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Combination of airway pressure L)
release ventilation with inverted
inspiration-exhalation ratio and

low-flow CO, removal devices with

renal replacement therapy in

refractory hypoxemia™

Combinacién de la ventilacién con liberacion
de presion con la relacion
inspiracion-espiracion invertida y los
dispositivos de eliminacion de CO; de bajo
flujo con terapia de sustitucion renal en la
hipoxemia refractaria

Dear Editor,

Acute respiratory failure which under pneumoprotective mea-
sures persistently maintains PaO;/FiO; < 100 or a plateau
P > 30 cmH;0 can be classified as refractory hypoxemia.
The different therapeutic strategies under such circumstances
include the combination of pressure-controlled ventilation and

* Please cite this article as: Gonzalez-Castro A, Escudero Acha P,
Rodriguez Borregan JC, Pefasco Y, Blanco Huelga C, Cuenca Fito
E. Combinacion de la ventilacion con liberacion de presion con la
relacion inspiracion-espiracion invertida y los dispositivos de elim-
inacion de CO, de bajo flujo con terapia de sustitucion renal en la
hipoxemia refractaria. Med Intensiva. 2021;45:376-379.

the inverted inspiration-exhalation ratio (inverted I:E): airway
pressure release ventilation (APRV).'

We present a series of three cases of refractory hypoxemia
in which APRV was applied in combination with a low-flow CO;
removal device with renal replacement therapy (ECCO;R-RRT).
Table 1 details the clinical-epidemiological and evolutive char-
acteristics of the three cases.

The first case in which both therapies were combined cor-
responded to a 75-year-old male admitted to the Intensive
Care Unit (ICU) due to sepsis of respiratory origin. The patient
developed severe acute respiratory distress syndrome (ARDS)
secondary to nosocomial pneumonia, and mechanical ventila-
tion was started. Anuric renal failure was diagnosed and renal
replacement therapy (RRT) was decided. After 9 h of pro-
tective ventilation, and due to the persistence of refractory
hypoxemia, we introduced APRV followed by ECCO,R-RRT. The
patient was discharged after 40 days in the ICU.

The second case corresponded to a patient admitted to the
ICU with a diagnosis of possibly progressing multiple myeloma
with established renal failure and severe respiratory failure
secondary to community-acquired pneumonia. Upon admission
to intensive care, mechanical ventilation was started and pneu-
moprotective measures were adopted, together with RRT. In
view of the failure of these measures and the rapid progres-
sion of the clinical condition, combined therapy with APRY and
ECCO;R-RRT was started. Despite initial improvement, how-
ever, the patient died of hypoxia in the following 12 h.

The third case corresponded to an episode of respiratory
failure of uncertain origin in a woman who had been treated
with cetuximab due to a tumor of the floor of the mouth. She
had undergone blood product transfusion 24 h before develop-
ing rapidly evolving severe ARDS. The patient was admitted to
the ICU due to respiratory failure that progressed with multi-
organ failure and anuric acute respiratory failure. In this case,
ECCO,R was started 24 h before switching the ventilatory mode
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Table 1 Clinical, epidemiological and evolutive parameters of the patients.
Patient 1 Patient 2 Patient 3
Age (years) 75 41 61
Gender Male Male Female
Comorbidities Yes Yes Yes
Disease causing RF ARDS due to sepsis Pneumonia (multiple TRALI vs. pneumonitis
(Kartagener syndrome) myeloma)
Pulmonary risk factors for ARDS Yes Yes
CAP No Yes No
Nosocomial pneumonia Yes No No
Aspiration pneumonia No No No
Non-pulmonary risk factors for ARDS
Murray 3 3.25 3
Ventilatory mode before APRV-ECCO;R PRVC VC VC
Adjuvant therapies before APRV ECCO;R
Protective ventilation (VT =6 ml/kg) Yes Yes Yes
Neuromuscular block Yes Yes Yes
Prone position Yes Yes Yes
Nitric oxide No No No
Time from intubation to start of APRV ECCO,R 9 h 6 h 24 h
Reason for ending ECCO;R
Treatment success Yes No Yes
Death No Yes No
Follow-up
Recovery from severe ARDS Yes No Yes
Days of mechanical ventilation 32 2 9
ICU stay 40 2 9
ICU outcome (alive/deceased) Alive Deceased Deceased
Cause of death related to ARDS - Yes No (AMI)

