Principles and Practice of Clinical
Electrophysiology of Vision

Editors

Joun R. HEeckentivery, M.D.
Professor of Ophthalmology

Jules Stein Eye Institute

Los Angeles, California

Georrrey B. Arpen, M.D., Pu.D.

Professor of Ophthalmology and
Neurophysiology

Institute of Ophthalmology

Moorfields Eye Hospital

London, England

N Year Book

St. Louis  Baltimore  Boston

Associate Editors

Emiko Apacui-Usami, M.D.
Professor of Ophthalmology

Chiba University School of Medicine
Chiba, Japan

G.F.A. Harpoing, Pu.D.
Professor of Neurosciences
Department of Vision Sciences
Aston University
Birmingham, England

SveN Erik Nisson, M.D., Pu.D.
Professor of Ophthalmology

University of Linkoping

Link6ping, Sweden

Ricuarp G. WEeLeBer, M.D.

Professor of Ophthalmology

University of Oregon Health Science Center
Portland, Oregon

London  Philadelphia ~ Sydney  Toronto



hVA Mosby
Year Book
Dedicated to Publishing Excellence

Sponsoring Editor: David K. Marshall

Assistant Director, Manuscript Services: Frances M. Perveiler
Production Project Coordinator: Karen E. Halm

Proofroom Manager: Barbara Kelly

Copyright © 1991 by Mosby-Year Book, Inc.
A Year Book Medical Publishers imprint of Mosby-Year Book, Inc.

Mosby-Year Book, Inc.
11830 Westline Industrial Drive
St. Louis, MO 63146

All rights reserved. No part of this publication may be repro-
duced, stored in a retrieval system, or transmitted, in any form or
by any means, electronic, mechanical, photocopying, recording,
or otherwise, without prior written permission from the pub-
lisher. Printed in the United States of America.

Permission to photocopy or reproduce solely for internal or per-
sonal use is permitted for libraries or other users registered with
the Copyright Clearance Center, provided that the base fee of
$4.00 per chapter plus $.10 per page is paid directly to the Copy-
right Clearance Center, 21 Congress Street, Salem, MA 01970.
This consent does not extend to other kinds of copying, such as
copying for general distribution, for advertising or promotional
purposes, for creating new collected works, or for resale.

123456789 0CL CL MV 9 9 93 92 91

Library of Congress Cataloging-in-Publication Data
Principles and practice of visual electrophysiology / [edited by]
John R. Heckenlively, Geoffrey B. Arden.
p- cm.
Includes bibliographical references.
Includes index.
ISBN 0-8151-4290-0
1. Electroretinography. 2. Electrooculography. 3. Visual
evoked response. 1. Heckenlively, John R. II. Arden,
Geoffrey B. (Geoffrey Bernard)
[DNLM: 1. Electrooculography. 2. Electrophysiology.
3. Electroretinography. 4. Evoked Potentials,
Visual. 5. Vision
Disorders— physiopathology. WW 270 P957]

RE79.E4P75 1991 91-13378
617.7 1547 —dc20 CIP
DNLM/DLC

for Library of Congress




Vitamin A Deficiency

Ronald E. Carr

Night blindness due to vitamin A deficiency has
been recognized since ancient Egyptian times, and
of the many systemic complications of vitamin A de-
ficiency, the retinal reaction to low vitamin A levels
is the best understood. A brief discussion of the me-
tabolism of vitamin A follows to more clearly under-
stand these problems. Vitamin A is transported
across the intestinal mucosa and is bound to lipopro-
tein molecules and then transported and stored in
the liver as vitamin A ester. As the body needs vita-
min A, these esters are transported as vitamin A al-
cohol (retinol) to peripheral tissues, including the
retina, in conjunction with retinol-binding protein, a
transport protein manufactured by the endoplasmic
reticulum of the liver. In the retina, vitamin A alco-
hol is stored in the retinal pigment epithelium and
only can be utilized by the photoreceptors after con-
version to the aldehyde (retinal). This conversion
utilizes the zinc-dependant enzyme alcohol dehy-
drogenase. Retinal then combines with the protein
opsin in darkness to form rhodopsin, and if the ret-
ina is bleached by light, this complex breaks down,
and the aldehyde is again reduced to the alcohol.

With vitamin A deficiency, as shown in the rat,
after the initial stores of vitamin A in the liver and
blood have been exhausted, the level of rod visual
pigment (rhodopsin) also falls, and reciprocally, the
visual threshold rises, thus leading to night blind-
ness.*

The classic fundus picture of vitamin A defi-
ciency, first recognized in 1915, is that of scattered
multiple white or gray-white spots in the retina,

seen mainly in the periphery, with their diameter
being that of a retinal vein (Fig 100-1, Plate 22)."!
Such fundus changes are easily separable from other
“white-dot” retinal lesions by the finding of a low vi-
tamin A level and the clearing of these lesions with
normalization of vitamin A levels.

In recent years small-bowel bypass surgery has
been performed for morbid obesity and Crohn’s dis-
ease, and several reports have been forthcoming
that note the development of night blindness, usu-
ally several years after surgery.>'® In all cases
parenteral vitamin A has alleviated the symptoms.

Electroretinographic (ERG) findings consist of re-
duced rod and cone responses with normal implicit
times.” The abnormality of both photoreceptor sys-
tems is further borne out by the dark adaptation
curves, which show elevation of both rod and cone
segments. With psychophysical measurements of
dark adaptation, the more peripheral rods respond
more quickly than do the perifoveal rods.

