Detrimental factors during positive-pressure ventilation:
pressure, flow, and/or volume?

Dear Editor,

During positive pressure ventilation a peak inspiratory pres-
sure >50-60 cm H,O may result in barotrauma [1]. Animal
experiments have demonstrated that even a peak inspira-
tory pressure >30-40 cm H,O may cause pulmonary inter-
stitial edema, elevated vascular permeability and inflamma-
tion, a picture that resembles acute lung injury (ALI) or
its more severe form, acute respiratory distress syndrome
(ARDS) [2]. Since peak inspiratory pressure is significan-
tly lower during pressure—control ventilation (PCV) than
during volume-control ventilation (VCV), one might expe-
ct PC modes of ventilation to be superior to VC modes [3].
Nevertheless, there is ample evidence that PCV is superior
to VCV in terms of clinical outcome — only one study sug-
gested a better outcome for ARDS—patients ventilated with
PCV compared with VCV [4]. Meanwhile, PCV is increasing-
ly being used: while only 1-5% of physicians expressed pre-
ference for PCV between 1992 and 1998 [5-7], one epide-
miologic study in 2004 demonstrated >15% of physicians
used PCV in their daily practice [8].

Fujita et al. investigated the effect of peak inspiratory flow
in a rabbit acute lung injury model [9]. In their study, ani-
mals were randomly assigned to two ventilation groups: one
group ventilated with pressure-regulated volume-control ven-
tilation (PRVC) and one group receiving VCV. In the PRVC
group, peak inspiratory flow was significantly higher than in
the second group, as was to be expected. After development
of lung injury and start of either ventilation strategy to the
end of the experiment, PaO, values remained significantly
higher in the VC group than in the PRVC group. Wet-to-
dry ratio and upper lobe tissue injury scores were higher in
the PRVC group. The authors conclude form their exper-
iments that high inspiratory flow is associated with greater
deterioration in gas exchange and lung injury.

We have some concerns regarding this conclusion. First, we
wonder whether solely differences in peak inspiratory flow
are responsible for the findings as described. Of importan-
ce, mean airway pressures were also higher with PRVC ven-
tilation as compared with VCV, which in itself may be part-
ly responsible for the detrimental effects. In this context, it
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can and must be noted that mammals, including humans,
have a flow pattern resembling PRVC ventilation: alike the
airflow pattern during PRVC ventilation, airflow during
spontaneous breathing follows a “decelerating” pattern —
fast contraction of the diaphragm and intercostal muscles
enlarges the thorax volume, causing a negative intra-tho-
racic/intra-pulmonary pressure which results in a fast incli-
ne of inspiratory airflow. After reaching the peak, airflow
rapidly declines until equilibration of intra-thoracic/intra-
pulmonary pressure and environmental pressure. In con-
trast to PCV, VCV is characterized by a constant airflow du-
ring inspiration.

Secondly, the tidal volumes used in this study merit clo-
ser attention. In intensive care medicine tidal volumes
over the past decades have progressively decreased from
>12-15 ml/kg actual body weight (ABW) [10,11] to <9 ml/kg
ABW (~10 ml/kg predicted body weight (PBW) [6,7,12,13].
This change was stimulated by clinical trials that confirmed
the existence of so-called ventilator-associated lung inju-
ry [14,15]. Presently there are guidelines that strongly su-
pport the use of lower tidal volumes (i.e., 6 ml/kg predic-
ted body weight, PBW) in patients with ALI/ARDS [16].
In the study by Fujita et al. rather large tidal volumes were
used: 20 ml/kg. We wonder whether similar findings wo-
uld have been obtained when using more lung—protecti-
ve and/or lower tidal volumes. Of note, in the above-men-
tioned study comparing PC ventilation with VC ventilation
by Esteban et al. [4] tidal volumes were substantially larger
than 6 ml/kg PBW.

Nevertheless, the findings by Fujita et al. are remarkable,

and call for additional animal studies. If confirmed, a trial

comparing PCV with VCV in patients that are to be venti-

lated for substantial periods of time, for instance patients
with ALI/ARDS, seems warranted.
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