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ticle abstract—The ' histopathologic effects of methanol on the optic ner ve were studied in four patients. ,•
. inscribed myelir, damage o:cu rred behind the lamina crib 1 usa in each nerve. Axons were prese rved. Demyelination

occurred in cerebral hemispheric white ma tter in one patient. This selecti ve myelinoclastic effect cf methanol 
:abolism is plobabl y, caused by histotoxic anoxia in watershed areas of the cerebral and distal optic nerve
ilbtiuns. Juxtabulbar demyelinatlon may cause optic disk edema in methanol poisoning by compressive obstruction
thugrade axoplasmic low. Visual loss may be due to disruption of saltato ry conduction. Retrolaminar demyelinating
'c neuropathy is an early morphologic correlate of visual loss in methanol intoxication. y j
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Methanol optic neuro ath :	F 1

ilt .

A histopathologica' I - stud'Y
James . Sharpe, M.D., Michael Hostovsky, M.D., Juan M. Bilbao, M.D., J ?

and N. Barry Rewcastle, M.D.

Lhanol is a rare cause of toxic amblyopia, but reactive to light. No funduscopic abnormalities were
an inexpensive product of our forests, with observed. Corneal and vestibuloocular re fl exes were ab-

an combustion prope rt ies and an attractive aI- sent. Apart from infrequent multifocal seizures, the limbs
aatire to dwindling energy resources. Increasing were flaccid and areflexic. Blood pressure was maintained 
mercial use may increase the frequency of its at levels above 95 60 mm Hg. The results of the physical

is effects. examination were otherwise normal. Serum methanol
concentration was 395 me Der deciliter: After resusci-

'athologic studies of the visual pathway after tation and ventila arterial PO, w•as 248 mm Hg,
Al methanol intoxication hav e led to conflicting PCO, was 41 mm Hg, and the pH was 6.91. The bicar-
cepts about the morphologic basis of visual loss. bonate concentration was 9 mEq per liter (tablet. The r .

f . ne aLo1 severe metabolic aciuosrs was treated K•rth intravenous "
bicarbonate.'.tiethanol intoxication was treated by giving r f
intravenous 5% ethyl alcohol in dextrose solution at Q ^'
infusion rates of 100 to 250 ml every 1 to 2 hours and -1 —1-
by continuous peritonea] dialysis. After several hours 1 1
the serum methanol concentration fell to 198 mg per
deciliter. The patient remained oliguric, developed par-
alytic ileus, and died 30 hours

,

after admission. , j}reported axoplasmic stasis at the nerve head 
d alteration' of the myelin sheaths in the retro- pathologic f ndings. Examination ofthe formalin-.-nar nerve segment of rhesus monkeys. We fixed brain showed acute ischemic neuronal:• describe the clinical and histopathologic fea- changes in the cerebral cortex, hippocampi, andes of methanol optic neuropathy in four patients. basal ganglia. Myelin stains showed no abhor-rôlamin mvelin seems to be selectively vul- • malities in cerebral, cerebellar, or brainstem whitea e161 to methaanol poisoning: matter.
e reports. Patient 1. An unconscious 48-year-old Both eyes were removed by an intracranial ap-

was admitted after a drinking binge. In the emer- proach, so that the entire optic nerves were pre-
• •y department. he suffered respiratory arrest. After served en bloc with the eyes. After fixation in 1O5
:scita:ion, he remained comatose and required ar- forinalin • the distal optic nerves were sectioned
a] ventilation. The pupils were dilated and un- longitudinally and the proximal nerves trans-

ogic exammaton %%asl per orme nd soo
^r intoxication, there were minor retinal gan-
,n cell changes-- 4 that could have been artifacts
-r utolytic. In cases of prolonged survival, there
= loss of both ganglion cells and optic nerve
.ns,23 Lindenberg et a] s found necrosis of the
rolarninar nerve head in two patients. Baumbach
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ersel y
. 11lvelin stain showed symmetric oval area

of pallor of n,v elin in tl:e retrolamin.,r ner^ • e -(•l;
merit surrounded b y

 a tl.m rim of'pFL'-c.•%c•(l n ►yelit,.
extending 1 to ].5 cm p-„teriur to the lamina. cri-
brosa (figure 1, A and B. Bodian stains showed
preserv

