
the brain and heart2. Lipid emulsions with lip-
id-soluble drugs are transported to the liver, 
muscle, and adipose tissues for detoxification, 
and storage2. The direct mechanisms include 
positive inotropic activity, increased fatty acid 
supply, suppression of mitochondrial dysfunc-
tion and nitric oxide release, phosphorylation of 
glycogen synthase kinase-3β, and reduction of 
reactive oxygen species production2. Adenosine 
triphosphate (ATP) administered before bupiva-
caine exposure reduced myocardial depressive 
effects, suggesting bupivacaine-induced cardiac 
toxicity may be associated with mitochondri-
al dysfunction4. Bupivacaine inhibits carnitine 
acylcarnitine translocase, impairing transport 
of long-chain fatty acids into the mitochondri-
al matrix and reducing ATP production through 
fatty acid β-oxidation5,6. In addition, bupivacaine 
induces complex I inhibition of the mitochondri-
al respiratory chain and uncoupling of oxidative 
phosphorylation, leading to decreased ATP pro-
duction7,8. However, lipid emulsions attenuate 
the bupivacaine-induced inhibition of carnitine 
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To the Editor,

I read with interest the pilot clinical trial “Effica-
cy of intravenous lipid emulsion as an adjunctive 
therapy for acute aluminum phosphide poisoning: 
a randomized, open-label, pilot clinical trial” re-
cently published in European Review for Medical 
and Pharmacological Sciences1. I thank the au-
thors for the valuable clinical trials. Lipid emul-
sions are routinely used to treat local anesthetic 
systemic toxicity2. In addition, lipid emulsions 
have been reported to alleviate cardiovascular 
depression induced by toxic doses of non-local 
anesthetic drugs with high lipid solubility [log (P = 
octanol/water partition coefficient) > 2]3. I would 
like to comment on the underlying mechanism of 
lipid emulsion treatment as an adjuvant drug for 
drug toxicity and sample size estimation in future 
formal randomized controlled trials. 

The underlying mechanism of lipid emulsion 
treatment as an adjuvant drug for drug toxicity 
involves indirect and direct effect2. Lipid shut-
tling, an indirect mechanism, states that lipid 
emulsions absorb lipid-soluble drugs (log P: > 2, 
for example: log P of bupivacaine = 3.41) from 
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acylcarnitine translocase9. Lipid emulsions at-
tenuate bupivacaine-induced cardiotoxicity by 
inhibiting reactive oxygen species production 
and mitochondrial dysfunction9,10. Aluminum 
phosphide reacts with moisture to release phos-
phine gas; therefore, its log P is not applicable11. 
In addition, log P of phosphine gas is −0.1, which 
is hydrophilic12. Phosphine gas, which is released 
from aluminum phosphide in the gastrointesti-
nal tract, induces mitochondrial cytochrome C 
oxidase inhibition, formation of highly reactive 
hydroxyl radicals, and oxidative stress, leading to 
cardiac arrhythmia, intractable shock, and acido-
sis, similar to cardiac mitochondrial dysfunction 
caused by bupivacaine toxicity5,7,8,11. Thus, con-
sidering the hydrophilicity of phosphine gas (log 
P: −0.1), the direct effects of lipid emulsion—such 
as attenuation of phosphine-induced mitochon-
drial dysfunction and oxidative stress—may play 
a greater role in recovery from aluminum phos-
phide poisoning than the indirect “lipid shuttle” 
mechanism associated with lipid solubility. 

The authors reported the relative risk of the 
primary outcome was 0.493 (95% confidence in-
terval: 0.335-0.725)1. However, the relative risk 
based on the obtained data was 0.369 (95% confi-
dence interval: 0.211-0.649).

No formal sample size or power calculations 
were performed before this randomized open-label 
pilot study. Based on the observed mortality rates 
(control group, 62%; lipid emulsion group, 22.9%), an 
exploratory sample size estimation was performed 
using a two-proportion Z-test to inform the future 
randomized controlled trial design. Assuming a 
two-sided α of 0.05, a power of 80%, a 1:1 allocation 
ratio, and a 10% dropout rate, the estimated sample 
size was approximately 27 patients per group. Giv-
en that pilot studies may overestimate treatment 
effects due to small sample sizes, a conservative 
effect size was assumed for planning future ran-
domized controlled trials. If the mortality rate in the 
lipid emulsion group was 42%, corresponding to an 
20% absolute mortality reduction compared to the 
control group in aluminum phosphide poisoning, 
the required sample size would be approximately 
107 patients per group. These calculations should 
be interpreted cautiously as pilot studies are not de-
signed for precise effect estimates. 

Considering the above findings, a future mul-
ticenter randomized controlled trial is required to 
evaluate the effect of lipid emulsions on alumi-
num phosphide poisoning and confirm the results 
of this pilot study. 
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