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Summary

Given the important role of patient-ventilator assessments in ensuring the safety and efficacy

of mechanical ventilation, a team of respiratory therapists and a librarian used Grading of

Recommendations, Assessment, Development, and Evaluation methodology to make the following rec-

ommendations: (1) We recommend assessment of plateau pressure to ensure lung-protective ventilator

settings (strong recommendation, high certainty); (2) We recommend an assessment of tidal volume

(VT) to ensure lung-protective ventilation (4–8 mL/kg/predicted body weight) (strong recommendation,

high certainty); (3) We recommend documenting VT as mL/kg predicted body weight (strong recom-

mendation, high certainty); (4) We recommend an assessment of PEEP and auto-PEEP (strong recom-

mendation, high certainty); (5) We suggest assessing driving pressure to prevent ventilator-induced

injury (conditional recommendation, low certainty); (6) We suggest assessing FIO2
to ensure normoxe-

mia (conditional recommendation, very low certainty); (7) We suggest telemonitoring to supplement

direct bedside assessment in settings with limited resources (conditional recommendation, low certainty);

(8) We suggest direct bedside assessment rather than telemonitoring when resources are adequate (con-

ditional recommendation, low certainty); (9) We suggest assessing adequate humidification for patients

receiving noninvasive ventilation (NIV) and invasive mechanical ventilation (conditional recommenda-

tion, very low certainty); (10) We suggest assessing the appropriateness of the humidification device

during NIV and invasive mechanical ventilation (conditional recommendation, low certainty); (11)

We recommend that the skin surrounding artificial airways and NIV interfaces be assessed (strong

recommendation, high certainty); (12) We suggest assessing the dressing used for tracheostomy

tubes and NIV interfaces (conditional recommendation, low certainty); (13) We recommend

assessing the pressure inside the cuff of artificial airways using a manometer (strong recommen-

dation, high certainty); (14) We recommend that continuous cuff pressure assessment should not

be implemented to decrease the risk of ventilator-associated pneumonia (strong recommendation,

high certainty); and (15) We suggest assessing the proper placement and securement of artificial

airways (conditional recommendation, very low certainty). Key words: Guidelines; Mechanical
Ventilation; Evidence-Based Respiratory Care; Patient assessment; Physical examination; Adjustments;
Stability; Safety; Trends; Auscultation; Patient distress; Dyspnea. [Respir Care 2024;69(8):1042–1054. ©
2024 Daedalus Enterprises]
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Introduction

Clinicians assess patients requiring mechanical venti-

lation at regular intervals as part of a patient-ventilator

assessment (PVA). This has historically been called a

ventilator system check, ventilator check, or other local

descriptions.1 These terms do not emphasize the impor-

tance of evaluating the patient and do not encompass all

the essential aspects of ensuring patient safety while

receiving noninvasive ventilation (NIV) or invasive me-

chanical ventilation. The PVA is important to ensure

effectiveness and safety of mechanical ventilation. We

use the following definition of PVA for this clinical practice

guideline (CPG): A PVA is a comprehensive assessment,

done at regular intervals by a clinician, for a patient receiv-

ing NIV or invasive mechanical ventilation. It includes an

assessment by physical examination of bedside physiologic

data, of the airway, of ventilator settings and monitoring

from the ventilator, and of humidification. These assess-

ments are used to modify care as needed. It also includes

documentation of these findings and modifications of care

in the medical record. More detailed components of a PVA

are shown in Figure 1. Most importantly, the focus of a PVA

is on the patient rather than the ventilator.

The American Association for Respiratory Care (AARC)

published a CPG entitled “Patient-Ventilator System Checks”
in 1992.2 The evidence related to PVA has evolved since that

time, but questions remain. There is a need for an updated

CPG to improve clinical practice and guide clinicians

worldwide. By focusing on key assessments and observations

performed by skilled bedside clinicians, patient outcomes can

be improved. In 2003, Akhtar et al3 reported considerable

variability in documentation practices by respiratory thera-

pists (RTs) caring for patients receiving mechanical ventila-

tion. Also, important aspects of lung-protective ventilation

such as plateau pressure (Pplat) and other parameters are

recorded inconsistently.4,5 A British study published during

the COVID-19 pandemic assessed current practices on a

global scale and reported data from 40 countries across 6

continents.6 The authors found that ventilator support prac-

tices varied greatly, with limited use of standardized proto-

cols. Furthermore, most clinicians were dependent upon

isolated and wide-ranging management guidelines in caring

for patients with COVID-19.

Despite the CPG published in this Journal in 1992,2 var-

iations in practice related to PVAs are pervasive. PVAs

must be aligned with best practices. The purpose of this

CPG is to provide evidence-based recommendations that

impact patient care. Second, the important role that bedside

clinicians demonstrate through their assessments needs to

be further stressed.

Methods

Clinical Practice Guidelines Panel Composition and

Disclosures

The methodologist, in consultation with the managing

editor of RESPIRATORY CARE, identified potential panelists

based on demonstrated expertise in critical care, affiliation

with an academic medical center, and potential to contribute

to a systematic review on PVA. The panel consisted of 6

RTs and a health sciences librarian with experience per-

forming systematic literature reviews. Conflict-of-interest

disclosure forms were reviewed, and no disqualifying con-

flicts were noted (see related supplementary materials at

http://www.rcjournal.com).

Formulation of PICO Questions and Outcomes

Prioritization

At the initial meeting, all members participated in a free

association discussion about PVA. From this exercise,

clinical questions were chosen based on perceived
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importance and priority. Major themes were noted, and

questions were consolidated where possible into a man-

ageable workflow. The themes that emerged were safety,

artificial airway assessment, resource allocation, and

patient-oriented outcomes. Four population, intervention,

comparators, and outcomes (PICO) questions were selected

from these themes. After discussion and refinement of the

PICO questions, outcomes were narrowed to ventilator-free

days (VFDs), patient safety, and mortality. Agreement was

used to assess interrater variability among committee mem-

bers.7 The protocol for this systematic review was registered

on PROSPERO (CRD42022384688). Details of the PICO

questions considered here are shown in Table 1.