ation of nerve fibers through the involved
segments 'figure 1, CJ. This region showed an in-
filtration of ha o es and few po-
lymorp onuclear cells. Bloc s oT tissue ,%-ere
embedded in plastic resin and sectioned trans-
versely for el

ectronmicroscopv (EMr. Sections
showed periaxonal spaces within the myelin sheath
and clefts within the myelin lamellae (figure 21.
The periaxonal spaces appeared to displace axons.
Similar EM preparations from postmortem control
optic nerves showed some dela-urination of the
rrtvelin sheath and enlarged periaxonal spaces, but
he changes were far less pronounced than in the

Damaged optic nerve. Although the control material
ndicated that some of the ultrastructural changes
n the patient's optic nerves were probably artifacts.
he marked pathologic changes were comparable

. o those in the optic nerve of the methanol-poisoned
nonke} ^ The retina showed preservation of retinal
anglion cells ifigure 3'. The plexiform: layers and
.ter retinal segments showed considerable post-
.ortem autolvtic changes, and the retinal nerve
ber la y

er was intact.

atient 2. This 53-year-old man complained of foggy
on after a drinking spree At a local hc•=pital he was
nd dvspneic. and within 15 minutes he, was unres-

nsiv'e and cyanotic. The pupils were in midposition;
:responsive to light. Funduscopr showed bilateral optic
=n s y

elling with engorged veins but no hemorrhages.
:e limbs were flaccid and arelexic. He was unre-
-,
nsive to painful stimuli. There were no ocular re-

^nses to caloric or oculocephalic stimulation.
Three hours later he had a respirator y

 arrest and was
rnpth• resu s

citated. Blood pressure was 80 60 mm
A blood methanol level « •

ac 117 mg per deciliter
d arterial blood gases showed see ere meta ~, tc aci o^is
blei. which was treated effectivel y

 with sodium bi-
-'onate. He required continued ventilation. Neither
.!on -a! dialysis nor ethanol was given. He remained

tone and died 72 hours after the unsex of visual

Pathologic findings. The formalin-fixed brain
abnormall y

 friable. Microscopic sections
wed scattered eurcnal eosinophilia throughout
cerebral cortex and in cerebellar Purkinie cells.
white matter lesions were identified.

The right eye.and an adjacent segment of optic
ry

e were obtained for histopathologic exami-
ion. There was extensive pallor ofmyelin within
retrolaminar nerve. A thin margin of myelin

c se•t•
 -ation was evident around its circumference.

?schon •
sky staining for axons showed relative

•-ervation of nerve fiber continuity throughout
cam.:e tnate_ core of the nerve, Tne retina
^u r:orn:a €angiio:t cell and ner^ • E fiber laver

- -c+-- - -- • -••. •.. • . I + wr.L (.( t' SVc(jon of tell optic
nerve shows intro ravel in clefts. Axon:: appear
displaced within enlarged periaxonal spaces in m:•clin
sheaths. Glicl cell shoos cytopinsnric su •ellinp .2nd
dissolution ([organelles iEllf • original. maienific•nlion
> 8000). Tl,, changes are pro bahh •

• in port, nrrtnlrtic
but r ye enibit those' • in the tacthanol•poi.une •d mc,nl,'ev.

s

r rgure J. Patient 1. Srctio,, of/('fl retina shuns
presence olgangllon cells o'ith preser( •

otiarr of nerve
fiber laver and inner nuc/,•cr laver in patient (E y ing 30
hours after in!aricatrrn c rrt .f 

Violet: original
niapnificn (ica r 40" •

configuration. Changes in outer retinal lavers were
considered autolvtic.

