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lesions (nerve root demyelination and Wallerian degen- 
eration) were observed in all groups:  However, others 
have studied the neurotoxicity of  intrathecal midazo- 
lam. 4,s We first observed a high incidence of  lesions in 
rabbits, 4 and our findings were confirmed by Svensson 
et aL, who characterised the nature of  the toxicity, s It is 
not possible to promote intrathecal midazolam in man 
since neurotoxicity has been reported in rabbits 4 and in 
rats:  Even if neurotoxicity of  epidurally administered 
drug is attenuated, we must keep in mind that the risk 
of  unintended intrathecal injection of  epidurally admin- 
istered agent is not  negligible. 

Jean-Marc Malinovsky MD 
Nantes, France 
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R E P L Y  
We are pleased to respond to Malinovsky's criticism of our 
study. 1 We have just completed a neurotoxicity study on 
intrathecal midazolam in the same animal model which 
awaits acceptance for publication. We examined whether 
midazolam injected intrathecally, alone or combined 
with fentanyl, on 15 occasions over one month produced 
neurotoxic injury as judged by the animal's neurological 
behaviour and by histological examination, by light 
microscopy, of the excised spinal cord and paraspinal tis- 
sues on sacrifice after five weeks. The white matter showed 
a spongiose appearance, but no evidence ofdemyelination. 
The neurones of both the anterior and posterior horns of 

grey matter showed cytoplasmic vacuolation of varying 
degree, but no differences in these changes were observed 
among groups that received midazolam alone, midazo- 
lain plus fentanyl, and those given intratheal lidocaine 
alone or fentanyl alone. After each inwathecal injection 

all animals recovered fully and remained awake, mobile 
and ate and drank normally. They continued to do so 
until the end of the study five weeks later. 

The sophisticated neurotoxicity studies by Malinovsky et 
al. 2 and by Svenson et al. s employing morphometric and 
ultrastructural endpoints after chronic subarachnoid 
midazolam injection, showed subtle changes in the mida- 
zolam group of animals, compared with those who received 
saline or lidocaine. None of the animals presented obvious 
neurological impairment or behavioural disturbances. 

We fully endorse Yaksh's admonition that it is neces- 
sary to rule out potential neurotoxic effects of novel drug 
combinations in laboratory animals before administer- 
ing such combinations to patients. 4 

M. Bahar MD, 

M. Cohen MB CHB, 

Y. Grinshpon MD, 
M. Chanimov MD 
Zerifin, Israel 
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Protamine and its cardiovascular effects 

To the Editor: 
Backman, Gilron and Robbins' case report  makes for 
interesting observation, l They rightly discount the 
me chatfism of  acute cardiovascular events following 
protamine injection as due to a vaso-vagal reaction via 
reinnervation but, rather, suggest the possible causes 
as reflex decrease in sympathetic output  secondary to 
stimulation o f  mechano-receptors, reduced sino-atrial 
node perfusion, or possible cardiac ischaemia. 

Although the cause of  the well reported cardiovas- 
cular events are uncertain, animal models have indi- 
cated possible mechanisms o f  action. Protamine has 
been shown to interfere with mitochondrial respira- 
tion in vitro 2 and, in dogs, reduces in vivo oxygen 