Literature Review, Study Selection, and Data Analysis

The librarian created search strategies based on target

articles and keywords limited to publications in the English

language. The databases searched were PubMed/MEDLINE,

the Cochrane Database of Systematic Reviews, Embase, and

CINAHL. The last update was performed on July 14, 2023

(see related supplementary materials at http://www.rcjournal.

com). The returned references were screened for inclusion in

Rayyan (https://rayyan.ai Accessed June 12, 2024). Inclusion
criteria included all age groups and from all countries,

randomized controlled trials (RCTs), systematic reviews,

observational studies, and the English language. Exclusion

criteria included non-ventilated subjects, animal studies, nar-

rative reviews, case series, retrospective cohort studies, and

laboratory studies (see related supplementary materials at

http://www.rcjournal.com). For each PICO question, at least

2 RTs screened studies in Rayyan; and once the initial screen-

ing was completed, the references were moved to EndNote

(Clarivate, Philadelphia, Pennsylvania) to resolve conflicts

and to manage full-text articles. Conflicts were resolved via

discussion among panel members or by a third member of

Table 1. Details for Population, Intervention, Comparators, and Outcomes Questions That Are Addressed in this Clinical Practice Guideline

Population Intervention Comparison Outcome

1 Patients receiving invasive

mechanical ventilation.

Assessment of lung-protective

ventilation.

No assessment of

lung-protective ventilation.

Mortality

2 Patients receiving noninvasive or

invasive mechanical ventilation.

Remote (telehealth) PVA. Bedside assessment. Concordance with bedside assess-

ment, cost, patient satisfaction

3 Patients receiving noninvasive or

invasive mechanical ventilation.

Assessing patients for adequate

humidity.

Not assessing patients for

adequate humidity.

Airway occlusion, cost,

pneumonia, mortality

4 Patients receiving noninvasive or

invasive mechanical ventilation.

Assessing the artificial

airway/interface.

Not assessing the artificial

airway/interface.

Skin breakdown, airway injury,

comfort

PVA ¼ patient-ventilator assessment

Physiologic Data
• Oxygenation
• Ventilation
• Hemodynamics
• Neurologic

Patient–Ventilator
Assessment

Airway
• Fit
• Security
• Patency
• Skin integrity

Ventilator
• Settings/alarms
• Graphics
• Mechanics
• Synchrony

Humidification
• Type
• Adequacy
• Secretions

Documentation
• Findings
• Assessment
• Adjustments

Physical Exam
• Inspection
• Palpation
• Percussion
• Auscultation

Fig. 1. Essential components of a patient-ventilator assessment.
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the panel. Data were extracted and entered into an Excel

spreadsheet (Microsoft, Redmond, Washington) for review

by the full committee.

Development of Clinical Practice Guidelines

For each PICO question, the committee developed rec-

ommendations based on the Grading of Recommendations,

Assessment, Development, and Evaluation (GRADE) meth-

odology (https://gdt.gradepro.org/app/handbook/handbook.

html Accessed June 10, 2024).8 Recommendations for each

PICO question considered the quality of evidence, a balance

of desirable and undesirable effects, assumptions of patient

values and preferences, use of resources, health equity, accept-

ability of an intervention, and the feasibility of implementa-

tion. The certainty of effect estimates for each outcome were

then categorized as high, moderate, low, or very low accord-

ing to the GRADE process. Evidence tables were created to

assess the quality of the evidence (see related supplementary

materials at http://www.rcjournal.com). The committee

discussed recommendations and their strength until agree-

ment on the final wording and rationale with qualifications

for each PICO question was reached. Recommendations

were designated as strong or conditional, and the terminol-

ogy “we recommend”was used for strong recommendations

and “we suggest” for conditional recommendations.

Further descriptions and details of the methodology used

can be found in the online supplementary materials.

PICO 1

Does the assessment of lung-protective ventilation reduce

mortality?

Background. During mechanical ventilation, selecting and

monitoring various parameters, including the mode, breathing

frequency, tidal volume (VT), Pplat, inspiratory pressure,

PEEP, breath cycling criteria, and FIO2
, is required.9 The con-

cept of lung-protective ventilation is an umbrella term that

includes targeting physiologic VT based on predicted body

weight, limiting the end-inspiratory Pplat to # 30 cm H2O,

appropriate PEEP, limiting driving pressure, and detecting

excessive patient effort (Table 2). Physiologic VT in

humans is 4–8 mL/kg/predicted body weight. The ARDS

Network (ARDSNet) reported a significant reduction in

mortality (9% absolute reduction) in adults with ARDS

when targeting 6 mL/kg/predicted body weight (Pplat # 30

cm H2O) compared to 12 mL/kg/predicted body weight

(Pplat # 50 cm H2O).
9 The use of PEEP in various disease

states is controversial; however, appropriate PEEP should

be set to avoid the opening and closing of alveoli during the

respiratory cycle (atelectrauma) without contributing to al-

veolar overdistention.10

Summary of the Evidence. Lung-protective ventilation in patients
without ARDS. Serpa-Neto et al10 conducted a meta-analysis

of adult subjects enrolled among 20 RCTs (n ¼ 2,822) to

compare lower versus higher VT. Their analysis found that

lower VT resulted in lower mortality (6.5% vs 10.7%; rela-

tive risk 0.64 [95% CI 0.46–0.86]) and was associated with

a reduction in the development of lung injury (relative risk

0.33 [95% CI 0.23–0.47]) but did not shorten the duration of

mechanical ventilation (standardized mean difference 0.48

[95% CI �0.53 to 1.27] d). Also, lower VT was associated

with improvements in pulmonary infections, atelectasis, and

hospital length of stay (LOS). There were no differences in

gas exchange or oxygenation as measured by the PaO2
/FIO2

.

