& frontiers | Frontiers in Medicine

@ Check for updates

OPEN ACCESS

EDITED BY
Ivan Pavlov,
Hopital de Verdun, Canada

REVIEWED BY

Miguel Ibarra-Estrada,

Civil Hospital of Guadalajara, Mexico
Stanislav Tatkov,

Fisher & Paykel Healthcare,

New Zealand

*CORRESPONDENCE
Jessica S. Whittle
whittle jessica@gmail.com

SPECIALTY SECTION
This article was submitted to
Intensive Care Medicine and
Anesthesiology,

a section of the journal
Frontiers in Medicine

RECEIVED 14 October 2022
accepTeD 21 November 2022
PUBLISHED 02 December 2022

CITATION

Sciarretta C, Greenberg J, Wyatt KD
and Whittle JS (2022) Back to basics
with newer technology: Should we
focus on reducing work of breathing
earlier? Front. Med. 9:1070517.

doi: 10.3389/fmed.2022.1070517

COPYRIGHT

© 2022 Sciarretta, Greenberg, Wyatt
and Whittle. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiersin Medicine

TYPE Perspective
PUBLISHED 02 December 2022
pol 10.3389/fmed.2022.1070517

Back to basics with newer
technology: Should we focus on
reducing work of breathing
earlier?

Christopher Sciarretta®, Jeremy Greenberg?, Kara D. Wyatt?
and Jessica S. Whittle*>*

!Department of Emergency Medicine, University of Tennessee College of Medicine, Chattanooga,
TN, United States, 2Department of Respiratory, Critical Care, and Sleep Medicine, University of
Tennessee, Chattanooga/Erlanger Health, Chattanooga, TN, United States, *Scientific Consultant,
Chattanooga, TN, United States, “*Department of Emergency Medicine, University of Tennessee -
Chattanooga, Chattanooga, TN, United States, *Vapotherm, Inc., Exeter, NH, United States

The typical approach to management of respiratory distress is focused on
oxygen supplementation. However, additional oxygen alone does not improve
outcomes, particularly in critically ill patients. Instead, supplemental oxygen
can be associated with increased morbidities. We present the hypothesis
that clinicians should focus on reducing the work of breathing early in the
course of critical illness. Rather than simply supplementing oxygen, newer
technologies including high flow nasal oxygen, may be utilized to increase the
efficiency of gas exchange. By reducing the work of breathing, the cardiac
workload can be reduced, thus relieving some excess physiologic stress
and supporting the critically ill patient. To illustrate this point, we provided
three clinical cases of respiratory failure from non-pulmonary origins; all
cases displayed hemodynamic improvement due to reducing the work of
breathing through high-velocity therapy prior to receiving definitive therapy
for underlying pathologies.
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Introduction

The relationship between work of breathing and hemodynamics is exceedingly
complex, and the relationship is dynamic throughout the course and severity of illness.
Moreover, actual measurement of work of breathing is difficult in a clinical setting,
particularly in a non-mechanically ventilated patient. These challenges have led to
clinicians using surrogate clinical signs as indicators of increased work of breathing
including respiration rate, use of accessory muscles, and voluntary changes in body
position. Clinical signs of high work of breathing (WOB) can be key early indicators
of poor prognosis. However, these signs are often poorly recognized when not associated
with hypoxemia.
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While it is impossible to quantify the prevalence of
increased work of breathing due to illness, dyspnea is the
chief complaint for roughly 4 million emergency department
(ED) visits annually in the United States (1). The etiology
of dyspnea is not limited to the pulmonary system and may
results through interactions of multiple organ systems and
underlying pathophysiology, including the cardiovascular
system, hematologic abnormalities, neurological illnesses,
metabolic irregularities, and psychogenic causes (2). Metabolic
acidosis leads to compensatory increase in tidal volume and
respiratory rate (3). Regardless of the etiology in critically ill
patients, the necessary cardiac output and oxygen consumption
can increase the metabolic cost of breathing by up to 25%
(4, 5). One of the potential repercussions of sustaining a high
metabolic cost of breathing is that blood may be shunted from
the heart, brain, liver, kidneys, and gastrointestinal system
ultimately contributing to multi-organ system failure (6).