Heckenlively (personal communication) has noted
in two of his patients with vitamin A deficiency sec-
ondary to malabsorption that the photopic and dark-
adapted bright-flash ERG waveforms are very simi-
lar in shape and timing, quite unlike the usual
situation where the dark-adapted bright-flash ERG
has larger a- and b-waves as compared with the
photopic ERG. Perlman et al. found a similar change
in his reported case (Fig 100-2).”

Kemp et al.® studied visual function and
rhodopsin levels in three subjects with vitamin A
deficiency secondary to primary biliary cirrhosis and
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FIG 100-1.

Fundus photograph of a 53-year-old woman with docu-
mented vitamin A deficiency from complications secondary
to bowel resection in Crohn's disease. Her barely record-
able ERG and night vision became normal after parenteral
vitamin A and E therapy. (Courtesy of John Heckenlively,
M.D.) (See also Color Plate 22.)
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FIG 100-2.

Crohn’s diseases by using two-color adaptometry
and fundus reflectometry. Employing green and red
targets to test rod and cone dark adaptation thresh-
olds before and after vitamin A supplementation,
the authors were able to correlate serum vitamin A
levels with cone and rod sensitivity (Fig 100-3).
Fundus reflectometry was used in one patient with
liver disease to measure rhodopsin levels before and
3 and 9 days after starting vitamin A supplementa-
tion; there was complete recovery to normal of
rhodopsin, which was correlated with the dark ad-
aptation testing (Fig 100-4).

Abnormalities in liver function have also been as-
sociated with vitamin A deficiency and night blind-
ness, possibly due to either abnormal synthesis of
retinol-binding protein, lowered serum zinc levels,
or simply impaired storage areas for vitamin A es-
ters. Diseases that illustrate these processes include
biliary cirrhosis,'? cystic fibrosis,® and chronic alco-
holism,® the latter presumably with alcoholic cirrho-
sis. White dots are rarely seen in these conditions
and, if present, tend to be more amorphous. Electro-
physiological and psychophysical studies in such pa-

ERGs of a normal subject (first column) and a patient with vitamin A malabsorption. The patient's ERG responses were mea-
sured at different dates before (second column) and after (third to fifth columns) therapy. The ERG responses were evoked by
single white flashes of different intensities during the light- (7st row) and dark-adapted states (second to fourth rows). The
intensity of the test light is given as the density of the neutral filter interposed in the light path. The upper tracing is from the left
eye and the lower from the right eye. The calibration mark equals 100 nV vertically and 25 ms horizontally. (From Periman I:

Br J Ophthalmol 1983; 67:38. Used by permission.)
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FIG 100-3.

Two-color dark adaptometry of a subject with vitamin A de-
ficiency: relative thresholds to the green (circles) and red
(crosses) stimuli. Measurements were made at a retinal ec-
centricity of 25 degrees along the horizontal meridian in the
nasal field and followed a white bleaching exposure that re-
moved virtually all visual pigment. A, results obtained on the
first test; B, data obtained when vitamin A supplementation
had led to partial recovery of visual function; C, data ob-
tained when systemic vitamin A levels were normal. (From
Kemp et al: Exp Eye Res 1988; 46:188. Used by permis-
sion.)

tients showed elevated rod and cone thresholds on
dark adaptation testing as well as reduced or unde-
tectable rod ERGs with reduced-amplitude cone
ERGs and normal implicit times. Full recovery was
obtained in virtually all patients following parenteral
or oral vitamin A supplements.

The syndrome of abetalipoproteinemia (Bassen-
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Kornzweig syndrome) is associated with steator-
rhea, acanthocytosis, a progressive neuromuscular
degeneration, and a generalized degeneration of the
retina.! In this disorder there is a low level of all fats
including the fat-soluble vitamins. The associated
absence or near-absence of lipoproteins, among
them the lipoproteins responsible for the transport
of vitamin A in the blood, is the metabolic abnormal-
ity responsible for the concomitant low serum levels
of this vitamin. Several studies have shown that
some patients given vitamin A with subsequent nor-
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FIG 100-4.

A, Recovery of rhodopsin in a subject with primary bilary cir-
rhosis and vitamin A deficiency following a full bleaching ex-
posure on days when serum levels were normal (filled cir-
cle), mildly abnormal (diamond), and more severely
abnormal (open circle). All double-density changes have
been normalized to the value obtained at 30 minutes (0 to
0.12 density units) on the day when the serum vitamin A
level was normal. Error bars are 1 SD. B, corresponding
dark adaptometry data for a green stimulus. (From Kemp et
al: Exp Eye Res 1988; 46:193. Used by permission.)
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malization of their vitamin A levels will show an im-
provement in both dark adaptation as well as the
ERG.> '° Bishara et al. suggested that vitamin E
should also be administered comcomitantly.?

In summary, from a clinical perspective, vitamin
A deficiency with subsequent night blindness can
occur from a number of diseases affecting different
metabolic sites; these include (1) reduced intake of
vitamin A and/or carotenoids such as in malnutri-
tion, (2) reduced intestinal absorption of vitamin A
such as follows intestinal bypass or resection sur-
gery, (3) defects in the transport of vitamin A as in
Bassen-Kornzweig syndrome, and (4) liver disease
that leads to abnormalities in the normal vitamin A
pathway due to reduced production of retinol-bind-
ing protein, reduced amounts of zinc, or reduced
storage areas for vitamin A esters.
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