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Abstract. The author examined the effect of etomidate-anaesthesia of one 
hour duration on the ultrastructure of the retina in animal experiments. 
Immediately after the exposure only the Mtiller's cells were moderately dam- 
aged. One day following the narcosis more serious pathological changes 
developed in the external nuclear layer which were partly irreversible. The 
changes found in the internal nuclear layer were less serious. The structure 
of the glial cells also altered. In the specimens taken 48 h following the 
anaesthesia the pathological changes of the neurons regressed to some degree, 
the Mtiller's cells reorganised and masses of glycogen accumulated in them. 
Further studies are needed to explain the eventual retinal toxic effect of 
this agent. 

Zusammenfassung. Die vorliegende Arbeit untersucht den EinfluB einer Eto- 
midate (Hypnomidate | auf die Ultrastruktur der Retina im Tier- 
experiment. 

Unmittelbar nach der Exposition gegeniiber Etomidate lassen sich nut 
m/il3ige Sch/idigungen in den Mfillerschen Zellen nachweisen. Einen Tag 
nach der Narkose finden sich deutlich ausgeprfigtere pathologische Verfinde- 
rungen in der/iul3eren nuklefiren Schicht, die teilweise irreversibel waren. 
Die in der inneren nuklefiren Schicht gefundenen Ver~inderungen waren weni- 
ger ausgeprfigt. Zus~itzlich fanden sich auch Verfinderungen in der Gliazell- 
struktur. In den Gewebsproben, die 48 Std nach der Narkose pr/ipariert 
wurden, waren die Ver/inderungen in den Neuronen teilweise wieder zurfick- 
gebildet und die Mtillerschen Zellen reorganisiert mit deutlichen Ansammlun- 
gen von Glykogen-Granula in den Mfillerschen Zellen. Weitere Studien sind 
notwendig, um den mSglichen toxischen Effekt von Etomidate auf die Retina 
zu untersuchen. 

Introduction 

Hypoxic cortical damage may be the cause of the side effects of some drugs 
including some anaesthetic agents. In previous studies characteristic retinal 
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changes brought about by hypoxia as well as by ketamine anaesthesia were 
found [2, 11, 12]. Following the studies of ketamine and Althesin anaesthesia, 
this paper deals with the retinal effect of another barbiturate-free agent - etomi- 
date. 

Materials and Methods 

Pigmented rabbits of 1,500-3,000 g body weight were used for the experiments. Narcosis was 
induced without premedication by injecting 2 mg/kg body weight of etomidate (Hypnomidate, 
Janssen) into the marginal ear vein. 

The narcosis was maintained 1 h with repeated doses. In the first group of animals one of 
the eyes was removed by 5 min of anaesthesia; these eyes served as controls. The other eye was 
removed after 60 min of anaesthesia. In the other group, one eye was removed after anaesthesia 
of 60 min duration, and the other eye 20-48 h following anaesthesia, respectively. 

Specimens of the central and peripheral parts of the retinas were taken for examination (1-mm 3 
pieces) and fixed in 2% osmium tetroxide. After dehydration the material was embedded in araldite, 
contrasted in uranyl acetate, and sectioned on a Reicherffs ultramicrotome. The sections were 
examined and photographed by a JEM 7A electron microscope. 

Results 

The structure of the control eyes enucleated by 5 rain of anaesthesia was intact 
and corresponded to the well-known appearance of the normal rabbit retina. 
The Mtiller's cells contained glycogen, a phenomenon common during natural 
sleep (Fig. 1). 

The neurons of the retinas removed after 60 min of anaesthesia were not 
remarkably damaged. The photoreceptors, bipolar, and ganglion cells equally 
exhibited a normal structure. The synapses showed no alterations in either 
the external or internal plexiform layers. The glycogen seen in the control 
retinas disappeared, however; the structure of the smooth surfaced endoplasmic 
reticulum became loosened, and the density of the vesicles decreased. Some 
larger vacuoles could be identified in some places (Figs. 2 and 3). 

By h 20 following anaesthesia, the neurons of the retina exhibited noticeable 
pathological changes. The outer and inner segments of the photoreceptors 
seemed to remain intact but perinuclear cisterns developed around their nuclei. 
In the external nuclear layer pyknotic nuclei were often observed. Perinuclear 
cisterns also occurred around the nuclei of the bipolar, horizontal, and Mtiller's 
cells. In the inner layers these changes could not be observed. The structure 
of the ganglion cells seemed to be normal, and the inner plexiform and nerve 
fibre layers were also intact. Glycogen was not seen in the Miiller's cells and 
instead of the normal vesicular system of the endoplasmic reticulum, masses- 
appeared made up partly of huge vacuoles and partly of filaments. 