Patient 3. A 52- y
ear-old man c,)mplained of back and

chest pain and then cc' llap-ed at home. He ua taken
to a local hospital; where he was agitated and dv, arthric.
The pupils were Nixed and dilated. No fundu-c•.,pic a!'.
formalities were de=cribs-d ( .

erieralized Seizures +•c•re
followed by period= of apnea and h y

potension Arterial
bk",d •

''e= sh.j:red -e err na•tal,,,^ic acidosis itablr..
No hi-! ,n• r.r

methanol inac'.t obtuinc•. but thy•
b ood ):•.'(liens.: Ic • rc•J v:,,, 1' I n _ pt,' d(-ci:i:er. 1',I tietall
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Table. Summary of patient information

Patient

Age (vr)

Presenting
complaint

.Pupils

• Fungi

Blood methanol

Acid-base balance

Treatment

Survival

4t

Intoxication

-•Fixed

Normal

395 mg:

HCO, 9 mEq 1
PCO, 37 mm Hg
pH 6.94

HCO,
Ethanol
Peritoneal dialysis

30 hours

2

53

V1=ual blurring

Fixed

Disk edema

117 mg'4

HCO, 6mEgI
PCO 36 mm Hg
pH 6.78

HCO,

72 hours

3

Dc.pnea

Fixed

Disk edema

101 mg,

HCO, 3.4 mEq I
PCO; 23 mm HF
pH 6.8

HCO.
Ethanol
Hemodialysis I

16 days

4

64

'• <<u.Il barring

I mpaired light
react inn

Disk edema

2454 mg'.

HCO, 10 mEg7
PCO l7 mm Hg
pH 7.42

HCO

Ethanol
Hemodia1v,is

.5 hour-

he remained comatose and required respiratory
 support.

The pupils remained fixed and dilated, and all reflexes
were absent. Blood pressure was maintained.._ ar ' c yt -
arrest was followed by prompt resuscitation, and he was
transferred to our care for hemodialvsis. intravenous
ethanol, and bicarbonate. Three days later, he

' '' -
remained

comatose with extensor posturing after tactile stimuli. `-
The pupils reacted slightly to light. Swelling of both 'a '-
optic disks was evident for the first time. He regained

•

— ^+ pR
spontaneous ventilation and survived for 18 addtional
days, but remained comatose and d ecerebrate until death.

j
' ..Y

YPathologic findings. The brain Kas s rolten with c _
flattened gyri. Coronal sections of the formalin-

1fixed brain showed extensive damage to white ' d f j ^
matter in the centrum semiovale with sparing of - • •°_w t•.-%
subcortica] U fibers and infarction with softening
and cavitation of the putamen (figure 4,. \Iicro-
scopic examination uction Figure 4. Patient 3. Transrersr sects,,, ofc.•r, !,run,of ^•

elin throughout the sere ral hemispheres shows cavitation and necrosis ,f putom n and
with preserva ion o su cortica mye in on v. eep-i,+'i hlh t a cone of thew ite matter, axons were

cxter,sice dam age to white matter thrrughour the
her;nsphcres. Spared subrorica? Z' f hcr., or et ident

beaded and degenerated. but they « •ere intact beyond border zones of ,i rcrusr. arrua^.c,.
thr^ o h ut most of the affected white matter. The
hippocampus, cerebral cortex, and thalamus
showed neuronal eosinophilia with n ophae
infiltration. Striatal vessel walls showed endo-

optic nerve beginning a few millimeters behind

the is pro iferation. the lamina cribrosa tfigure 5, A). In contrast t,_
the circumferential rim of spared myelin in patientsBoth eyes and optic nerves were removed en

bloc. The globe, optic nerve, and nerve head
I and 2, demyelination was wedge-shaped, ex-

were
sectioned longitudinally •fnr 8 to 10 min behind

tending to the pia on one side. 1lyelin was lost.
within the core of the nerve that Wa= infiltrated

the globe. The nerves were sectioned tranrversel y 	- hr pha Toe vtis macrnpha The optic disks weremore proximall y . Meylin staining revealed a cen-
tral zone of frank demyelination in the anterior preser v

ation through the dt-nivcl^nated retrolam

1(196 \ECF'N ji(;1' \: 12 Uriohi•r I9 t. 2

• ^ '.::1
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ongitudinal section of right
optic nerc•e sh o res a ell
demarcated area of
dcm-.elination 'original
A
magrifrcativn - 2.5: LFB•

h'
ematoxWin and e osin. (Bi

Higk power eve tr fron affected
neri a segment'- in A, shows
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inar nerve segment (figure 5. B), the lamina cri-
;+ brosa, and the s vollen nerve head. The retinal

ganglion cells and nerve fiber layer were prc^ser-ved
J^ I (figure 6^. As in patients I and 2. postmortem

autolytic changes precluded assurance of integrity
of photoreceptor or plexiform layers.

