalmol Proc Ser 1978;
15:101-105.

Shah SS, Schachat AP, Murphy RP, Fine SL: The evo-
lution of argon laser photocoagulation scars in pa-
tients with the ocular histoplasmosis syndrome. Arch
Ophthalmol 1988; 106:1533-1536.

Siddall JR: The ocular toxic findings with prolonged
and high dosage chlorpromazine intake. Arch Ophthal-
mol 1965; 74:460-464.

Silver JM, Yudofski SC, Kogan M, Katz BL: Elevation
of thioridazine plasma levels by propranolol. Am |
Psychiatry 1986; 143:1290—1292.

Tamai A, Holland MG: Electrophysiological studies
on a case of thioridazine pigmentary retinopathy. Yo-
nago Acta Medica 1975; 19:188-196.

Verrey F: Degenerescence pigmentaire de la retine
d’origine medicamenteuse. Ophthalmologica 1956;
131:296-303.

Weekley RD, Potts AM, Reboton J, May RH: Pigmen-
tary retinopathy in patients receiving high doses of a
new phenothiazine. Arch Ophthalmol 1960; 64:95—106.
Wetterholm DH, Snow HL, Winter FC: A clinical
study of pigmentary change in cornea and lens in
chronic chlorpromazine therapy. Arch Ophthalmol
1965; 74:55-56.

Zinn K, Marmor MF: Clinical toxicology of the retinal
pigment epithelium, in Zinn K, Marmor MF (eds):
The Retinal Pigment Epithelium. Cambridge, Mass, Har-
vard University Press, 1979, pp 381-3%4.



