
However, the authors noted a reduction in CO at higher ECMO flow.
Expectedly, all direct or derived hemodynamic variables—namely,
pulmonary artery pressure, transpulmonary gradient, diastolic
pressure gradient, PVR, and right ventricular workload—were lower
in the higher ECMO blood group compared with lower ECMO blood
flow group because of the reduction in CO. A reduction in the need
for native CO at higher ECMO flow does not offer a convincing
physiological explanation. As explained, thermodilution-based CO
measurement may yield erroneous data because of recirculation in
femorojugular circulation. Recirculation could be negligible and thus
produce errors in COmeasurement in femorofemoral cannulation.
Therefore, the reduction in CO could be possible because of reduced
venous return as a result of improved SV

.
O2
-induced venodilatation

and reduction in mean circulatory filling pressure, thereby causing a
diminished gradient for venous return (4). At higher ECMO blood
flow, the circuit reservoir expands at the cost of the systemic reservoir
to maintain a constant total blood volume.

Second, improved oxygenation may lead to increased systemic
vascular resistance and left ventricular afterload. Therefore, the
authors should have also reported the changes in mean arterial
pressure (MAP) and systemic vascular resistance at different
ECMO flow rates. MAP drives venous return, and pulmonary
artery pressure may decrease with a decrease in MAP. Poor
oxygenation and hypercarbia at low ECMO flow could have
increased sympathetic activity (5). The increased sympathetic activity
may have chronotropic and inotropic effects. It was evident, as
heart rate (956 18 vs. 876 19 beats per minute) and stroke volume
(946 25 vs. 876 4 ml per beat) were higher at low ECMO flow (low
SV
.
O2
) compared with high ECMO flow (high SV

.
O2
). An insignificant

reduction in pulmonary artery occlusion pressure (13 mmHg to
12 mmHg), despite a greater reduction in CO (9.2 L/min to 7.9 L/min),
may suggest an increase in left ventricular afterload or reduction
in ventricular contractility. Therefore, an echocardiographic
assessment of left ventricular systolic function could have further
helped in physiological explanations.

In conclusion, ECMO flowmay be optimized to improve SV
.
O2

and should sustain improvement in DO2 and DO2/ _VO2 ratio.
This may be possible only when CO is maintained or increased,
accompanied by the reduction in hypoxic pulmonary
vasoconstriction and PVR.�
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From the Authors:

We thank Ajay Kumar Jha for his thoughtful commentary on our
study (1). His insights on the complex cardiopulmonary interactions
during venovenous extracorporeal membrane oxygenation (ECMO)
are appreciated and merit careful consideration.

Regarding the reduction in cardiac output observed at higher
ECMO flow rates, as noted in our study, this is likely due to increased
arterial oxygen content and the decreased demand from the native
circulation. By augmenting the mixed venous oxygen saturation
(SvO2), ECMO allows for a lower native cardiac output to maintain
oxygen delivery and sufficient tissue oxygenation. On the other hand,
as highlighted by Jha, the slightly lower PaO2

, although still physiologic,
and increase in PaCO2

at lower ECMO flow could have increased
sympathetic activity, with chronotropic and inotropic effects.

The precise mechanisms by which ECMO lowers native cardiac
output are open to speculation. Chemoreceptors in the pulmonary
circulation might modulate sympathetic tone in response to mixed
venous oxygen content. Jha’s suggestion that changes in venous
capacitance and reduced venous return contribute to the reduction
in cardiac output may be plausible. We respectfully disagree, instead,
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with his point regarding pulmonary artery occlusion pressure.
The small reduction from 13 mmHg to 12 mmHg passing from
lower to higher flow actually suggests that neither an increase in
left ventricular afterload nor a reduction in ventricular contractility
occurred. On the contrary, this change likely reflects the reduction in
sympathetic tone, which resulted in decreased cardiac workload and
decreased volume centralization.

