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Protective ventilation should potentially be applied in
most or all patients undergoing invasive mechanical
ventilation.” Reduction of tidal volume (Vi) has
progressively been incorporated over the years.’
i

however, but needs a combination of ventilator settings
and associated procedures.”* The progressive reduction
of V1 has necessitated to

(®R), but o e ecommendation for setting the Faté

exists. In addition, the impact of dead space, including

instrumental dead space (V). became highly

especially for

patients reiuiring_ of predicted body

weight . In this report, we reviewed data from
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the literature of the last 20 years to try to offer some
clues to physicians on the questions of rate setting and
the impact of dead space.

Initial Minute Ventilation and Settings in the
Era of Lung Protective Mechanical Ventilation

a
was Fecommended or surgicl

populations, which was

’ Even if a strictly
normal Paco, level is not targeted, this estimate cannot
be used for critically ill patients undergoing mechanical
ventilation. Ventilator settings used in the operating
room and in critically ill target patients with different
dead space and CO, production (because of metabolism,
temperature, presence of sepsis, vasopressors, etc). In
addition,
of patients in the ICU, as subsequently discussed.
Figure 1 uses the literature and differentiates scheduled
surgical patients (planned surgery) and patients in the
ICU. In patients undergoing mechanical ventilation for
the

kg ppw and the In
critically ill patients in whom protective ventilation is
increasiWnd the RR
is often Data presented in

Figure 1 show that the 100 mL/kg ppyw/min minute

by Radford
et al® i In contrast, for
patients in the ICU, a gninute ventlaion of SEIEESE

150 /K 1 e o wsed These dta
indicate that the RR needed to lachieve this ffarget in
patients in the ICU is when a
is used, even if a mild degree of
hypercapnia is often accepted.

Impact of Dead Space During Protective and
Ultraprotective Mechanical Ventilation

or allows

and plateau pressure for a
Such data were published about 15 years ago,
when V- values were around 8 mL/kg and RRs were
around 20 breaths/min. With the widespread use of
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Figure 1 -

(Vi in mL/kg ppy and respiratory rate [RR]) used in surgical studies conducted in the*s) and
in chronologic order are shown. The iso-minute ventilation lines for 100 and 150 mL/kg pgw/min are represented, respectively, in
. Minute ventilation is usually around 100 mL/kg pgw in patients under mechanical ventilation during surgery and at least 150 mL/kg
pew/min in patients in the ICU. Minute ventilation is even higher (= 180 mL/kg ppw/min) in several studies. In the operating room, the RR used is
most of the time < 15 breaths/min, and in patients in the ICU with protective mechanical ventilation, the RR used is > 20 breaths/min in most studies
and frequently > 25 breaths/min. Some studies, for which all ventilatory data were not available, could not be represented on this graph. PBW =
predicted body weight; Vi = tidal volume.
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Figure 2 - Valv) .-- that provide the --- (iso-minute ventilation red

line, corresponding to 150 mL/kg pgw/min in a 175-cm man) is shown. In patients in the ICU with protective ventilation, the impact of dead space (V) can be
substantial. For a L/kg ppw with a breaths/mm increases from L/min by reducing the Vp to a
Fora mlL/kg ppw with a breaths/mm alveo ar venti by L/min, toa
In these situations, it is crucial to minimize the instrumental dead space as much as possible to prevent the accumulation of CO,.” The dead space
volume is represented in [féd in the setting with HME and CM (other possible connectors are not represented) and in the setting with heated humidification,
without CM. By definition, during invasive mechanical ventilation, the dead space is the volume with high CO, concentration durini ﬁimtion that will be

reinhaled during the next respiration cycle. See Figure 1 legend for expansion of other abbreviations. CM =catheter mount; - =
ﬂ Valv = alveolar ventilation.
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irotective or ultrairotective ventilation in adults with

as has been the case

for for many years.”

is the part of ventilation that

whereas

is

(ST E0) i

ventilation is the ineffective part. --Ean
be seen as the addition of the physiological dead space

and the [instrumental dead space (Vipinst)-

- is the volume _ (and including
part of the Y-picce) GNISNERGEE
BRGSO B8 o ol hc
BEENE when present (range, SOSOSIRNE), any

iconnectors (catheter mounts, connector for end-tidal

CO, monitoring, connector for closed suction circuits,

etc), and [endotracheal (1124 'mL, depending on their
length and diameter) and [frachéostomy tubes (3=8'mL,

depending on their length and diameter). can be
estimated at (1 mL/Ib of PBW). Radford
et al® stated “a remarkable, but approximate rule that the

weight in pounds? In parients on mechanical

ventilation, because of the exclusion of the bypassed
upper airways, Vpphys is approximatel
E in patients who are This may

vary, however, according to the anatomy of each subject,
sex, position, age, and pathology. During ARDS| and in

the case of [overdistension leading to increased alveolar

- Vpphys may be much - than estimated.
As shown in Figure 2, using a Simple formula and

comparing the effect of Vp;,, reduction on Paco,, it is
easy to assess the impact of this part of the dead space:

where Vo is the total dead space.

In addition, instead of being present 10 or

15 times per minute, the gas in the instrumental and
anatomic dead space is reinhaled 25 to 30 times per
U s o EHNEEGRTRETAYE, .

therefore illustrates that during protective ventilation,

m! (ie, enhancing the efficiency of

minute ventilation). The other option to increase V.,

chestjournal.org

would be to increase V1 or RR. However, during

Pprotective Ventilation, the @i is usually to further
decrease the Vi and the RR is already high and limited

by potential intrinsic positive end expiratory pressure.

Conclusions
The use of lung protective ventilation with V1 around

ppw in critically ill patients

breaths/min. -.b-
when protective ventilation is used, especially when the
*eaths/min, or when Vris = 6 mL/kg —
Improved V, can improve CO, elimination when
acidosis is critical,** and consequently

" If the physician chooses to keep
Paco, constant, reduction of Vp,«, allows a -

or
a Rediition of the RR and power
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