A systematic review and meta-analysis by De Monnin

et al11 of lower versus higher VT in emergency departments

included 11 studies of 12,912 adult subjects. Lower VT was

associated with decreased mortality (odds ratio 0.80 [95%

CI 0.72–0.88]), decreased hospital LOS (mean difference

�1.0 [95% CI�2.3 to�0.1] d), increased VFDs (1.4 [95%

CI 0.4–2.4] d), decreased development of ARDS, and

Table 2. Parameters to Be Monitored to Ensure Lung-Protective

Ventilation

Parameter Population Practice

VT All Assess expired VT

Target 4–8mL/kg/PBW

Adjust if outside range

Pplat All Assess Pplat

Limit to # 30 cm H2O (adult)

Limit to # 28 cm H2O (pediatric)

Adjust settings if elevated

PEEP All Assess PEEP and auto-PEEP

Regardless of the approach used for

PEEP selection, use higher PEEP in

adults with moderate and severe

ARDS and lower PEEP with mild

ARDS.

Use ARDSNet PEEP:FIO2
table in

children with ARDS

No specific PEEP target in those with-

out ARDS

Adjust settings if auto-PEEP is

present

Driving

pressure

All Assess driving pressure

Target # 15 cm H2O

Adjust settings if elevated

FIO2
All Assess oxygenation and FIO2

Avoid hypoxemia and hyperoxemia

Adjust FIO2
as needed

Other settings All Evaluate and adjust to achieve

clinical goals

VT ¼ tidal volume

PBW ¼ predicted body weight

Pplat ¼ plateau pressure

ARDSNet ¼ ARDS Network
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shorter ICU LOS (mean difference �1.0 [95% CI �1.7 to

�0.3] d). No studies evaluating VT in children without

ARDS and no studies evaluating VT in neonates without re-

spiratory distress syndrome were found.

Lung-protective ventilation in patients with ARDS. Petrucci

and De Feo12 conducted a systematic review and meta-

analysis of 1,297 adult subjects enrolled in 6 RCTs. Lower

(< 7 mL/kg) versus higher VT (10–15 mL/kg) reduced hos-

pital mortality (relative risk 0.80 [95% CI 0.69–0.92]), no

difference in weighted mean difference (WMD) for duration

of mechanical ventilation (WMD �0.83 [95% CI �1.92 to

0.27] d), and no difference in mortality when Pplat was kept

# 31 cm H2O (relative risk 0.80 [95% CI 0.88–0.92]).

Walkey et al13 performed a network meta-analysis and found

a decrease in mortality for lower VT (relative risk 0.80 [95%

CI 0.66–0.98]). However, this was not statistically significant

when open lung trials were excluded (relative risk 0.87 [95%

CI 0.70–1.08]), and the authors did not evaluate the duration

of mechanical ventilation or other secondary outcomes.

The Pediatric Acute Lung Injury Consensus Conference

(PALICC) guideline14 suggested physiologic VT (6–8 mL/kg)

in children with ARDS with a conditional recommendation

(very low certainty). No RCTs in children with ARDS were

noted; therefore, outcomes are unclear. No identified studies

evaluating VT in neonates with ARDS or respiratory distress

syndrome were found.
PEEP in Patients With ARDS. Dianti et al15 conducted a net-

work meta-analysis of 4,646 adult subjects enrolled in 18

RCTs and found that higher levels (vs lower levels) of

PEEP were associated with a lower mortality rate in adults

with moderate to severe ARDS. A high certainty for a bene-

fit for higher PEEP without recruitment maneuvers was

associated with lower mortality (relative risk 0.77 [95% CI

0.60–0.96]). In a systematic review and meta-analysis,

Briel et al9 reported that in subjects with moderate to severe

ARDS (n ¼ 1,892) mortality was 34.1% in the higher

PEEP group and 39.1% in the lower PEEP group (adjusted

relative risk 0.90 [95% CI 0.81–1.00]). In subjects with

mild ARDS (n ¼ 404), mortality was 27.2% in the higher

PEEP group and 19.4% in the lower PEEP group (adjusted

relative risk 1.37 [95% CI 0.98–1.92]). The groups did not

differ in rates of pneumothorax, hospital deaths following

pneumothorax, use of vasopressors, or number of days with

unassisted breathing during the first 28 d of the study. The

European ARDS guidelines, updated in 2023, were unable to

make a recommendation for or against higher versus lower

PEEP to reduce mortality in patients with ARDS.16

It is also important to assess auto-PEEP (intrinsic PEEP,

occult PEEP). Auto-PEEP is particularly problematic in

patients with obstructive lung disease, where its presence

contributes to dynamic hyperinflation, leading to alveolar

overdistention, hemodynamic compromise, and resulting in

an increased trigger threshold.17,18 Auto-PEEP can also result

in decreased venous return and hemodynamic compromise.
PEEP in Children With ARDS. No RCTs or systematic

reviews were found. However, Khemani et al19 evaluated

databases from multiple centers regarding PEEP in children

with ARDS (n ¼ 1,134). Those who were managed with

PEEP lower than the recommended level from the

ARDSNet PEEP:FIO2
table had increased mortality (odds

ratio 2.05 [95% CI 1.24–3.22]) and fewer VFDs (15.6

[95% CI 0–21.2] d vs 17.4 [95% CI 3.0–22.1] d). The

PALICC guidelines recommend that PEEP be titrated to

oxygenation, hemodynamics, and compliance measure-

ments and suggest maintaining PEEP at or above the level

recommended by the ARDSNet protocol. No studies eval-

uating PEEP in neonates were found.
Driving Pressure. Driving pressure is the difference between

Pplat and total PEEP. Amato et al20 reviewed data from

3,562 adult subjects with ARDS enrolled in RCTs to eval-

uate the impact of day 1 driving pressures on mortality.

