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Editor—Opioid-induced respiratory depression (OIRD) is a
serious complication of opioid use. It is related to activation of
n-opioid receptors, expressed on neurones in brainstem res-
piratory networks.! Reversal of OIRD by naloxone restores
breathing activity but drawbacks include difficulty in
reversing high-affinity or high-dose opioids, short duration of
action, pain and withdrawal symptoms, and inability to
reverse non-opioid-induced respiratory depression.! Hence,

there is an unmet need for respiratory stimulants that will
reverse respiratory depression from any drug without these
drawbacks. One possible strategy is treatment of OIRD with
the hypothalamic hormone thyrotropin-releasing hormone
(TRH).>® TRH is widely distributed throughout the neuraxis
and apart from effects within the hypothalamic—hypophysial
neuroendocrine system, it has functions within the limbic/
cortical and brainstem/midbrain systems.”” TRH acts by
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binding to the G protein-coupled receptors, TRHR1 and
TRHR2.>® TRHR2 modulates non-endocrine functions such as
the antiepileptic and respiratory effects of TRH.*°

TRH has a short half-life and is hydrophilic, impairing its
ability to cross the blood—brain barrier. In contrast, the TRH
analogue taltirelin has improved therapeutic selectivity, is
more potent than TRH, and has a longer duration of action.”>
Early animal studies show that TRH and its analogues stimu-
late breathing via a direct effect at the pre-Botzinger complex,
an important respiratory rhythm generator within the brain-
stem respiratory network.” In rodents, TRH and taltirelin
improve morphine- and sufentanil-induced respiratory
depression by inducing rapid but shallow breathing.>> Here we
present new data on the ability of TRH and taltireline to
reverse OIRD in rodents and humans.

First, using the methods of Weinger and colleagues,® and
as approved by the Massachusetts General Hospital Institu-
tional Animal Care and Use Committee, we studied we
studied the effect of taltirelin 1 mg kg™! i.v., dexmedetomi-
dine 30 pg kg ! i.v., and saline 1 ml kg™! i.m. on the m.
gastrocnemius EMG in 27 awake restrained rats after sufen-
tanil 10 pg kg * i.v. Filtering and sampling were at 128 Hz as
described in the work of Weinger and colleagues.® Sufentanil
increased EMG activity that was subsequently reduced by the
ap-adrenergic receptor agonist dexmedetomidine but not by
taltirelin (Fig 1); in fact, taltirelin seemed to increase EMG
activity. Enhanced EMG activity from opioids is a known ef-
fect in animals and humans (i.e. the rigid cage syndrome),
and is reversed by naloxone (Fig 1). Muscle rigidity from
opioids is a further cause of respiratory impairment in addi-
tion to the effect on the brainstem. Non-opioid interventions
that reduce muscle tone improve ventilation and gas ex-
change by improving tidal volume and reducing ventilation/
perfusion mismatch.® Apart from dexmedetomidine, volatile
anaesthetics and the a4-adrenergic receptor agonist prazosin
reduce opioid-enhanced muscle tone and consequently
improve the ability of respiratory stimulants such as taltirelin
to reverse OIRD.*®

