Isa Reduction in Ventilator-Generated Lung Work and Power Beneficial in ARDS?
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Abstract-M echanical ventilation which uses low tidal volume,
reduced distending pressure, and increased inspiratory time has
been shown to be useful in treating patients with ARDS. These
protective ventilator strategies may be thought of as a reduction
in ventilator-delivered work and power.

I Introduction

Recently, both the morbidity and mortality associated with
acute respiratory distress syndrome (ARDS) have been shown
to be decreased with “protective” or “low-stretch” ventilatory
strategies which incorporate reductions in tidal volume. The
basis for these is primarily a reduction in ventilator-generated
inspiratory pressure [1-4]. This reduction in applied pressure
and resultant volume may correspond to an overall reduction
in ventilator-generated work and power done to the lung.

I1. Discussion

The following equation illustrates that the work, Wysy,
performed from the ventilator to the lung, is a function of
distending pressure, Py, and positive end-expiratory pressure,
Prees, s Well as pulmonary compliance, C. This formula aso
represents the area under the pressure-volume curve. This is
illustrated in Fig. 1. Of note, this work is proportiona to the

square of the sum of both simultaneously applied pressures.

2
WysL = %[Pd + Ppeep] 1

As an example, for a constant compliance, a reduction of
[Pa + Ppep] from 35 to 30 cm H,0 would result in an
approximately 27% reduction in ventilator-generated work.

Thus, the benefits of these ventilatory management
techniques may possibly be thought of as a reduction in the
work done to the lung from the ventilator.

It may be helpful to also examine the power, %vs(,
generated from the ventilator and dissipated by the lung as
well:

RuaL = Mvt @)

Substituting (1) into (2) and differentiating with respect to
timeyields:

Pyt = C[Py + Poeeg] (). A3)

% can be approximated as:
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Substituting (4) into (3) yields:
Rsr = ClPy + Poser] (L) (5)

It should be noted that At represents inspiratory time t.
Furthermore, APq4 = Pq4. Equation (5) can then be expressed
as.

_ C[P4 + PpeeplPa _ C[Pé + PpeepPal
PaL = T = T . (6)

Therefore, areduction in the power that is dissipated by the
lung, generated by the ventilator, may be beneficial in ARDS.
For a given compliance, this power is minimized with a
reduction primarily in Py and by the use of as large an
inspiratory time, t , as possible. It should be noted that a
commonly used treatment for ARDS is with inverse | :E ratio
such that inspiratory time exceeds exhalation time [5].

I11. Conclusion

The use of “protective” ventilator strategies such as low
tidal volume, and reduced distending pressure, as well as
increased inspiratory time appear to be beneficia in the
management of patients with ARDS. These techniques may be
considered as decreased work and power done by the
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ventilator on the lung.
Fig. 1. The area under the pressure-volume curve corresponds to the work
done to the lung from the ventilator. A reduction in this work may be
beneficia in ARDS.



Derivation

The work done from the ventilator to the lung can be
thought of as the sum of work, from the delivery of Py, and
during inflation, from Ppeg 10 [Py + Pree]

Pg+ Ppeep
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Wysi= | VPP + | V(E)dP =
0
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Note that volume is a function of pressure, V(P).
Furthermore, V(P) is the product of compliance, C, and

pressure: V(P) = C*P. By definition, compliance corresponds
to the slope of the pressure-volume curve.

Fd + Fpeep Pd + Ppeep
Wyse = | V(@PdP=C| PdP )
0 0
Solving the above integral yields:
2
WysL = %[Pd + Ppeep] . (3

(1]

(2]

(3]

(4]

(5]

References

The Acute Respiratory Distress Syndrome Network,
“Ventilation with lower tidal volumes as compared with
traditional tidal volumes for acute lung injury and the
acute respiratory distress syndrome,” N. Engl. J. Med.,
val. 342, pp. 1301-1308, May 2000.

K.G. Hickling, J. Wash, S. Henderson, R Jackson,
“Low mortality rate in adult respiratory distress syndrome
using low-volume, pressure-limited ventilation with
permissive hypercapnia: a prospective study,” Crit. Care
Med., vol. 22, pp. 1568-1578, Oct. 1994.

M.B. Amato, C.S. Barbas, D.M. Medeiros, et .,
“Effect of a protective ventilation strategy on mortality in
the acute respiratory distress syndrome,” N. Engl. J.
Med., vol. 338, pp. 347-354, Feb. 1998.

S.H. Rappaport, R. Shpiner, G. Yoshihara, J. Wright,
P. Chang, E. Abraham, “Randomized, prospective trial of
pressure-limited versus volume-controlled ventilation in
severe respiratory failure,” Crit. Care Med., vol. 22, pp.
22-32, Jan. 1994.

R.S. Tharratt, R.P. Allen, T.E. Albertson, “Pressure
controlled inverse ratio ventilation in severe adult
respiratory failure,” Chest, vol. 94(4), pp. 755-62, Oct.
1988.