APRV: airway pressure release ventilation; ECCO;R: extracorporeal carbon dioxide removal; AMI: acute myocardial infarction; RF: res-
piratory failure; CAP: community-acquired pneumonia; ARDS: acute respiratory distress syndrome; ICU: Intensive Care Unit; VC: volume

control; PRVC: pressure-regulated volume control.

to APRV. On the eighth day of mechanical ventilation, and in
view of resolution of the lung disease, mechanical ventilation
weaning maneuvers were started. The patient died 24 h later
due to acute myocardial infarction.

Table 2 details the modifications of the ventilatory param-
eters, ECCO,R and the blood gas and hemodynamic values
following the start of combined APRV and ECCO;R-RRT.

The use of VV ECMO was contraindicated in all three cases
due to the patient age and lung disease without predictable
recovery (important bronchiectasis in Kartagener syndrome) in
the first case, and comorbidities (active malignant disease) in
the other two cases.?

Ventilatory management with APRV was carried out follow-
ing the clinical guidelines of Habashi® for the transition from
conventional ventilation to APRV (P high = plateau).

In APRV, the ventilator is equipped with an active expiratory
valve that allows spontaneous breathing of the patient in any of
the pressure phases, and the duration of the ‘‘high pressure’’
phase is always longer than that of the ‘‘low pressure’’ phase
- this being equivalent to an inverted I:E ratio.*

In relation to mechanical ventilation injury, Protti et al.
found that, for a given total amount of strain, a higher static
strain component (PEEP, air trapping) results in lesser lung
injury than the use of dynamic strain.’

In theory, APRV allows the patient to spend most of the time
in a situation of high static strain (P high) and low dynamic

strain; consequently, the risk of lung injury should decrease in
comparison with the conventional modes that give rise to low
static strain and high dynamic strain.®

However, caution is required when interpreting the effect
of spontaneous breathing in APRV in the context of lung
injury, since a number of factors intervene: the combination
of spontaneous and mandatory respirations, adjustment of the
ventilator, and the degree of lung injury. Neumann et al., on
analyzing the possible adverse effects of APRV, found that spon-
taneous respiration could cause very high tidal volume (VT) and
pleural pressure changes, which would be associated to high
transpulmonary pressures and an increased risk of ventilator-
induced lung injury (VILI).” These aspects sometimes oblige an
increase in patient sedation, or even the use of relaxation.

In our three scenarios, the combination of prior muscle
relaxation with the consequent absence of spontaneous res-
piration, the decrease in functional lung parenchyma and the
inverted I:E ratio in APRV appear to inevitably require the adop-
tion of measures to counter the increase in PaCO, and control
its harmful effects upon the lung, such as delayed alveolar
repair after lung injury, decreased alveolar fluid reabsorption
rates, and the inhibition of alveolar cell proliferation.®

An alternative in these situations is the use of carbon dioxide
removers. In our case, and in view of the need for RRT due to
different reasons, ECCO,R-RRT was the treatment used.
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Table 2 Evolution of the ventilatory, blood gas, ECCO;R, hemodynamic and sedoanalgesia parameters during the first 24 hours.
Patient 1 Patient 2 Patient 3
Basal 4h 8h 12h 24h Basal 4h 8h 12h 24h Basal 4h 8h 12h 24h