Driving pressure was significantly associated with mortal-

ity (relative risk 1.41 [95% CI 1.31–1.51]), and neither the

VT (relative risk 1.02 [95% CI 0.95–1.10]) nor PEEP (rel-

ative risk 1.03 [95% CI 0.95–1.11]) was associated with

mortality. A systematic review and meta-analysis21 con-

firmed these results (relative risk 1.44 [95% CI 1.11–1.88])

across 7 studies (5 secondary analyses and 2 observational

studies). Costa et al22 assessed driving pressure, VT, breath-

ing frequency (f), and mortality in 4 systematic reviews and

meta-analyses with 4,549 subjects and found that all 3

parameters were associated with mortality. The effect

size for each cm H2O increase in driving pressure was

about 4 times greater than that of each 1 breath/min increase

in f, leading to higher mortality. In children, the PALICC

guidelines recommended that driving pressure be limited to

< 15 cm H2O.
23 No studies evaluating driving pressure were

found in neonates.
FIO2

. In 2022, an AARC CPG recommended an SpO2

range of 94–98% for general critically ill patients and an

SpO2
range of 88–93% for patients with ARDS, especially

when the FIO2
is > 0.7.24 Cumpstey et al,25 in a systematic

review and meta-analysis, found that normoxemia versus

hyperoxemia was associated with decreased mortality,

(odds ratio 0.73 [95% CI 0.57–0.97]). In children, the

PALICC guidelines recommend an SpO2
range of 92–97%

with mild or moderate ARDS, and an SpO2
< 92% can be

accepted in children with severe ARDS.23 However, an

ungraded good practice statement states to avoid hypoxemia

(SpO2
< 88%) or hyperoxemia (SpO2

> 97%) in mechanically

ventilated children.14 There were no recommendations in the

AARC pediatric oxygen therapy CPG regarding FIO2
.26 No

studies were found evaluating FIO2
in neonates. Furthermore,

no studies evaluating f, inspiratory-expiratory (I-E) ratio,

inspiratory flow, and inspiratory time were found.
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Although we did not identify any evidence directly eval-

uating whether the assessment of lung-protective ventilation

improves outcomes, it is reasonable to adopt mechanical

ventilation practices shown to reduce the risks of mortality

and complications. Therefore, assessments of patients receiv-

ing mechanical ventilation should focus on lung-protective

ventilation.

Recommendations

1. We recommend the assessment of Pplat to ensure lung-

protective ventilator settings (strong recommendation,

high certainty).

2. We recommend an assessment of VT to ensure lung-

protective ventilation (4–8 mL/kg/predicted body weight)

(strong recommendation, high certainty).

3. We recommend documenting VT as mL/kg predicted

body weight (strong recommendation, high certainty).

4. We recommend an assessment of PEEP and auto-PEEP

(strong recommendation, high certainty).

5. We suggest assessing driving pressure to prevent venti-

lator-induced injury (conditional recommendation, low

certainty).

6. We suggest assessing FIO2
to ensure normoxemia (con-

ditional recommendation, very low certainty).

Justification and Implementation Considerations. Imple-

mentation of lung-protective ventilation is a priority due to the

important benefits for all patients (Table 2). Each PVA should

evaluate VT, Pplat, PEEP, auto-PEEP, driving pressure, FIO2
,

and other parameters. Parameters should be documented in the

medical record as well as any changes resulting from the

assessment. VT should be documented in mL/kg/predicted

body weight in addition to the absolute volume. Hospital qual-

ity assurance initiatives should track adherence to lung-pro-

tective practices and empower bedside clinicians to adjust

ventilator settings using non-physician–directed protocols.

Note that we do not make recommendations regarding

the long list of ventilator settings commonly included in

a traditional ventilator check. In the United States, many of

these are captured automatically and placed into the elec-

tronic medical record. As best practice, hospitals should

continue to capture these settings in the medical record

such as, but not necessarily limited to, mode, f, inspiratory

time, I-E, peak inspiratory pressure, trigger sensitivity,

alarm settings, and others. Each hospital needs to determine

which ventilator settings and monitored values should be

included. This is determined by the specific ventilator

brands that are used and local culture. Our goal in this

CPG is not to create an exhaustive list of what settings

should be documented (ventilator check) but rather to

focus on PVA to ensure lung-protective ventilation.

Future Research Opportunities. Future research opportuni-

ties include incorporating additional technology such as electri-

cal impedance tomography, esophageal manometry, electrical

activity of the diaphragm, and lung ultrasound into PVAs to

assess their impact.27-33 Lung- and diaphragm-protective venti-

lation, mechanical power, and excessive inspiratory effort

(patient self-induced lung injury) are also important areas to

evaluate for their potential impact on patient outcomes.22,30,34-37

PICO 2

Does remote (telehealth) PVA versus bedside assessment

result in similar outcomes?

Background. Telemedicine is the use of medical informa-

tion exchanged from one site to another via communica-

tions to access a patient’s clinical health status.38 In 2021, it

was estimated that approximately 15% of intensive care

beds in the United States were monitored by telemedicine

programs.39 In 2016, the European Respiratory Society

(ERS) addressed telemonitoring of ventilator-dependent

patients due to the paucity of high-level evidence and lack

of confidence from a reliance on anecdotes.40 The ERS

adopted terminology and definitions and discussed legal

issues associated with telemonitoring and other ethical and

technical standards for consideration before implementation

of telemonitoring. Telemedicine is traditionally staffed by

physicians, advanced practice providers, nurses, and pharma-

cists. Telerespiratory services in the United States are expand-

ing to provide remote set-up and adherence monitoring for

CPAP in patients with obstructive sleep apnea, NIV follow-

up in the home; and support for in-patient care teams in crit-

ical access facilities and skilled nursing facilities. A recent

study included RTs in a telecritical care service and found

that a telemedicine RT service can support bedside RTs,

effectively monitor best practice bundles, and assist RTs

with PVAs.41 Despite the potential benefits that a telerespir-

atory service might provide, their benefits in terms of

patient outcomes and cost savings are yet to be evaluated.