Patient 4. A 64-rear-old man with chronic alcholism
complained of impaired vision several hour s

. after
drinking three cups of methyl hydrate. Eight hours after
intoxication, examination showed no abnormalities apart
from reduction in visual acuit y to light perception in
both eyes. The fundi were normal. Blood pressure was
100.'70 mm Hg, and the respiratory rate was 26 per
minute. A rterial blood gases showed severe metabolic
acidosis I table), The serum methanol concentration was
2454 mg per deciliter. Acidosis was treated by intra-
venous bicarbonate and methanol intoxication by oral
ethanol, 35 ml ever y 2 hours, and hemodial ysis. Within
16 hours of intoxication. the.patient was comatose. Two
days later, funduscopic examination showed elevation
of •

the margins of both optic disks. The patient then
suffered a respirators' arrest, requiring a rt ificial ven-
tilation throughout his course. His blood pressure was
sustained at normal levels, but he required ventilation
until he died 75 hours after ingestion of methanol.

' I

	

	Pathologic findings. The brain wa wrollen. Co-
ronal sections of the formalin-fixed tissues owed

'j bilateral hemorrhages arising from the region of
the lenticular nuclei. The hemorrhages ruptured
into the lateral ventricles symmetrically. The
thalamus and diencephalon were distorted from
transtentorial herniation, and the brainstem teg-
mentum showed multiple secondary hemorrhages.

Both optic nerves were sectioned longitudinally.'
A1velin stains showed complete loss of myelin

t :. staining behind the lamina cribrosa, extending

Figure 6. Patient 3. Section 'ii right retina ..s! nrr :x
p-escrl'atrnn of re i

v
in! gnnchan r •

•
•
11 and /rut.' lh,v

!o, er IS do .c of/e s 
•ur(l'nrr•J! int,.1Icn/JVn. 7li,' itmer

p!t:xifarnr la y er is oufo.v.crd n ccn-,otoxviirr n •id r•srn
LFB: one inn! nrnenr; iintivr - 32J)r

r:

proximally for approximatel y 18 mm. In contrast
to the other patients, mv-elir. pallor w evident
across the entire transverse section of :he retro-
laminar nerve. Corona] sections of the proximal
nerves showed no abnormalities. Axcr.ai stains
showed preservation of axis c\ linders throughout
both nerves. The retinal ganglion cell la yer, nerve
fiber layer, and inner and outer nuclear layers
were spared.

Discussion. These four patients illustrate the
typical course of severe methanol intoxication. The
early phase of cerebral depression is similar to
that caused by other aliphatic alcohols.- After a
latent period of 8 to 48 hours, severe metabolic
acidosis, ocular toxicity, and progressive cerebral
dysfunction are characteristic. Death or survival
with quit y•c al loss foll ow, The mor-
phologic basis of amblyopia as been controversial.
Pick and Bielschow+'sky` and others' ' reported
damage to retinal ganglion cells that may have
been secondary to descending (retrograde ► degen-
eration of optic axons, not a primary effect of poi-
soning. In the monkey. Potts et al l found no ob-

i servable (change in t e ganglion cells in five of six
specimens after methanol. poisoning. They iden-
, Pied demyelination in the optic nerve with ques-
tionable loss of ganglion cells in one animal.

;' Baumbach et al^ documented altered myelin
sheaths in the retrolaminar nerve segment of
monkeys 2 to 7 days after methanol ingestion:
retina l . ganglion cells were spared. Their experi-
ments supported the pathologic observations of
Lindenberg et aP in humans, who reported myelin
destruction in the core of the nerve, just behind
the lamina cribrosa. in two patients studied I to
2 days after intoxication. .The observed relative
preservation of ganglion cells and earl y necrosis
of nerve fibers in the damaged segment. The se-
lective myelin changes in the retrolaminar nerve
segment in each of our patients indicated that this
was a morphologic characteristic of methanol optic
neuropathv.