Efforts to quantify work of breathing non-invasively using
readily available clinical data have yielded several clinical tools
and scoring systems (7-10). Respiratory rate is one element
included in all such scoring systems, and a growing body of
literature suggests that evidence of increased breathing work
may be one of the most important prognostic indicators for
identifying patients at risk for critical illness and poor outcomes
(11-14). Increased respiratory rate has been shown to predict
cardiac arrest/failure and in-hospital mortality (11, 13, 14).

When a patient is identified as exhibiting signs of
increased work of breathing, the most common approach is
to provide supplemental oxygen, usually by low-flow nasal
cannula. However, this intervention alone may not be sufficient
(15). It is imperative to recognize that neither dyspnea nor
increased work of breathing are equivalent to hypoxia. While
hypoxemic patients benefit from oxygen supplementation,
additional oxygen alone has not been shown to improve
clinical outcomes in non-hypoxic patients (15-18). Collectively,
clinicians have focused on making oxygen delivery supranormal
with hyperoxia, fluids, blood transfusion, and vasoactive drugs;
however, this has been unsuccessful in improving patient
outcomes and may pose potential harms (15, 18-21).

Perhaps, the focus of care for these patients should
be broader. Instead of simply providing additional oxygen,
supporting improved gas exchange may be more clinically
significant. When clinicians increase the efficiency of gas
exchange, work of breathing and total oxygen consumption
(VO3) decrease, making oxygen delivery (DO2) more efficient.
This concept is well-described in mechanically ventilated
critically ill patients (6), but more recent advances may allow
support of patients earlier in the course of illness using
noninvasive high flow nasal oxygen (HFNO) systems. Broadly,
HENO utilizes flow rates up to 60+ L/min of air with FiO,
up to 100%. High-velocity nasal insufflation (HVNI) is a
subtype of HFNO that utilizes a small-bore nasal cannula with
lower flow rate. The gas has greater kinetic energy leading
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to a larger flush of the large airways (22) and a different
FDA classification (DEN170001). The clinical impact of these
mechanistic differences remains unclear.

Recent data suggest that HFNO usage in sepsis and septic
shock patients significantly decreased respiratory effort and
drive compared to low-flow oxygen users (23). Therefore, early
HENO usage in patients with increased work of breathing
may lead to improved patient outcomes. Here, we present
three cases of patients who were supported with HVNI
prior to definitive therapy for various underlying pathologies.
All displayed improvement of vital signs and lactate levels,
presumably through reduced work of breathing.

Case description
Case 1l

A 23-year-old female with diabetes mellitus type-1 presented
to the ED with abdominal pain, vomiting, and dyspnea. On
initial presentation, the patient was afebrile with the following
vital signs: blood pressure (BP) 103/64 mmHg, heart rate
(HR) 130 beats/min, and respiratory rate (RR) 36 breaths/min.
Despite a normal SpOs, this patient had severe increased work of
breathing evidenced by tachypnea, use of accessory respiratory
muscles, and thoracoabdominal asynchrony. Pertinent lab
findings showed hyperglycemia to 1,608 mg/dL, hypokalemia to
2.9 mmol/L, Bicarbonate <5 mmol/L, anion gap of 29 mmol/L
with an initial lactate of 8.6 mmol/L. Initial arterial blood
gas (ABG) showed an uncompensated metabolic acidosis or a
metabolic acidosis with a subtle respiratory acidosis. Given the
patients tachypnea in the setting of metabolic derangements,
the decision was made to administer HVNI at a flow rate of 40
L/min and 21% FiO; to offload the patient’s work of breathing.
After 10 min, the patients HR decreased to 107 beats/min and
her RR decreased to 25 breaths/min; repeat blood gas was
obtained 30 min after HVNI administration, which displayed
improvements in acidosis (pH 7.15), bicarbonate of 15 mmol/L,
and lactate of 4.5 mmol/L. These improvements occurred prior
to the administration of insulin, fluids, or potassium chloride.
Supporting the patient’s respiratory efforts and reducing work
of breathing using HVNI stabilized the clinical situation, which
allowed the clinical team to focus on source control.