Summary of the Evidence. We identified 4 studies (Table

3), with 2 related to home mechanical ventilation. Pinto et

al42 included 40 subjects with amyotrophic lateral sclerosis

receiving NIV in which adherence and ventilator parame-

ters were assessed during office visits in the control group,

and the intervention group received a modem device con-

nected to the ventilator in their home. Subjects were ran-

domly assigned to one of 2 groups according to their

residential area. Findings indicated that changes to NIV set-

tings decreased (P < .001); office visits decreased from an

incidence density of 9.01 to 3.02 in the intervention group

(P < .001); emergency department visits (P < .001) and

hospital admissions were lower (P < .001), and there was

no difference in mortality (P ¼ .13). Bertini et al43 included
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16 subjects receiving mechanical ventilation $ 8 h/d for at

least 1 y. This pilot study was to test telemonitoring in the

home when supervised by a physician in an ICU versus

scheduled office visit every 2 months. Telemonitoring was

feasible and effective in adherence, subject satisfaction

(P¼ .02), decreased emergency department visits, and health

care utilization.42,43 The other 2 studies, from acute care cen-

ters, related to invasive mechanical ventilation. Bell et al44

included neonatal and pediatric critical care subjects. RTs

were randomized to telemonitoring or bedside assessment.

The agreement among RTs assessing the assessment was

measured and found that telemedicine was less effective for

Table 3. Summary of Evidence for Population, Intervention, Comparators, and Outcomes Question 2, Does Remote (Telehealth) Patient-Ventilator

Assessment Versus Being at the Bedside Result in Similar Outcomes?

Study Design Setting Subjects Outcomes Major Findings

Pinto

et al

201042

Prospective, single-

blinded trial;

assigned according

to residence near

or distant from

the clinic.

Home NIV for

individuals

with ALS.

The control group in

which adherence and

ventilator parameter

settings were assessed

during office visits or

the intervention group

with a modem con-

nected to the

ventilator.

No difference in adher-

ence between groups.

Changes in ventilator

settings were lower in

the telemedicine

group but increased

during the initial

period. Office or

emergency visits and

in-hospital admissions

were significantly

lower in the telemedi-

cine group.

Telemonitoring reduced

health care utilization

in subjects receiving

NIV at home.

Bertini

et al

201243

2-y observational

study.

Home mechanical

ventilation.

16 subjects ventilated

for at least 1 y and

for $ 8 h/d.

Adherence was good in

56% and poor in 44%

of subjects.

Emergency visits were

avoided in

63% of cases.

The satisfaction scores

were higher in adher-

ent versus non-adher-

ent subjects.

The telemonitoring sys-

tem was feasible and

effective in more ad-

herent subjects, who

claimed a high rate

of satisfaction.

Bell

et al

201644

RTs were random-

ized to perform

face-to-face

assessments or

telemedicine

assessments.

Mechanically ventilated

subjects; 5 in neonatal

ICU and 6 in pediatric

ICU.

16 RTs with subspecialty

experience caring

for ventilated

neonates and

children in the ICU.

Agreement of 14

ventilator-derived and

patient-based respira-

tory variables of a

typical mechanically

ventilated patient

assessment.

Telemedicine evalua-

tions agreed well with

face-to-face for 10 of

14 aspects. Poor cor-

relation was noted

for more complex,

patient-generated

parameters.

Pierce

et al

202241

Observational

report of 1 mo.

Tele-ICU service during

COVID covering 320

adult ICU beds in an

academic medical

center; parallel

service to bedside

RTs.

7 RTs Primary: number of

interventions taken

by tele-ICU RT

instead of bedside RT.

Secondary: the

amount of PPE saved

due to substituting

traditional RT service

with eRT.

Over 1,500 interventions

resulted in avoiding

several near-miss

events. Benefits such

as improved protocol-

driven patient care,

elevated health care

system performance,

and lower expense.

NIV ¼ noninvasive ventilation

ALS ¼ amyotrophic lateral sclerosis

RTs ¼ respiratory therapists

Tele-ICU ¼ telemedicine ICU

PPE ¼ personal protective equipment

eRT ¼ telemedicine respiratory therapist
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more complex evaluations (kappa ¼ �0.25 [95% CI �0.46

to �0.04]). Pierce et al,41 in an observational study during

COVID-19, with 1,500 interventions (average assessment

time of 6.1 6 3.8 min), found that RTs providing tele-ICU

from a remote location within the hospital setting improved

protocol-driven subject care, elevated health care system per-

formance, and implied lower expenses. Given the current evi-

dence, it is difficult to determine if similar outcomes are found

between traditional PVAs and respiratory telehealth PVAs.

Recommendations

1. In noninvasively and invasively mechanically ventilated

patients, we suggest the use of telemonitoring to supple-

ment direct bedside assessment in settings of limited

resources (conditional recommendation, low certainty).

2. In noninvasively and invasively mechanically venti-

lated patients, we suggest that direct bedside assessment

rather than telemonitoring be used when resources are

adequate (conditional recommendation, low certainty).

Justification and Implementation Considerations. Overall,

the certainty of evidence from these studies is low. Studies

were small in number of subjects, from a single hospital

setting, and mostly observational. In the Bertini study,43

allocations according to residence near or distant from the

clinic introduced bias. The available evidence suggests a

benefit for telemonitoring in settings of limited resources,

such as what might occur in a rural setting, during a global

pandemic, or in departments with critical staffing limita-

tions. However, telemonitoring cannot be used for more

complex assessments such as auscultation or cuff pressure

measurements. It cannot be used for interventions such as

suctioning the artificial airway or airway repositioning.