Ventilatory parameters

T high (s) 4 4 4 4 4 5 5 5 5 - 4 6.5 6.5 6.5 6.5

P high (cmH,0) 30 30 31 25 25 22 22 22 22 - 28 22 28 26 26

T low (s) 1 1 1 1 1 1.5 15 15 15 - 1 1 1 1 1

P low (cmH;0) 5 5 5 2 2 1 1 1 1 - 2 2 2 2 2

Compliance 31 3 33 43 46 309 29 309 - - 20 25 25 34 23

P/F 136 106 125 130 154 87 97 87 - - 100 118 224 112 120
Blood gas values

pH 722 7.2 7.28 731 7.4 716 7.2 7.16 7.1 - 7.39 7.34 7.38 7.39 7.42

Pa0O; (mmHg) 95.3 74.6 87.5 78.5 77.3 48.5 65.8 67 67 - 49.8 45.7 101 56 67.2

PaCO; (mmHg) 60.7 64.7 51.9 40.9 38.8 62.6 52.9 40 92 - 39.5 59.1 41 41  40.2

HCO; (mmol/l) 241 24.1 23.7 20 23.5 21.5 19.9 13.6 20.7 - 23.8 24.4 23.2 24.7 25.3

Lactate (mmol/l) 0.7 06 07 09 08 09 09 08 15 - 2.7 23 22 24 23
ECCO;R parameters

Blood flow (ml/min) 450 450 450 450 450 280 400 300 350 - 400 400 400 400 400

Sweep gas flow (l/min) 0 M0 10 10 10 O 10 10 10 - 15 15 15 15 15
Hemodynamic parameters

MBP (mmHg) 84 75 97 95 80 65 75 80 55 - 70 75 65 60 70

HR (bpm) 106 92 79 70 73 110 90 80 100 - 55 60 60 65 50

Noradrenaline (i.g/kg per min) 0 0.44 0 0 0 0.25 0.25 0.25 0.36 - 0.26 0.23 0.26 0.26 0.26

Dobutamine (u.g/kg per min) 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0
Sedation and analgesia

Midazolam Yes Yes Yes Yes Yes Yes Yes Yes Yes - Yes Yes Yes Yes Yes

Propofol No No No No No No No No No - No No No No No

Fentanyl Yes Yes Yes Yes Yes Yes Yes Yes Yes - Yes Yes Yes Yes Yes

Cisatracurium Yes Yes Yes Yes Yes Yes Yes Yes Yes - Yes Yes Yes Yes Yes

ECCO,R: extracorporeal carbon dioxide removal; HR: heart rate; MBP: mean blood pressure; P/F: PaO,/FiO;.

In our three patients, following the decision to start
ECCO;R-RRT, and after priming, the device was connected to
the patient and the extracorporeal blood flow was progressively
increased to 400 ml/min. The sweep gas flow across the mem-
brane was kept at 0 l/min during this phase, as a result of which
no CO, was initially removed.

Promising results have been documented with ECCO;R-
RRT in animals and in small studies involving patients with
ARDS,’° and the technique requires no specific large-caliber
venous accesses. Due to its low flow, this technology does not
allow adequate extracorporeal oxygenation. However, a flow
of 350-500 ml/min suffices to eliminate half of the produc-
tion of CO;; consequently, ECCO,R is an interesting tool in such
situations.” 10
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When success means focusing on the ®
oxygen delivery. A case of

conventional management of severe
hypoxemia in SARS-CoV-2

Cuando el tratamiento adecuado consiste en
evaluar el aporte de oxigeno. Manejo
convencional de la hipoxemia severa en un
paciente con SARS-CoV-2

Dear Editor:

SARS-CoV-2 challenged ICU doctors’ ability to support patients
with acute respiratory insufficiency. This was due to both the
unexpectedly high rate of admissions and the severity of these
patients. Through this case we would like to highlight the
physiology guided management of a patient with profound
hypoxemia. In spite of an apparently life threatening condition
this patient had a good course with conventional management
guided by invasive hemodynamic monitoring.