Case 2

A 51-year-old female with alcoholic cirrhosis presented
to the ED with hematemesis and abdominal distension. The
patient was initially hypotensive (80/38 mmHg), tachycardic
(127 beats/min), and tachypneic (35 breaths/min). Pertinent
labs included a hemoglobin of 8.4 g/dL, bilirubin of 16 mg/dL,
bicarbonate of 8 mmol/L, PaCO; of 30 mmHg, lactate of 11
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mmol/L, and pH 7.16. The patient was started on HVNI with
a flow rate of 40 L/min and 50% FiO,. Within 10-15 min, the
patient’s heart rate decreased to 103 beats/min, RR improved
to 23 breaths/min, PaCO; decreased to 18 mmHg, and lactate
improved to 8 mmol/L. Improvements all occurred prior to
definitive therapy for esophageal and gastric varices (including,
but not limited to, blood transfusion, administration of
ceftriaxone and octreotide, and esophagogastroduodenoscopy).

Case 3

A 38-year-old male with hypertension, type 2 diabetes
mellitus, heart failure with preserved ejection fraction (HFpEF),
sleep-disordered breathing (combined obstructive sleep apnea
and obesity hypoventilation syndrome), and severe obesity (BMI
> 60) presented to the ED with confusion. Initial vitals included
a blood pressure of 105/48 mmHg, HR 86 beats/min, and
RR 28 breaths/min. Pertinent labs were noted for WBC 13 x
10°%/L, sodium 128 mmol/L, bicarbonate 27 mmol/L, creatinine
4 mg/dL, and a lactate of 4.8 mmol/L. ABG showed a pH of
7.35 and PaCO; of 53 mmHg. After initiation of HVNI at a
flow rate of 30 L/min and 50% FiO;, the patients heart rate
improved to 80 beats/min, RR reduced to 23 breaths/min, and
lactate improved to 2.2 mmol/L after 10-15min, prior to the
initiation of definitive therapy.

Discussion

Herein we report three distinct cases where mitigating work
of breathing by HVNI during source control management likely
prevented the need for mechanical ventilation and improved
clinical status. Signs of increased work of breathing should be
more readily considered to be an early warning sign for the
decompensation of hospitalized patients (24, 25). Therefore,
we believe clinicians should begin to equate clinical signs of
increased work of breathing with the need to initiate gentle
supportive therapy. If possible, this intervention should occur
even prior to obvious severe acidosis.

Changes in the work of breathing are of particular
importance in critical illness. At rest, the proportion of cardiac
output required to support breathing is negligible. However,
work of breathing can require up to 25% of the total cardiac
output in critical illness (5). Reducing the work of breathing
may alleviate some of the physiologic stress of the patient,
preventing fatigue and loss of reserve capacity. High flow nasal
oxygen has been shown to flush large airways, functionally
reduce anatomic dead space, and reduce work of breathing
(25-27). A randomized crossover study of 12 patients under
four different conditions showed significant reduction in work
of breathing with HFNO at 60 L/min. Esophageal pressure
variation, esophageal pressure-time product/min, and work of
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breathing/min all decreased significantly while dynamic lung
compliance increased (28). Additionally, Mauri et al. studied
25 patients with extrapulmonary sepsis or septic shock and
found that, when compared with low flow oxygen, treatment
with HFNO led to significantly decreased respiratory effort and
respiratory drive (23).

In a multicenter study of patients with moderate or
severe COPD, treatment with HVNI reduced RR by 28%
and significantly reduced PaCO, and accessory muscle usage
(29). This suggests that HVNI improves gas exchange even in
those with significant ventilatory impairment. These data, in
combination with the cases reported here, provide early evidence
that HVNI can reduce work of breathing. This support may
slow the progression of decompensation in some patients with
critical illness until definitive therapies take effect. Collectively,
these cases raise the hypothesis that expanded use of HFNO
may benefit some patients with non-pulmonary causes of severe
illness who exhibit signs of increased work of breathing.

Conclusions

The cases described illustrate the concept that clinicians
should consider respiratory support early in the care of patients
with evidence of increased work of breathing, even if the
underlying cause is not pulmonary in origin and/or there
is no overt hypoxemia or hypercapnia. Early intervention
with HFNO is a non-invasive way to improve gas exchange,
supporting the correction of metabolic acidosis as well as
oftloading the percentage of cardiac output that is being utilized
for breathing. This concept warrants further study to identify
appropriate patient populations and treatment strategies as well
as characterize potential clinical and economic impacts.
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