The mechanism of methanol toxicity i- indirect.
Methanol is catabolized to formaldeh yde in the
liver by alcohol dehydrogenase and cat::;ase. For-
maldehvde is in turn metabolized to formic acid
by 

liver and red blood cell aldehyde dehydro€en-
ases." •

 Formic acid, not formaldehyde. is the toxic
agent)" ,

 An alcohol dehydrogenase inhibitor, 4-
methylpvrazole, blocks catabolism of n:f-thanol t,,
formate and prevents ocular toxicity in. the mon-
key." This drug has not been reported in huma:.
cases, but 4-methylpyrazole might be therapeutic
in methanol intoxication.

Metabolic acidosis parallels the clinical mani-
festations. but maintenance of physiologic acid base
balance dos" not prevent the ocular toxicity caused
by administration of formic acid in the nnonkev."
The distinctive optic tteuropath} • in our patient;

104P \F t'F.Vi.'u;l \.' '2 (lclob.-r 1952



be divided into four regions: the surface nerve fiber
 layer, the prelaminar optic disk, the lamina cri-

brosa, and the retrolaminar nerve. These regions
have distinct but overlapping vascular supplies. !- - 2{
The lamina cribrosa is supplied by transverse cen-
ti •

ipetal branches of the short posterior ciliary ar-
teries. The retrolaminar nerve is perfused by re-
current branches of the short posterior ciliary
arteries and the pial plexus, which is in continuity
with other pial branches of the ophthalmic arterv.^'
Although the central retinal artery dispatches
centrifugal branches, there is usually no centrifugal
branch in the retrolaminar segment.' In addition
to these major transvere perfusion systems, there
are two longitudinal microvascular systems, one
around the nerve and the other within it. !  A mi-
crovascular cuff around the disk provides anas-
tomotic continuity of the pial plexus around the
nerve. 23 Within the nerve head, there is continuity
of the capillary bed from the surface nerve fiber
layer through to the retrolaminar segment."'

This luxurious perfusion- to is thought to protect
the nerve head from ischemia, so that experimental
occlusion of the posterior ciliary arteries causes
only transient stasis of axoplasmic flow without
infarction} However, the common occurence of
ischemic optic neuropathy after hypotensive
events''2- indicates that the nerve head is a shock
organ, like renal tubules and watershed areas of
brain. Microvascular overlap in the retrolaminar
nerve is analogous to that described above in cer-
ebral hemispheric white matter.'"

We postulate that the retrolaminar optic nerve
is selectivel y vulnerable to methanol toxicity, just
as is the white matter of the cerebral centrurn
semiovale. The optic nerve lesions in all our patients
and the cerebral lesions in patient 3 were similar.
This damage differed from that in ischemic optic
neuropathv. in which necrosis affects the nerve
segment perfused directly by the short posterior
ciliary arteries.'' velin damage, sparin axons,
was seen i n our patients. a occurrence of ran

em^re matron ii the patient with the longest sur-
vival 'patient 31 is evidence that pallor of myelin
staining in the other three patients was a prelude
to demvelination. This selective m yelinoclastic ef-
fect of methanol may result :'from a tstotoxic
anoxia caused by formate.'" We could not exclude
anoxic or ischemic.hvpoxia caused by terminal
hypotension and respiratory failure in our patients,
but similar retrolaminar mvetin damage in the

:monkey has been attributed to f rrmate toxicity
alone.`'''-- These observation. suggest that the
histotoxic effects of formate on oxidative mctab-

{
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therefore an effect of formate accumulation.
Selective ulnerabi!it_ of th iminar ,,-

egment to 1orrn4ie intoxication require; exlpl l
ration. All four patients showed a uniform patter
fmyelin lesions behind the optic disk: a periphery
itn of myelinated nerve fibers was preserved it
.re of the seven eyes examined. Hayreh et a1"
,stulated that selective concentration of format

:i this segment of the nerve caused the focal myelin
:amage. They , I suggested that formate in the cho-
iocapillaries diffused through the peripapillary
horoid into the adjacent optic disk and retrolam-
,ar segment; the choriocapillaris has a copious
!ood flow and is freely permeable to such small
!olecules.