A 46 years old male was admitted to the ICU with pre-
sumptive diagnosis of SARS-CoV-2. Respiratory symptoms had
started 10 days before admission to the emergency room.
Due to hypoxemia and tachypnea as well as an X-ray with
bilateral infiltrates, the patient was early transferred to ICU.
Support with high flow oxygen was started but escalation
to invasive mechanical ventilation (MV) was required due to
persistent hypoxemia. Due to a Pa0O; =60 mmHg despite FiO;
1 (with protective mechanical ventilation settings PEEP 10
cmH;0, tidal volume 6é6ml/kg, plateau pressure 20cmH,0)
the patient was subjected to prone positioning therapy. The
patient showed no change in respiratory mechanics during
prone positioning but a slight improvement in oxygenation
was observed. He completed a 16 h prone therapy session.
Once in supine, oxygenation was severely deteriorated again
with a Pa0O;/Fl0; <80 mmHg hence extracorporeal membrane
oxygenation (ECMO) therapy was proposed.’ Additionally, he
underwent invasive monitoring with a Swan-Ganz catheter.
The patient showed moderate pulmonary hypertension (PASP
45 mmHg, PVRi 388 dynscm®), cardiac index 3.5 min~' m? and
a preserved mixed blood oxygen saturation around 75%. These
data were complemented with a transthoracic echocardiogram
that showed no right ventricular (RV) dysfunction (which was
concordant with a pulmonary artery pulsatility index=1.7),
preserved left ventricular function and no signs of hypov-
olemia. Based on the preserved RV function and an adequate
oxygen delivery with protective MV settings the decision of
starting ECMO was postponed. Prone positioning sessions were
continued up to a number of 5 and during the following days

both the patient’s lung function (which was more prominent
in prone) as well as pulmonary hemodynamics progressively
improved. The patient was extubated 2 weeks later.

During times of health services overwhelming, the selection
of patients who will benefit from therapies related with a high
consumption of resources should be carefully and efficiently
performed. In the ICU one of these therapies is ECMO. There
are doubts about the long term prognosis of patients with SARS-
CoV-2 who develop severe hypoxemia despite the gentlest MV.
Besides this, the physiology of the patient with SARS-CoV-2 has
been proposed to be different from typical ARDS?: (1) A high
proportion of them have good compliance (Gatinnoni’s phe-
notype L) and in consequence management with low PEEP is
recommended and (2) they show a blunted pulmonary vaso-
constriction. Also, at least in our experience a low rate of
systemic hemodynamic involvement is seen. Such differences
could affect the indications of ECMO in these patients.>

Respiratory ECMO is indicated to ensure oxygen delivery
in patients in whom this cannot be reached under protective
MV settings.* Other indications or goals are at least doubt-
ful. Following this reasoning, comparing with typical ARDS, for
the same arterial oxygen content, probably a lower propor-
tion of SARS-CoV-2 patients would be subsidiaries of ECMO.
A high compliance in a patient managed with relatively low
PEEP could make it easier to reach safe settings including low
plateau pressure, low driving pressure and tidal volume around
6ml/kg’. If we put this altogether with the decreased pul-
monary vascular response to hypoxia, a low prevalence of RV
failure could be expected. Finally, in the absence of RV dys-
function, patients with preserved left ventricle function can
maintain a cardiac output enough to keep an adequate oxy-
gen delivery. Therefore, deciding starting ECMO based only on
Pa0O; may not be adequate to cover the entire physiologic pro-
cess in some patients with severe respiratory insufficiency in
the context of COVID-19. This resolution should be adjusted
to the current recommendations regarding the availability of
resources.®

Another important finding of this case is the apparently
low O, extraction which could be compatible with low sys-
temic involvement at least at the disease stage at which the
patient was. Also this could be due to the adequate sedation
and the use neuromuscular blockade. In this context we would
like to highlight that oxygen delivery depends essentially on
cardiac output, hemoglobin concentration and Sa0O,. There-
fore in patients without risk of low cardiac output, taking into
account Sa0, /FiO; instead of Pa0O,/FiO, could be a better index
when taking the decision of escalating toward therapies such
as ECMO.

Finally, we would like to remark that despite the severity
of the hypoxemia in this patient, he did improve with con-
ventional therapies. Moreover, in spite of the doubts regarding
the usefulness of prone positioning in the presence of good
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