By the h 48 following anaesthesia, the smaller or bigger perinuclear cisterns 
around the nuclei of the photoreceptors had not yet disappeared. The amount 
of pyknotic nuclei was similar to that seen at the 20 h interval following anaesthe- 
sia. The changes in the inner nuclear layers had almost regressed, small perinucle- 
ar cisterns being only occasionally apparent. The ganglion cells and the plexiform 
layers were intact. In most of  the Miiller's cells the usual system of endoplasmic 
reticulum became reorganised, although in some places the vacuoles and in 



Fig. 1. Area of the retina at the border of  the inner nuclear and inner plexiform layer at rain 5 
of  anaesthesia, x 19,200. N nucleus of the photoreceptor;  Sy synapsis; M Mfiller's cell process; 
Gl Glycogen 

Fig. 2. The external nuclear layer after 60 min of anaesthesia, x 7,000. N nucleus of the photorecep- 
tor; KR external plexiform layer; Sy Synapsis; R inner segment of  the photoreceptor 's  process; 
M Mfiller's cell 



Fig. 3. Area of the inner plexiform layer and a ganglion cell after 60 min of anaesthesia, x 8,000. 
GN nucleus of the ganglion cell; BR inner plexiform layer; IR nerve fibres; M Mfiller's cell 

Fig. 4. Structure of the retina by h 20 following anaesthesia, x 4,300. N nucleus of the photoreceptor;  
P N  pycnotic nuclei; H horizontal cell; B bipolar cell; KR external plexiform layer; BR internal 
plexiform layer; M Miiller's cell; ~ perinuclear cisterns 



Etomidate Induced Retinal Changes 197 

Fig. 5. Photoreceptor cells by h 48 following anaesthesia, x 8,000. N nucleus of the photoreceptor; 
R inner segment of the photoreceptor process; pc perinuclear cistern; M M~ller's ceil; Gl glycogen 

others the filamentous structure were still noticeable. Glycogen accumulated 
in great masses in the Mfiller's cell processes, primarily at the height of the 
external nuclear and the external plexiform layers (Fig. 5). 

Discussion 

According to these investigations, no pathological changes of the retinal neurons 
could be detected immediately after etomidate anaesthesia of 60-rain duration; 
only the structure of the Mfiller's cells was altered. One day following the 
anaesthesia, however, perinuclear cisterns and pyknotic changes developed in 
the nuclei of  the photoreceptors, while the processes of the cells remained 
intact. The cells of the inner nuclear layer were vacuolised, too; nevertheless, 
the nuclei were not pyknotic. Neither the ganglion cells nor the plexiform 
and nerve fibre layers showed any alterations. At this time glycogen could 
not be seen in the Mfiller's cells and the structural cellular damage persisted. 
Two days following anaesthesia restitution of the damaged cells began. This 
was also true for the endoplasmic reticular system of the Mfiller's cells whose 
processes showed signs of increased glycogen accumulation at the height of 
the external nuclear and external plexiform layers. 
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In previous studies with ketamine anaesthesia, the neurons exhibited distinct, 
but transitory pathological changes following narcosis of 60-min duration. These 
changes corresponded to the formerly described hypoxic findings in the retina 
[27]. Each of the nuclear layers developed pathological alterations, besides dam- 
age to the processes of the photoreceptor cells. The Mtiller's cells were also 
more severely damaged. Three days following anaesthesia the changes almost 
entirely regressed and glycogen accumulated in great masses in every part of 
the M/iller's cells. 

Althesin, a steroid anaesthetic, did not induce alterations in the fine structure 
of the retina, the only abnormality being a great quantity of glycogen which 
was taken as a physiological sign of sleeping [3]. 

Vacuoles in the inner segment of the photoreceptor processes, perinuclear 
cisterns in the nuclear layers, condensation of the chromatin, pyknosis of the 
nuclei, and diminution of the glycogen content of the M/iller's cells are character- 
istics of retinal hypoxia [11, 12, 17, 18, 19, 27, 38, 39, 40, 41, 42]. Oxygen 
and simultaneous glucose deprivation cause damage to the mitochondria, the 
Golgi-apparatus, the rough-surfaced endoplasmic reticulum as well as to the 
synapses [41]. Oxygen deprivation played the decisive role in this process, because 
glucose deprivation alone did not seem to be noxious. 