Although that theory"" might account for con-
•ntration of formate in the nerve head, it does
•'t explain selective damage to the nerve core
ith . sparing of myelin subjacent to the lamina
-brosa or of subpial myelinated nerve fibers t fig-

1). Formate concentration in CSF is similar
that in the blood in experimental methanol optic

,r uropathv.' = When horseradish peroxidase was
ijected into the intracranial CSF. the pigment
i peared in the optic subarachnoid space and dif-
.-ed freely into the nerve all along its course.'"
:nce the pial surface of the optic nerve shows no
rrier activity to small molecules.' - sparing of

ibpial mvelin in our cases suggests an alternate
-chanism.
The explanation for the unique pattern of optic
image may be found in the pattern of cerebral
zite matter damage after methanol intoxication.
rthner" described white matter lesions in the
ntrum semiovale of the cerebral hemispheres
id putaminal necrosis as features of methanol
xicity. Our patient 3 and tivo other. patients's
"firm this distinctive distribution of leucoma-
cia. Such white matter lesions are not, however.
^cifc for methano llintoxication. They also occur
'er carbon monoxide poisoning, postoperative and
aesthetic hypotension, strangulation, hypogly-
mia, cardiac arrest, and seizures.''' Anoxia Anoxia
.e ms to be the common factor. Four types of anoxia
use tissue damage: ischemic, histotoxic. anoxic.
.d anemic.'"Formate inhibits cytochrome oxi-

, rri,uchondrial enzyme system that is re-
. ed for oxidative phosphorvlation, therebv

,sing histotoxic anoxia.
Anatomic studies of cerebral white matter
rfusion . suggest that histotoxic anoxia may have
en responsible for the cerebra] white matter
.mage in patient 3. White matter of the centrum
miovale lies at the border zone of ventriculopetal
=els from the cerebral surface and ventriculo-
+1 vessels from the deep perforators and choroid

yes.'= ' According to the neuropathologic principal
.ore le'' to Wiese? he last meadow r, areas located
the tern nation c•f:%vo vascular territories are
-!dispost_ to ischer • ia.'' This endartery or n•a-

• of cerebral white matter to formate in patient 3
• and tither ca;e . ' 4 0: Similarly, a watershed effect

pattern may contribute to selective vulnerability of the
peripheral anterior optic nerve in our patients.

format
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tershed effect can explain selective vulnerability

Arterial perlusion of the Optic nerve head can



vlism are especially profound in areas of watershed
perfusion.

Two modes of frrmatc action can explain meth-
anol amblyopia. i i; The myelin damage may cause

•. '' • visual loss by impairing saltatory conduction. Cy-
tochrome oxidase activity is lever in white matter
than in gray matter." and oligodendroglia of optic
nerve and cerebral white matter may be more vul-
nerable to formate toxicity than neurons of retina
or cerebral cortex. (21 By inhibiting cy-tochrome
oxidase, 9 formate may block ATP formation, whi p h
is required for maintenance of axonal membrane
polarity and conduction. 16

Optic disk edema occurred in the three patie is
with survival over 2 days but not in the patie t
with survival of 30 hours, an observation cons r-

I ! dant with delay of optic disk edema until 2 days
1 i after experimental methanol poisoning in the

1
;{ monkey.,, CSF pressures were not measured n
{ our patients because of disk edema and possibi e

cerebral swelling. However, normal CSF pressurs
in monkeys with optic disk sw• elling5•!' indicale
that methanol causes disk edema independently
of CSF pressure elevation. . I

Axoplasmic stasis is an established mechanism
of papilledema. Z, Two effects of methanol co

• lead to axoplasmic stasis. Since axonal transport
is dependent upon oxidative metabolism; 0 formate
inhibition of cytochrome oxidase 19 may retard an-
terograde axoplasmic flow. Distention of the myelin
sheath identified by EM in the monkey s and in
our patient 1 may cause axoplasmic stasis by me-
chanical compression of nerve fibers.

Optic atrophy ensues in many patients who sur-
wive methanol poisoning. 6 The atrophy does not

' ' J specify a primary insult to axons because loss of
optic axons is also a conequence of demyelination

in %IS . 3 -, •32 Axonal integrity seems to depend upon
maintenance by the myelin sheath. These his:o-
pathologic findings indicate that a selective mye-
linoclastic effect of methanol intoxication is re-
sponsible  for visual loss. Among the toxic
amblyopias, this retrolaminar demyelinating oblid
neuropathy is unique.,
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