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Ventilation-associated brain injury

We read the recently published review by Ziaka and
Exadaktylos with great enthusiasm. The authors sum-
marized the current knowledge regarding brain injury
associated with acute respiratory distress syndrome
(ARDS) extremely well [1]. They described the accepted
mechanisms by which ARDS might result in brain injury
and possibly acute and chronic cognitive impairment [1].
Among the mechanisms described were systemic inflam-
mation, hypoxemia, and adverse effects of mechanical
ventilation (MV) [1]. According to Ziaka and Exadakty-
los’s review, the interaction between the patient and the
ventilator might lead to brain injury due to individual sus-
ceptibility to the development of acute lung injury during
MYV [1]. The authors postulated that this is a consequence
of a disruption in the neural control of respiration and
immunological response due to lung injury associated
with ARDS [1]. The review stated that one possible cause
of brain injury due to ARDS is a disruption in the conver-
sion of the mechanical stimuli produced by the pulmo-
nary stretch receptors during MV, which in turn results
in an aberrant biological signal triggering brain injury [1].
The review also pointed out that systemic inflammation,
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blood-brain barrier leakage, and hypoxemia might con-
tribute to brain injury secondary to ARDS [1]. Regardless
of the mechanism that triggered brain injury the clinical
consequence is cognitive impairment, acute and chronic,
and delirium [1]. Although many lung-protective ven-
tilatory strategies, such as low tidal volume and PEEP
optimization, have been put in place to reduce systemic
inflammation and injury, ventilator-induced injury still
contributes to morbidity and mortality in this popula-
tion [1]. Ziaka and Exadaktylos propose that as MV and
ARDS are associated with brain injury, a neuroprotective
ventilatory strategy for patients with otherwise normal
brains is an area that needs further investigation [1].

Our group recently published results reporting that
lung-protective MV for 50 h, in a non-injured-lung pig
model, was associated with brain injury when compared
to a never-ventilated group [2]. We demonstrated that
animals that received protective ventilation (volume con-
trol, tidal volume 8 ml/kg, PEEP 5 cmH,0) developed
brain injury, and that combining a novel ventilatory strat-
egy utilizing transvenous diaphragm neurostimulation
(TTDN) with the same protective ventilation provided
neuroprotection [2]. This novel intervention utilizes a
central line catheter, embedded with electrodes, which
bilaterally stimulates the phrenic nerves to contract the
diaphragm in synchrony with the inspiratory phase of
MV [2-4]. In our study, TTDN settings targeted a reduc-
tion in the ventilator pressure—time product of 15-20%
[2-4]. To isolate MV as an independent variable, we
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studied pigs with non-injured lungs. Three experimen-
tal groups: MV only, MV+TTDN every other breath
(MV+TTDN50%), and MV+4TTDN every breath
(MV+TTDN100%), were mechanically ventilated, as
defined above, for 50 h. Never-ventilated subjects were
used as a control group. All three mechanically ventilated
groups received intravenous sedation per a standardized
protocol employing propofol, midazolam, ketamine, and
fentanyl [2—4]. There were no significant differences in
sedative drug doses between groups [2—4].

The TTDN-every-breath group showed levels of neu-
roinflammation as measured by hippocampal micro-
glia percentage that were statistically indistinguishable
from the never-ventilated group [4]. The group receiv-
ing MV-only showed considerably higher levels of
neuroinflammation compared to both groups receiv-
ing MV+TTDN [4]. Ziaka and Exadaktylos conclude
that systemic inflammatory cascades contribute sig-
nificantly to neuroinflammation and that protective MV
can mitigate this response [1]. In our study, systemic
inflammation was measured at study end. There was
no statistically significant difference between median
(IQR) serum concentrations of IL-13 [154 pg/ml (69—
458) MV; 100 pg/ml (18-136) MV +TTDN50%; 182
(115-264) MV +TTDN100%; p=0.138] or IL-6 [45 pg/
ml (25-216) MV; 18 pg/ml (0-216) MV + TTDN50%;
127 (78-180) MV +TTDNI100%; p=0.010] in the
mechanically ventilated groups. Systemic inflamma-
tion is not likely to be a significant cause of the differ-
ence in neuroprotection between the groups in our
study [3, 4]. Our study did demonstrate a moderate
correlation between mechanical power (a measure of
the energy delivered over time by the mechanical ven-
tilator) and hippocampal microglia percentage. Total
mechanical power was calculated as the area under
the curve using the formula MP=0.098*RR*VT*(PIP-
Y(driving pressure)).> Total study exposures to mechani-
cal power measured were, respectively [total area under
the curve (std. error)]: 560 J/min*hours (25) MV; 488 ]/
min*hours (22) MV+TTDN50%, 376 J/min*hours
(10) MV+TTDN100%. Microglia percentages found
were [median (interquartile range)]: 34% (32-40)
MV, 17% (12-23) MV +TTDN50%, and 10% (8-11)
MV +TTDN100%. Spearman correlation test showed a
positive, linear, and moderate correlation between hip-
pocampal microglia percentages and total study exposure
to mechanical power (r=0.49, p=0.03). These results
isolate MV itself as an important variable in the develop-
ment of neuroinflammation, and implicate mechanical
power as a key element in the occurrence of hippocampal
inflammation associated with MV.

Our group more recently investigated whether
TTDN would also promote the mitigation of
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ventilation-associated brain injury in a 12-h moder-
ate-ARDS preclinical model. ARDS was induced by
injecting oleic acid into the pulmonary artery [6]. Lung-
protective MV was delivered to three experimental
groups: MV only, MV + TTDN every other breath (50%),
and MV+TTDN every breath (100%), with ventila-
tor settings and TTDN, as defined above, delivered for
12 h [6]. Mechanical power at study-end and microglia
percentages were, respectively [median (IQR)]: 15 J/min
(13-17) and 18% (17-32) LI-MV; 11 J/min (10-14) and
13% (12-14), LI-MV + TTDN50%; 9 J/min (6-12) and
9% (8—10) LI-MV + TTDN100% [5, 6]. Spearman corre-
lation test again showed a positive, linear, and moderate
correlation between hippocampal microglia percentages
and mechanical power, r=0.55, p=0.02. These results
combined with the results from our 50-h non-injured
lung study support the hypothesis that there are alterna-
tive pathways of neuroprotection that are activated when
protective MV is combined with TTDN in a moderate
ARDS model.

This letter complements Ziaka and Exadaktylos’s
review by showing preclinical data from a novel venti-
latory neuroprotective intervention that might help to
mitigate ventilation-associated brain injury and ARDS-
associated brain injury. This work elucidates that venti-
lator energy transferred to lung tissue with or without
ARDS during MV plays an important role in this process.
More work is needed to identify the specific pathways
responsible for these results, as the question of whether
the findings reported here result from direct neural sig-
nals or circulating factors remains to be determined.
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