The toxic alterations in the retina are manifest as swelling of the mitochon- 
dria, pyknosis of the nuclear layers, vacuolisation, development of inclusion 
bodies, disintegration of the vesicular structure of the Mtiller's cells, emptying 
of the glycogen, appearance of fibrils and distension of the Golgi-apparatus. 
Naturally, the entire spectrum of this damage may not always occur with differ- 
ent toxic agents [5, 14, 24, 27, 31, 32, 37, 43]. Glycogen accumulation might 
be taken as a sign of late toxic damage to the retina. Some of the drugs 
may cause destruction of all three neurons, while some of them cause isolated 
destruction of the glial cells [14, 34]. Destruction of the Miiller's cells induces 
decay of the neurons in the course of time because of the lack of glial nutritive 
function. 

In the case of etomidate anaesthesia pathological changes of the glial cells 
were found in the early phase of narcosis. Later on, alterations of the neurons 
developed which were mostly reversible, the damage to the inner nuclear layer 
certainly being reversible. The drug did not induce intraocular pressure elevation 
either under experimental or clinical conditions [4, 10, 29, 30, 33]; thus, this 
could be ruled out as a factor leading to ischaemia of the tissue. Changes 
in the systemic circulation during anaesthesia were also insignificant and, there- 
fore, diminution of blood flow could also be excluded [4, 6, 8, 9, 13, 15, 
22, 23, 36]. According to EEG examinations (Kugler et al.) [25, 26], etomidate 
belongs to the group of telencephalic hypnotics which do not influence the 
myelencephalic respiratory and circulatory centres. Burchardi [7] could not show 
any effect on the respiratory mechanics. Blood-gas results varied during its 
application, some authors observing hypoxia and some hypercapnia, but the 
two changes never occurred simultaneously [8, 13, 15, 16, 28] and Doenicke 
[9] could not show any blood-gas changes. According to the investigations 
of Renou et al. [35] the drug does not influence cerebral autoregulation, and 
several studies showed that there is no increase in oxygen utilisation [22, 23, 



Etomidate Induced Retinal Changes 199 

36]. Since changes in b lood gases influence intraocular  pressure to a lesser 
degree than cerebral b lood flow, it is reasonable to exclude the causal effect 
o f  d iminut ion o f  flow due to changes in respiration. One o f  the most  outs tanding 
signs o f  hypoxic  retinal damage is the changes o f  the mi tochondr ia  which is 
easily seen in the outer  segment o f  the photoreceptors .  This p h e n o m e n o n  was 
never observed in e tomidate  anaesthesia. Fur thermore ,  pathological  changes 
were never seen in the immediate  stages o f  narcosis;  thus it can be suggested 
that  the retinal changes in etomidate anaesthesia were not  hypoxic in origin. 

Jost  et al. [21] studied cerebral glycolysis, the activity of  the respiratory 
chain, and changes o f  metaboli te concentra t ions  under  the influence o f  anaesthet-  
ics, including etomidate.  They found that  glycolysis was diminished, which 
meant  a decrease in oxygen utilisation as well. I f  parallelism between cerebral 
and retinal metabol ism is suggested, the former  events might  take also place 
in the retina. The results o f  the experiments with Althesin [3] would fit more  
easily into the concept  o f  the cerebral and perhaps retinal metabolism-decreasing 
effect o f  anaesthetics, a l though there is no data on the cerebral effects o f  Althesin 
in the literature. The decrease in glycogen content  following etomidate  anaesthe- 
sia, however,  argues against this metabolism-decreasing effect, it being more  
likely that  the changes were caused by an independent  retinotoxic mechanism. 
This view is supported by the observat ion that  the pathological  changes appeared 
one day following exposure. Also, the experiences o f  Oji and Holdcrof t  [30] 
suggest a new mechanism which is not,  as yet elucidated. The authors  were 
able to show that  locally applied etomidate  induced a decrease in intraocular  
pressure which persisted for as long as one week after the withdrawal  o f  the 
drug. 

The results o f  this study necessitate further studies o f  e tomidate  to elucidate 
the mechanism of  the retinal damage.  Fur ther  studies might  also show whether 
the same deleterious effect was related to dose and/or  dura t ion o f  anaesthesia. 
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