Next, we investigated the respiratory effect of a continuous
TRH infusion in six healthy male and female volunteers. Ex-
periments were performed at isohypercapnia with resting
ventilation increased to 20 L min~?. After ethics approval (trial
registration NL6966, www.trialregister.nl) and written
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informed consent was obtained, participants received a
continuous remifentanil infusion (target plasma concentra-
tion 1.2 ng ml™Y) such that isohypercapnic ventilation was
reduced by 50%. With steady-state ventilation, dose-escalating
continuous TRH infusions i.v. were given. The first subject
started with a total dose of 0.8 mg given over 60 min (initial
bolus dose of 0.2 mg followed by infusion of 0.2 mg over 30
min, repeated once). As no respiratory effect was observed, the
dose was increased to 1.6 mg (bolus 0.4 mg followed by infu-
sion of 0.4 mg over 30 min, repeated once), 3.2 mg (0.8 mg/0.8
mg, repeated once), 4.8 mg (1.2 mg/1.2 mg, repeated once), 8
mg (2 mg/2 mg, repeated once), and 4 mg (2 mg/2 mg, not
repeated because of futility) in subsequent subjects. In addi-
tion, three subjects received normal saline instead of TRH on a
different study visit. None of the subjects showed any sign of
consistent reversal of OIRD from remifentanil. This stands in
contrast to ketamine, which showed a dose-dependent return
towards baseline ventilation in the same human model of
OIRD.’ One concern is that the TRH dose was too low, but it
was 20-fold higher than the dose used in earlier human
studies that showed a significant, albeit modest, effect from
0.4 mg i.v. TRH on breathing when no opioids were adminis-
tered.'” We contend that the infusions of TRH reached central
sites as all participating subjects experienced adverse effects
such as headache, nausea, warm or cold feeling, and rest-
lessness. We refrained from using higher TRH doses to prevent
worse adverse effects or development of endocrinological ef-
fects. Moreover, pricing of the TRH was such that we higher
doses were overly expensive (~£800/US$1000 for an 8 mg dose)
and thus represent an uneconomical treatment of OIRD.
Although earlier animal data showed that TRH is able to
overcome OIRD by restoration of rhythmic activity within the
pre-Bétzinger complex,”® we observed, in agreement with
earlier statements,’ that TRH is ineffective in humans over the
dose range tested. This may be related to species differences,
such as differences in receptor activation. In rodents, TRHR? is
selectively involved in respiratory stimulation by TRH; in
humans, TRHR1 — but not TRHR2 — has been identified in the
central nervous system.® An attractive alternative to TRH may
be the TRH-analogue taltireline, which is more potent. How-
ever, data on taltirelin reversal of OIRD in awake and anaes-
thetised rodents show that taltirelin is associated with rapid
shallow breathing with resultant abnormalities in blood gases
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Fig 1. Effects of 1 mg kg™ taltirelin i.v. (a, n=10), 1 mg kg™ ! saline i.m. (b, n =7), and 30 ug kg * dexmedetomidine i.v. (c, n = 10) on nor-
malised m. gastrocnemius EMG in awake restrained rats after 10 ug kg~* sufentanil i.v. At t=60 min, 1 mg kg~* naloxone i.v. was injected.
Sufentanil increased EMG activity, which was not reduced by taltirelin. Dexmedetomidine reduced EMG activity to pre-sufentanil baseline

values. Data are mean (standard deviation).
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and lactic acidosis.>® We observed that taltirelin does not
ameliorate but possibly even enhances muscle rigidity from
opioids in the rat. In conclusion, our results indicate that TRH
is not a viable reversal agent of OIRD in humans; no conclu-
sions can be drawn on taltirelin as human studies are un-
available. We propose future human studies using taltirelin
possibly in combination with low-dose naloxone with the
hypothesis that this combination will produce effective and
long-term reversal of OIRD.
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Editor—Invasive arterial pressure monitoring is common
practice in high-risk surgical and critically ill patients.
Underdamping or excessive resonance of the arterial pressure
waveform has been reported in up to one-third of cases.’?
Pulse wave analysis is increasingly used for stroke volume
and cardiac output (CO) monitoring, in particular in the
perioperative period.® Pulse wave analysis algorithms rely on

the arterial pressure waveform to compute CO.* Thus, they
are susceptible to the underdamping phenomena.**
Underdamping can be corrected by adding a mechanical
resonance filter (m-filter) between the arterial catheter and the
pressure transducer.® Recently, a dynamic electronic filter (e-
filter) has been approved for medical use which is part of a pulse
wave analysis monitoring system (MostCare-Up, Vygon, Ecouen,
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