These assessments are best addressed with a clinician at the

bedside. Ventilator changes and manipulations, that is, Pplat
or driving pressure measurements, may also be difficult to

perform remotely. Reimbursement for respiratory tele-

health should be addressed.

Future Research Opportunities. Current evidence does not

support that telemonitoring is equivalent to direct bedside

monitoring, and thus, it is not recommended when resources

are adequate. However, the potential benefit of telerespira-

tory programs seems obvious in the setting of limited resour-

ces. It is important to determine the cost-effectiveness of

respiratory telehealth programs. An understanding of the

limitations of care delivered through respiratory telehealth

services needs further investigation, and there is a need to

identify the most effective collaboration models between

respiratory telehealth providers and on-site health care

providers. Furthermore, can technology be leveraged to

improve telemonitoring? And is there a potential for harm?

Research in this area is essential.

PICO 3

Does assessing patients receiving mechanical ventilation

for adequate humidity improve patient outcomes?

Background. Ensuring adequate airway humidification for

patients receiving either NIV or invasive mechanical ventila-

tion is essential to maintain patient safety. When the normal

warming and humidification function of the upper airway is

bypassed with an artificial airway, the inspired gas must be

warmed and humidified before delivery to the patient.45

Whereas NIV does not bypass the upper airway, inadequate

humidification of the inspired gas can lead to intolerance,46

which may lead to NIV failure.47 Commonly reported adverse

outcomes associated with inadequate humidification during

mechanical ventilation include ventilator-associated pneu-

monia (VAP), mucus plugging and airway occlusion, and

mortality.48,49 Thus, the PVA must include assessing parame-

ters associated with adequate humidification.

Summary of the Evidence. No studies were identified that

directly compared assessment of adequate humidification

versus not in mechanically ventilated subjects. Instead, the

literature focused on comparing outcomes for various meth-

ods of humidification. A systematic review49 of studies

comparing heated humidifiers (HHs) versus heat-and-

Table 4. Outcomes for Heat-and-Moisture Exchangers Versus Heated Humidification (Intervention: Heat-and-Moisture Exchanger; Comparison:

Heated Humidifier)

Outcome
Relative Effect

(95% CI)

Subjects, n
(studies, no.)

Certainty of

Evidence (GRADE)

Artificial airway occlusion RR 1.59 (0.60–4.19) 2,171 (15) Low

Pneumonia RR 0.93 (0.73–1.19) 2,251 (13) Low

All-cause mortality RR 1.03 (0.89–1.20) 1,951 (12) Low

Data are presented as relative risk (95% CI).

GRADE ¼ Grading of Recommendations, Assessment, Development, and Evaluation

RR ¼ relative risk

From Reference 49.
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moisture exchangers (HMEs) sought to determine which

device was more effective at preventing airway occlusion,

VAP, and mortality. A total of 34 trials were included,

resulting in the evaluation of data from 2,828 subjects

receiving invasive mechanical ventilation. Three of the

included studies reported data for pediatric subjects. There

was no difference between HHs and HMEs for any of the

outcomes (Table 4). We found no RCTs published after

2017. An observational pre-post HME utilization study

published in 2012 also reported no difference in VAP, dura-

tion of mechanical ventilation, or ICU LOS between HH

and HME.48

We did not identify any studies meeting our inclusion

criteria for NIV. However, a 2012 narrative review states

that appropriate humidification must be provided during

NIV and states that there may be some benefit to utilizing

HHs to ensure adequate humidification, especially in the

acute care setting.47

Recommendations

1. We suggest assessing adequate humidification for

patients receiving NIV and invasive mechanical ventila-

tion (conditional recommendation, very low certainty).

2. We suggest assessing the appropriateness of the humidi-

fication device during NIV and invasive mechanical ven-

tilation (conditional recommendation, low certainty).

Justification and Implementation Considerations. Best prac-

tice regarding the need to assess the adequacy of humidifi-

cation for patients receiving mechanical ventilation may

be self-evident. Nonetheless, inadequate humidification has

significant adverse patient outcomes; and humidification sta-

tus must be evaluated, adjusted, modified, and documented

during a PVA. Bedside assessment of adequate humidifica-

tion is challenging. Several parameters have been suggested

including condensation at the proximal airway, suctioning

frequency, secretion volume and consistency, mucus plug-

ging and endotracheal tube (ETT) occlusion, and increases

in airway resistance.45,46,50

Whereas we noted that HHs or HMEs have similar out-

comes, HME performance varies widely, specifically

related to humidity output. Absolute humidity delivery

from an HME should be > 30 mg H2O/L.
47,51 In a bench

study of 48 different HMEs, Lellouche et al51 reported

that independent assessments of HME humidity output

were consistently lower than manufacturer reports and

that approximately 25% of devices had humidity outputs

less than acceptable. Clinicians must understand that not

all HMEs provide adequate humidification. It is also rec-

ognized that there are some contraindications and cautions

for HME that should be considered when selecting a

method of humidification during mechanical ventilation.

Considerations include quantity and quality of secretions,

additional dead space when employing a lung-protective ven-

tilation strategy, body temperature, presence of leaks, impact

on airway resistance, and patient comfort.46

Future Research Opportunities. Important questions remain

regarding the frequency of assessment of humidification

and the measures of adequate humidification that best pre-

dict undesirable patient outcomes. Inspired airway tempera-

ture, commonly monitored during mechanical ventilation, is

not a surrogate for adequate humidification. Unfortunately,

there currently does not exist a practical means to measure

relative or absolute humidity delivered during mechanical

ventilation; and therefore, we cannot directly address this

PICO question.

PICO 4

Does assessing the artificial airway/interface prevent

complications?

