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ABSTRACT

Background: Patients with acute respiratory distress syndrome (ARDS) are generally ventilated in either 45° head elevation or prone position
as they are associated with decreased incidence of ventilator-associated pneumonia and mortality, respectively." But in patients with poor
lung compliance and super-added diaphragmatic weakness/dysfunction, generating a minimum amount of adequate tidal volume (TV) would
be very difficult in propped up/supine/prone position, leading to worsening hypoxia and CO, retention. We noticed a sustained increase in
TV for patients with poor lung compliance (Cs <15 mL/cm H,0) and diaphragmatic dysfunction (bilateral diaphragmatic excursion <1 cm, on
spontaneous breaths) when the patients are switched to Trendelenburg position with the same ventilator settings.

Patients and methods: A case report with possible explanation for the observed changes has been mentioned.

Results: Trendelenburg ventilation delivered more TV than propped up or prone ventilation in patients of ARDS with poor lung compliance
and diaphragmatic dysfunction.

Conclusion: Trendelenburg ventilation increases static lung compliance and delivers more TV when compared to propped up/supine/prone
ventilation in patients of ARDS with poor lung compliance and diaphragmatic dysfunction. Although the exact mechanism behind this is not

known till now, we formulated few theories that could explain the possible mechanism.
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PERSPECTIVE

Hypothesis

“Trendelenburg ventilation delivers more tidal volume (TV) than
propped up or prone ventilation in patients of acute respiratory
distress syndrome (ARDS) with poor lung compliance and
diaphragmatic dysfunction.”

Patients with ARDS are generally ventilated in either 45° head
elevation or prone position as they are associated with decreased
incidence of ventilator-associated pneumonia (VAP) and mortality,
respectively."? But in patients with poor lung compliance and
super-added diaphragmatic weakness/dysfunction, generating
a minimum amount of adequate TV would be very difficult in
propped up/supine/prone position, leading to worsening hypoxia
and CO, retention. We noticed a sustained increase in TV for
patients with poor lung compliance (Cs <15 mL/cm H,0) and
diaphragmatic dysfunction (bilateral diaphragmatic excrusion
<1 cm, on spontaneous breaths) when the patients are switched
to Trendelenburg position from either supine or prone with the
same ventilator settings. Although this increase in TV (with the
same respiratory rate, inspiratory time, flows and inspiratory
pressure) helped in washing out CO,, its impact on oxygenation
was very minimal. This increase in TV with Trendelenburg position is
contradictory to many previous studies stating that Trendelenburg
position reduces lung compliance and TV,® which have not included
patients of ARDS with poor lung compliance and diaphragmatic
dysfunction. Going through literature, we could not find any reports
asserting this kind of experience thereby any explanation for it.
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We tried to explain few theories behind this increase in TV with
Trendelenburg position.

Theory 1: Functional Residual Capacity (FRC) Theory

In Trendelenburg position, the weight of the abdominal contents
moves the weak/paralyzed diaphragm more cranially when
compared to supine and propped-up positions. This relative
increase in cranial displacement of the diaphragm causes more
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fall in FRC than usual.? So for the next inspiratory breath, inflation
from a lower FRC to the same total lung capacity, with no change
inspiratory pressure, flow and time results in an increased TV with
increase in lung compliance (Fig. 1).

Theory 2: Parachute Theory

When we assume that the weakened diaphragm due to mechanical
ventilation, muscle relaxants, corticosteroids use or by inflammation
from the disease process itselfis similar to that of the diaphragmatic
weakness in spinal cord injured patients.* Placing an abdominal
binder or Trendelenburg position would reconfigure the shape
of the diaphragm, so that it resembles parachute or dome. The
reconfiguration increases TV and improves efficiency of ventilator
mechanics by increasing the zone of apposition of diaphragm
relative to the caudal circumference of the rib cage. The domed
diaphragm lifts the lower edges of the ribcage by using the
intestines as fulcrum.®

Theory 3: Pulmonary Vascular Fluid Theory

During Trendelenburg ventilation, a shift in pulmonary blood
volume from basilar to apical lung regions would be expected
to reduce hydrostatic pressure surrounding basilar alveoli, thus
enabling them to accommodate a greater volume of gas as
shown by increase in alveolar minute ventilation and static lung
compliance.®

Theory 4: Rigid Chest Wall Theory

In patients with ARDS and on muscle relaxants—the lax abdominal
wall due to muscle relaxation and diaphragmatic weakness
makes the abdomen relatively more compliant leading to
adaptive migration of the abdominal contents and decreased
anteroposterior chest wall dimensions with each inspiration. This
increased compliance in the abdominal wall is offset by stiffening
of ribcage.® This could be due to a larger fraction of pressure/flow
getting used up for displacing the diaphragm thereby overinflating
the already distended alveoli adjacent to diaphragm and relative
atelectasis of ventral and dorsal lung regions. Here, Trendelenburg

