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To the Editor,

With great interest, we read the article by Leonhardt et al.
[1] describing diverse risk factors for developing secondary
sclerosing cholangitis (SSC) following severe Covid-19.
Although biliary injury in critically ill patients is most
likely multifactorial, the use of intravenous ketamine has
been suggested to potentially contribute to its pathophysi-
ology [2, 3]. In the present analysis use of ketamine was
significantly associated with later onset of SSC. The authors,
however, question the causality of ketamine in relation to
consequent cholestatic injury as the underlying biologi-
cal mechanisms for this remain unclear. They therefore
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speculate that this correlation might rather be due to further
unknown confounding factors.

The quest to uncover the causality between ketamine
and biliary injury is not much different from the original
undertaking of Bradford Hill and colleagues to uncover the
causal association between cigarette smoking and lung can-
cer brought forward by Hill in 1965 [4]. Given those prin-
ciples, not (yet) knowing the exact biological mechanism of
ketamine causing SSC, does not invalidate the causal rela-
tionship between ketamine and cholestatic liver injury itself.
In the words of Hill himself, “what is biologically plausible
depends upon the biological knowledge of the day”.

Key to postulate a causal effect resides instead in unrav-
elling a few, but critical links in the causal constellation
between exposure and outcome. Most importantly there are
no clear-cut rules or “sine qua non” requirements for cau-
sality; contrarily, causation is fundamentally interpretative.
However, in this case, we have evidence for the strength,
consistency, specificity, temporality, biological gradient,
epidemiological plausibility, coherence and reversibility of
the association between ketamine and cholestatic liver injury
and are merely missing a biological pathway (Fig. 1).

Focusing on a single aspect, a major determinant of cau-
sality not considered by the authors, is the dose—effect rela-
tionship of a drug, or as Paracelsus described it more than
450 years ago “Dosis sola facit venenum”. In fact, our group
has demonstrated in a retrospective cohort of COVID-19
ARDS patients, that intravenous use of ketamine was both
dose- and time-dependently associated with the onset of
significant cholestatic liver injury, which was not observed
for propofol or opioids [3]. Similarly, others showed a dose-
dependent association between ketamine and the overall
incidence of cholestatic injury in critically ill burn patients,
not seen for midazolam or sufentanil [5]. Importantly, the
legal restriction of ketamine use in France leads to a strong
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* Strong iation between i ine dose and
increase in biomarkers of cholestasis™ 2.

* Strong assosciation between the use of ketamine and an Strength
increase in the incidence of cholestatic liver injury™2.

« Consistency across different biomarkers of cholestasis:
Bilirubin, alkaline phosphatase, etc."2 a

« Consistency across cohorts of patients: COVID-19 ARDS'34, Consistency
burns ARDS?%, ketamine abusers®, long-term pain therapy’.

« Specific association to ketamine and not to other analgetic
or sedative agents'?.

« Specific pathophysiological response leading to cholestatic
liver injury’”. No reports of other hepatopathy forms.

Specificity

Fig. 1 Bradford Hill criteria for causation, and the available evidence
linking ketamine as an exposure to cholestatic liver injury as an out-
come. These criteria have to be understood as a framework to deduce

reduction in the incidence of cholestatic liver injury in criti-
cally ill burn patients [2, 5].

No one would negate the causative effect of cigarette
smoking on the inception of lung cancer nowadays, even
though no randomized evidence or clear biological pathway
existed at the time it was first described.

Although we cannot completely rule out other con-
founding factor(s) that may also cause SSC in critically ill
patients, fairly strong evidence does now exist for the long-
term, high-dose use of ketamine that should prompt us to
reassess its adequacy for critically ill patients. After all, if
we are wrong in deducing causation from associative data
in this case, no great harm will be done, as opposed to much
potential good.
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s C across bi of
Bilirubin, alkaline phosphatase, etc."2

« Coherence across analgetic and sedative agents: Only
Ketamine™2.

« Coherence across cohorts of patients: COVID-19 ARDS'#4,
burns ARDS?5, ketamine abusers®, long-term pain therapy’.

ic liver injury?

Coherence

Analogy

causality from association. However, the postulation of causality
remains a fundamentally interpretative task without clear-cut rules

« No drug with similar properties

were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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