Background. In adults receiving invasive or noninvasive

mechanical ventilation, fundamental components of artifi-

cial airway assessment during a PVA include assessment of

the artificial airway or the interface for NIV. Clinicians

should assess endotracheal/tracheostomy tube size, whether

it is in the correct position, and whether it is adequately

secured. Clinicians should also assess airway patency, cuff

pressure, and skin integrity around the securement device.

Skin pressure injury caused by artificial airways is common

in the ICU, with an estimated 5.5% attributed to tracheos-

tomy tubes.52 Complications related to the tracheostomy

tube include the impairment of neck tissue, scarring around

the incision site, tracheal stenosis, and impairment in

speech and swallowing. ETTs and tube holders contribute

to injury at the mouth, lips, and cheeks, which negatively

impacts the quality of life, increases the LOS, and risks an

increase in mortality.

Skin injury with NIV interfaces occurs due to repeated

friction and contact forces of interfaces against soft facial

tissue and/or prominences within a moist environment.53

For example, an NIV mask impairs facial tissue across the

nose and can cause permanent harm to the patient. Therefore,

the interface should be assessed for appropriate fit, any pres-

sure points, and comfort during each PVA. Given the con-

spicuous location of these injuries, the impact they can have

on quality of life and lack of reimbursement requires atten-

tiveness and diligence. Most pressure injuries or iatrogenic

injuries > stage 3 no longer qualify for reimbursement

through the Centers for Medicare and Medicaid Services.

Clinicians conducting a thorough PVA are providing value-

based patient-centric care, and prevention is, therefore,

essential to eliminate patient complications and added cost

to the organization.52
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Another key element of artificial airway assessment is

cuff pressure. There is concern that insufficient cuff infla-

tion (low cuff pressure) can result in microaspiration of oral

secretions and increase the risk of VAP. The shape of the

cuff and the cuff material have also been engineered to

reduce VAP. Conversely, overinflation of the cuff can

impede capillary blood flow and lead to tracheal injury.

Appropriate cuff pressure to reduce microaspiration and

tracheal injury has been identified as 20–30 cm H2O.
54,55

Consensus on how to measure cuff pressure and with what

frequency has yet to be established.

Summary of the Evidence. Prevention of pressure injury. Moser

et al52 conducted a systematic review and meta-analysis of

10 studies enrolling 2,023 subjects and evaluated interven-

tions that reduced the incidence of tracheostomy-related

injury. When compared with gauze or no dressing, utiliza-

tion of dressings with hydrophilic properties decreased inci-

dence by > half (relative risk 0.45 [95% CI 0.28–0.70],

P ¼ .001). Other interventions, such as hydrocolloid

dressings, hook-and-loop-style securement collars, and

extended-length tracheostomy tubes, were noted to also

reduce injury. However, several interventions were com-

ponents of a bundled-care approach, so the sensitivity of

individual interventions was difficult to assess. Cumulatively,

bundled interventions reduced the incidence of tracheostomy-

related pressure injuries from 17.0% to 3.5% (P< .001).52

To assess the reduction in skin injury associated with

NIV interfaces, Orlov and colleagues53 used computerized

modeling and demonstrated higher protective performance

with foam-based dressings than hydrocolloid dressing.

Brill56 discussed the variety of interfaces commercially

available and the need to assess facial anatomy to determine

the best fit to avoid skin injury and potentially alternating

interface type/size to relieve pressure points. Furthermore,

NIV interface manufacturers need to consider skin and

patient comfort in their designs.
Cuffs and Cuff Pressures. Maertens and colleagues57 eval-

uated the effect of cuff shape on ventilator-associated

events (VAEs). They reviewed 6 RCTs with a primary

outcome of hospital-acquired pneumonia and secondary

outcomes of mortality, duration of mechanical ventilation,

hospital LOS, ICU LOS, and cuff underinflation. No sig-

nificant difference in hospital-acquired pneumonia was

reported between the tapered cuff and standard cuff shape

(odds ratio 0.97 [95% CI 0.73–1.28], P ¼ .81). The

authors noted that the evaluation of tapered cuffs as part of

a bundle with appropriate other measures to reduce VAP

had not yet been studied.

Letvin et al54 evaluated infrequent (after intubation and

then only when indicated) versus frequent (after intubation,

every 8 h, and when indicated) measuring of cuff pressures.

The primary outcome was VAEs. The authors reported a

similar VAE occurrence in the infrequent and frequent

groups (5.8% vs 3.6%, P ¼ .37). Interestingly, there was a

large difference in the number of measurements between

the 2 groups: 336 for the infrequent group and 1,531 for the

frequent group. The authors concluded that the increase in

work load and resource allocation in frequent cuff pressure

monitoring did not impact VAE.54

Another practice that varies is how to measure cuff

pressure. Some rely on palpation of the fullness of the

pilot balloon, minimal occlusive volume, or minimal leak

technique.58 These are inaccurate when compared to analog

or digital pressure manometers.59 In recent years, devices

that measure cuff pressures continuously have been evaluated

in RCTs. Valencia et al60 randomized 142 subjects to ei-

ther continuous regulation of cuff pressure (n ¼ 73) or

cuff pressure measurements every 8 h (n ¼ 69). Dat and

colleagues61 randomized 597 subjects to receive cuff pres-

sure monitoring by manometer or by continuous device.

Marjanovic and colleagues62 randomized 434 subjects

with trauma to either continuous cuff pressure measuring

device (n ¼ 216) or measurements every 8 h (n ¼ 218).