Jha’s letter gives a sense of the intricate overlapping of several
cardiocirculatory effects, which could result in unexpected changes
in hemodynamic variables. Indeed,mean arterial pressure (MAP)
was slightly but not significantly higher at lower blood flow rates
and SV

.
O2
(MAP: 83mmHg [range=79–96mmHg] vs. 85mmHg

[range=79–90mmHg] vs. 79mmHg [range=74–86mmHg];
P=0.217), whereas systemic vascular resistance was not different
(689 dynes/s/cm25 [range=601–871 dynes/s/cm25] vs. 730 dynes/s/
cm25 [range=625–914 dynes/s/cm25] vs. 684 dynes/s/cm25

[range=619–894 dynes/s/cm25]; P=0.717).We disagree with the
statement that “MAPdrives venous return.” Rather, venous return
depends on venous resistance and the difference between right atrial
pressure and themean systemic filling pressure, the latter being
determined by the distribution of vascular compliance and overall blood
volume.

The suggestion to assess ventricular systolic function bymeans of
echocardiography is well received. As pulmonary hemodynamics and
right ventricular workload may be significantly affected by ECMO
blood flow, a more comprehensive evaluation of biventricular function
could enhance the physiological understanding of ECMO’s effects,
especially in patients with right ventricular dysfunction or failure.

We also disagree with Jha’s comment regarding the ratio between
oxygen delivery (DO2) and _VO2 falling below the critical threshold of
2. Across the different study steps, the DO2 remained consistently
above 1,000 ml/min, whereas the estimated _VO2 likely ranged between
200 and 300 ml/min. As blood flow rates increased, the patient’s _VO2

decreased from approximately 200ml/min to 100 ml/min, with an
estimated ECMO _VO2 contribution changing from 75 to 175ml/min
(approximately 50ml/L of blood flow). Therefore, given the “clinically
safe” steps of the study design, the DO2/ _VO2 ratio was consistently
above 3 (2), well above the critical threshold.

Far from believing that we have provided a definitive description
of the complex interaction between ECMO and cardiocirculatory
function, we stick to the study results, which did not show that the
decrease in cardiac output at higher ECMO blood flow affected the
adequacy of DO2 in relation to total _VO2.

Once again, we appreciate Dr. Jha’s thoughtful feedback and
believe that this exchange will contribute to further optimizing ECMO
support in patients with severe acute respiratory distress syndrome.�
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To the Editor:

I have reviewed the recent trial by Mascia and colleagues (1) that
explores the application of lung-protective ventilation strategies in
patients with acute brain injury. The trial was terminated early, and
the results indicated that the lung-protective ventilation strategy
did not lead to improved outcomes for the patients. Although
appreciation is extended to the authors for their contribution to the
quest for optimal ventilation strategies for patients with acute brain
injury, there are three points I would like to discuss with them.

First, the baseline characteristics of the patients did not include
preoperative comorbidities. The premature termination of the trial
compromised the randomization, resulting in a discrepancy of 17% in
the number of participants enrolled in each group. Furthermore, the
preoperative status of the patients, encompassing the types and
severity of comorbidities, may have had an impact on the primary
outcomes.

Second, lung-protective ventilation strategies encompass a range
of measures, including low VT, positive end-expiratory pressure
(PEEP), low inspiratory oxygen concentration, low plateau pressure,
and recruitment maneuvers (2). Notably, the conventional group also
used PEEP, low inspiratory oxygen concentration, and low plateau
pressure; however, their VT was only 0.5 ml/kg higher than the upper
limit of the low VT (8 ml/kg). It is concerning that the minimal
differences in the interventions between the groups may obscure
the effects of the lung-protective ventilation strategy. Furthermore,
recruitment maneuvers can reopen collapsed alveoli and reduce the
incidence of atelectasis, suggesting that their inclusion in the lung-
protective groupmay enhance the patients’ pulmonary function.

Third, this study used a fixed PEEP in the lung-protection
group, which does not align with current practices. Presently, it is
recommended that PEEP be titrated individually through various
methods, as this may be more beneficial in improving patient
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