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blood and not in LBV blood. These patients likely experi-

enced tissue hypoperfusion because DSOFA effectively re-

flects the degree of organ dysfunction over time.7

Hypothetically, differences between PA and LBV blood

might reveal renal and splanchnic hypoperfusion. Ho and

colleagues8 reported a negative correlation between the

cardiac output and SO2 difference between central and

mixed venous blood in patients affected by circulatory fail-

ure. However, PCO2 and SO2 of the LBV mainly reflect cerebral

blood flow, with the brain receiving 20% of the cardiac

output while the entire compartment drained by the SVC

receives 35%. PCO2 and SO2 values of LBV blood were less

affected by moderate low cardiac output states, which do

not seriously impair cerebral perfusion.9,10

The main limitations of this study were the inability to

measure PCO2 and SO2 in the inferior vena cava and coronary

sinus, and the assumption that PCO2 and SO2 values were equal

in left and right brachiocephalic veins.

In conclusion, CVC blood should be collected from the

right atrium to provide information on the whole-body

perfusion, including renal and splanchnic areas. Further

studies are needed to investigate whether any useful infor-

mation can be obtained by analysing LBV blood and, in

general, SVC blood, which may be mainly representative of

cerebral perfusion.
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1
EditordNeuraxial administration of opioids consistently

evokes clinical pruritus, which is reported in nearly half of

obstetric patients who receive neuraxial opioids for labour or
Caesarean delivery anaesthesia and analgesia. Historically,

pruritus has been assumed to result from a direct effect of

opioids within the neuraxis; in particular, it has been
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proposed that neurones in the spinal cord dorsal horn are

responsible for mediating opioid-induced pruritus.2,3 Only

recently have advancements in mouse genetic models

allowed for the selective manipulation of distinct spinal

circuits to finally interrogate their role in the context of

opioid-induced itch behaviours. These mechanistic studies

in rodents have contributed significant, new insights to the

neural circuitry of somatosensation and mechanisms for

opioid-induced itch.

Previous views suggested that opioids elicit itch through

the suppression of pain. This was supported by the finding

that nociceptive stimuli inhibit neuronal responses to itch-

evoking agents.4 However, the idea that opioid-induced pru-

ritus arises as a result of the inhibition of pain was challenged

by Liu and colleagues5. Using targeted knockdown studies to

investigate the differential contributions of distinct splice

isoforms of the mu opioid receptor (MOR), they showed that

opioids drive itch through a process independent of analgesia.

In particular, small interfering RNA knockdown of the MOR1

isoform revealed that this isoform is required for morphine-

induced analgesia, but not morphine-induced itch.5 In ani-

mals in which the MOR1 gene is disrupted, the analgesic ef-

fects of morphine are lost, but scratching persists, suggesting

that morphine-induced itch occurs through an active process

that is separate from pain.

For nearly a decade, this study by Liu and colleagues5 also

appeared to settle the question of how morphine elicits itch.

The authors suggested that neuraxial morphine causes itch

through activation of excitatory spinal neurones that promote

itch. They proposed that morphine-induced itch could be

driven by glutamatergic spinal neurones expressing both the

MOR1D isoform and the gastrin-releasing peptide receptor

(GRPR). In mice lacking GRPR, morphine-induced itch was

significantly attenuated; furthermore, intrathecal morphine-

induced itch was inhibited when morphine was co-

administered with a GRPR antagonist. Lastly, it was argued

that neuraxial morphine induced heterodimerisation of

MOR1D with GRPR, activating the PLCb3 and IP3R3 pathway,

thereby resulting in itch. However, these conclusions are

considered controversial for two main reasons. First, recent

molecular sequencing studies have revealed a lack of overlap

between GRPR and MOR expression in spinal neurones.6 Sec-

ondly, mechanistically, binding of morphine to the MOR

generally causes hyperpolarisation, rather than activation, of

neurones. Thus, the idea that opioids cause itch through
Fig 1. Spinal mechanism of neuraxial opioid-induced pruritus. Neurax

hibition in the dorsal horn of the spinal cord. Morphine inhibits GABA

has a permissive effect on excitatory neurones expressing the gastrin-
heterodimerisation of MOR and GRPR in excitatory spinal

neurons remains contested.

A recent study by Wang and colleagues,7 suggested that

opioids cause itch through a mechanism of neuronal disinhi-

bition (Fig. 1). Selective knockdown of theMOR from inhibitory

(GABAergic) neurones abolished opioid-induced itch in a

mouse model.7 These striking behavioural findings in Wang

and colleagues7 emphasise the role of inhibitory neurones in

the spinal cord as the crucial mediators of opioid-induced itch.

Electrophysiological recordings from individual inhibitory

neurones in the presence of a mu agonist are consistent with

the canonical view that opioids typically signal through Gai-
coupled G-protein-coupled receptors to inhibit neuronal ac-

tivity, and, in contrast to the mechanism proposed by Liu and

colleagues,5 provide support for how spinal disinhibition could

be responsible for neuraxial opioid-induced itch.8

Wang and colleagues7 also determined that the expression

of MOR on TRPV1 in somatostatin sensory neurones, which are

thought to be involved in itch signalling, is not involved in

morphine-induced itch. This further implicates the specific

role of spinal neurones, rather than sensory fibres, as the

crucial mediators of opioid-induced itch. Wang and col-

leagues7 also uncovered a potential circuit for opioid-induced

itch in a series of detailed pharmacological studies. Adminis-

tration of neuropeptide Y (NPY) reduces morphine-induced

itch, supporting the role of NPY neurones in the inhibition of

itch.9 Chemical ablation of GRPR neurones eliminated

morphine-induced itch, which supports the findings of Liu and

colleagues5 by proposing that morphine acts on downstream

pathways involving GRPR neurons to signal itch. However, the

circuit now proposed by Wang and colleagues7 suggests that

MOR and GRPR neurones comprise two distinct neuronal

populations. Reconciling the existing evidence reported by Liu

and colleagues5 and Wang and colleagues,7 it can be

concluded that morphine inhibits a subpopulation of itch-

inhibiting (GABAergic) spinal neurones, leading to the down-

stream disinhibition of GRPR excitatory neurones (Fig. 1).

The work of both Liu and colleagues5 and Wang and col-

leagues7 has provided key insights into the neuronal basis for

opioid-induced itch. Future work that accounts for genetic

polymorphisms of the MOR may guide the development and

targeting of opioid analgesics that treat pain, but do not cause

itch. Nearly 20 splice variants of the MOR have been identified

in humans, which may explain the varied effects of opioid

medications on patient self-reported measures of opioid
ial morphine elicits itch through a mechanism of neuronal disin-

ergic neurons upon binding to the mu opioid receptor (MOR). This

releasing peptide receptor (GRPR), thereby evoking itch.
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analgesia and opioid-related side effects.10 The studies con-

ducted by Liu and colleagues5 have paved a roadmap by which

to test the differential contributions of MOR isoforms on

analgesia and pruritus. Although it is not clear whether the

MOR1D isoform identified by Liu and colleagues5 may be

involved in pruritus in humans, the ability to identify and test

distinct isoforms of the MOR in mice now presents unique

opportunities to uncover novel analgesic treatments that do

not evoke pruritus in future clinical and translational studies.
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