The results of these 3 RCTs were similar. All reported no

reduction in the rate of VAP, intervention 22% versus con-

trol 29% (P ¼ .44),60 intervention 25% versus control

23% (P ¼ .53),61 and intervention 33.8% versus control

29.4% (P ¼ .71).62 Furthermore, there was no benefit for

continuous cuff pressure monitoring for microbiologi-

cally confirmed VAP, distribution of early or late onset

VAP, causative microorganisms, the proportion of intu-

bated days without antimicrobials, rate of ICU discharge,

cost of ICU LOS, cost of ICU antimicrobials, cost of hos-

pital LOS, ICU mortality, or hospital mortality.60,61

Preventive bundles are often employed in ICUs to decrease

the incidence of VAP. In addition to cuff pressure monitoring,

bundles often include elevation of the head of the bed, rou-

tine oral care, and protocols to identify extubation readi-

ness. Recommendations by The Society for Healthcare

Epidemiology63 agree with those outlined here. We found

a lack of evidence in terms of patient-important outcomes

for the use of tapered airway cuffs, frequent cuff pressure

monitoring, and devices that automatically adjust cuff

pressure. Evidence is also lacking for tube positioning and

securing artificial airways.

Recommendations

1. We recommend that the skin surrounding artificial air-

ways and NIV interfaces be assessed (strong recom-

mendation, high certainty).

2. We suggest assessing the dressing used for tracheos-

tomy tubes and NIV interfaces (conditional recommen-

dation, low certainty).

3. We recommend assessing the pressure inside the cuff of

artificial airways using a manometer (strong recom-

mendation, high certainty).
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4. We recommend that continuous cuff pressure assess-

ment should not be implemented to decrease the risk of

VAP (strong recommendation, high certainty).

5. We suggest assessing proper placement and securement

of artificial airways (conditional recommendation, very

low certainty).

Justification and Implementation Considerations. For patient

safety and comfort, skin integrity must be assessed as part

of the PVA. This is important not only for patients receiv-

ing NIV but also for patients with artificial airways.

In the United States, this also has implications for

reimbursement.

The area with the most convincing evidence relates to

the artificial airway cuff. There exists high levels of evi-

dence related to the type of cuff and management of cuff

pressure. This relates to the prevention of tracheal injury

and risk for VAP and VAE. The cuff type, cuff material,

and frequency of cuff pressure measurement might not be as

important as once thought. But it should also be appreciated

that cuff pressure is also important in the context of tracheal

injury. The frequency of cuff pressure measurements is

unclear and might best be determined by local culture and

resources.

Although the certainty of evidence is very low and pre-

vents us from directly answering the PICO question, we

suggest assessing tube position and ensuring that the airway

is secure. It is universal practice to ensure that the tube is

not placed into a main bronchus and that the cuff is not in

the larynx or pharynx. It is also accepted that the tube be

properly secured to prevent accidental extubation. Note that

we do not make a recommendation regarding the secure-

ment method, which is determined by local practice.

Future Research Opportunities. There are aspects of assess-

ing skin integrity related to artificial airways and NIV inter-

faces that currently lack evidence with high certainty.

Questions persist around best practices, such as optimal

skin pressure injury prevention products and optimal timing

for rotation of NIV interfaces. The role of cuff design and

frequency of cuff pressure measurements must be established.

Discussion

Effectiveness and safety are important considerations in

mechanically ventilated patients. These 4 PICO questions

are specific to issues related to the PVA. In North America,

this is of particular interest to RTs, as they are the bedside

clinicians who most commonly perform the PVA. Regardless

of the health care delivery model, an individual with expertise

in respiratory care should perform the PVA. Our recommen-

dations necessitate a thorough assessment of important pa-

rameters known to affect patient outcomes. This includes

an assessment of the patient and evaluation of ventilator

settings; assuring lung-protective strategies; the use of direct

bedside assessment when resources are adequate or to supple-

ment assessment with telemedicine with limited resources;

assessment for adequate humidification in patients receiving

NIV and invasive mechanical ventilation; the evaluation and

prevention of skin injury; and for artificial airways, cuff pres-

sure monitoring, and ETT tube placement and securement.

A common question asked is “How often should a PVA

be performed?” This CPG does not address that question.

Evidence is lacking to provide guidance. Moreover, the fre-

quency of PVA is determined by patient acuity, available

resources, and institutional preferences. For instance, a

mechanically ventilated patient in a long-term post-acute

care setting with stable settings may require less frequent

PVAs as compared to an unstable patient emergently intu-

bated due to respiratory failure. The frequency of PVA is

not established by statute or CPGs. But is there potential for

harm if a clinician such as an RT is tasked with PVAs more

frequently than necessary? Might this result in clinical

oversight if the RT or other clinician focuses on completing

the task rather than performing a thorough assessment?

These important questions must be addressed locally and

cannot be stipulated in an evidence-based CPG.

The traditional patient-ventilator system check is ventila-

tor-centric and addresses parameters mostly related to the

ventilator rather than from a patient-centric focus. The

PVA aims to guide the ventilator management to achieve

best patient outcomes rather than the frequency of docu-

menting ventilator settings. Thus, the PVA is tailored to the

individual patient’s needs. This CPG stresses patient assess-

ment and patient response to mechanical ventilation. This

CPG does not recommend which ventilator settings and

monitored values are to be documented in the medical re-

cord, as this should be determined locally.

There is absence of high-quality evidence to support

some of our recommendations. Questions remain about

which parameters of the PVA are essential for protective

lung ventilation and patient safety. How can telehealth be

best used when resources are insufficient? How does one

select the use of HH or HME? What is the best strategy to

maintain skin integrity related to the interface and cuff pres-

sures? Many opportunities exist for quality improvement

projects related to implementing PVAs.

Summary

This CPG provides guidance in 4 areas related to PVA:

lung-protective ventilation, use of telemedicine, adequacy

of airway humidification, and artificial airway/interface

assessment. The recommendations are offered to assist bed-

side clinicians in the care of patients receiving invasive me-

chanical ventilation and NIV. The focus of the PVA should

be patient-centric rather than focused on the ventilator,

which requires a skilled clinician to make the proper
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assessment, interpret the findings relative to the individual

patient, and then adjust the ventilator to meet the patient’s

needs.
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