SUPINE
Keeping P,,, Flow rate
constant &

Assuming TLC= 2500

Keeping P,,, Flow rate
constant and assuming
minimal change in Cs
TLC= 2500 ml

End- inspiration

Tidal volume= TLC— FRC = 2500-1800= 700 mL

Fig. 1: Functional residual capacity (FRC) theory. TLC, total lung capacity;
Cs, static lung compliance; Py, inspiratory pressure. Increase in TV
can be noticed in Trendelenburg ventilation with constant inspiratory
pressures and flow
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positioning could displace the abdominal contents cranially sitting
adjacent to diaphragm altering the pattern of breathing such
that the upper chest moves, and expansion of the lower ribs with
decent of diaphragm is prevented leading to effective opening up
of recruitable dorsal and ventral lung regions (Fig. 2).

Limitations

+ Istheincrease in TV with Trendelenburg position is universally
seen in all patients of ARDS with low lung compliance and
diaphragmatic dysfunction?

- If yes, can this be proved by using CT or Electrical Impedance
tomography?

« Doestheincreasein TV effect is sustained in all patients? If yes,
then till how much time?

+ Is there any threshold for lung compliance and diaphragmatic
function below which this effect will be seen?

- Reason for relatively minimal change in oxygenation—V/Q
mismatching, cardiac dysfunction due to increase in afterload?

« Effect of muscle relaxation?

We noticed this effect in few of our ICU patients with prolonged
mechanical ventilation, steroid and muscle relaxant use.

Case

A25-year-old female referred to our center with c/o of fever x 1 month,
shortness of breath x 15 days for which she had taken treatment in
a local private hospital with oxygen supplementation and steroids.
On Day 2 in our ICU, her condition worsened requiring mechanical
ventilator support. Static lung compliance on the day of intubation
was 13.7 mL/cm H,0O, and driving pressures were 16 limiting the
plateau pressures to 30 cm H,O. Even with propped up positioning/

End- expiration

SUPINE

End- expiration

Fig. 2: Rigid chest wall theory. Rigid Chest wall and diaphragmatic
restriction facilitate the ventilation of ventral and apical lung regions
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Table 1: Comparison of ventilator parameters between propped-up and Trendelenburg ventilation

Settings Propped-up position at 30°

Trendelenburg position

Mode of ventilation

Inspiratory pressure (Pi) 23cmH,0

PEEP 7 cm H,0
Others (I:E, FiO,) 1:1,100%

TV 210-230 mL

Cs 13.7 mL/cm H,0
Pao, 52 mm Hg
PaCO, 112 mm Hg
pAO, 573 mm Hg

PCV+in Hamilton C-3 ventilators

PCV+in Hamilton C-3 ventilators
23cmH,0

7 cm H,0

1:1,100%

300-320 mL

19.3 mL/cm H,0

49 mm Hg
(60 minutes post-Trendelenburg position)
78 mm Hg
(60 minutes post-Trendelenburg position)

615.5 mm Hg

PCV, pressure-controlled ventilation; PEEP, positive end expiratory pressure; I:E, inspiratory and expiratory ratio; FiO,,
fraction of inspired oxygen; TV, tidal volume; PO,, partial pressure of oxygen in arterial blood; PaCO,, partial pressure
of carbon dioxide in arterial blood; Cs, static lung compliance; pAO,, alveolar oxygen tension in mm Hg

proning, adequate sedation and muscle paralysis, maximum TV that
has been achieved was around 210-230 mL. Patient was Hypoxic
and retaining CO,. Off relaxant, her diaphragm excrusion was <1 .cm
bilaterally. Assuming diaphragmatic weakness and atrophy with
very poor lung compliance and almost no improvement with prone
ventilation, we placed the patient in Trendelenburg position with
sedation and paralysis hoping for the above mechanisms to act. Her
TV increased to 300-320 mL. Patient lung compliance in propped
up was 13.7 mL/cm H,0 and 19.3 mL/cm/H,0 in Trendelenburg
position, increasing with Trendelenburg position. Alveolar oxygen
concentration (pAO,) also increased with Trendelenburg ventilation
marking anincrease in lung recruitment. Although patients PaO, did
not change significantly, her CO, decreased, pAO, increased, with
anincrease in TV (with same RR, inspiratory time and flow) (Table 1).

HIGHLIGHTS

Trendelenburg ventilation increases static lung compliance and
delivers more TV when compared to propped up/supine/prone
ventilation in patients of ARDS with poor lung compliance and
diaphragmatic dysfunction. Although the exact mechanism behind
this is not known till now, we formulated few theories that could
explain the possible mechanism. Being the largest COVID center in
the state with 60 bedded ICU, we experienced these changes in few
of our patients which has to be validated by a large scale RCT aided
with latest technologies like computed tomography and electrical
impedance tomography.
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