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BACKGROUND: Open respiratory secretion suctioning with a catheter causes pain and tracheo-

bronchial mucosal injury in intubated patients. The goal of mechanical insufflation-exsufflation

(MI-E) is to move secretions proximally and noninvasively by generating a high peak expiratory

air flow. Nebulized hypertonic saline with hyaluronic acid (HS-HA) may facilitate suctioning by

hydration. We assessed the safety and tolerance of a single session of airway clearance with

MI-E and HS-HA in critically ill intubated patients. METHODS: Adults with a cuffed artificial

airway were randomized to (1) open suctioning, (2) open suctioning after HS-HA, (3) MI-E, or

(4) MI-E with HS-HA. Adverse events, pain and sedation/agitation scores, and respiratory and

hemodynamic variables were collected before, during, and 5-min and 60-min post intervention.

RESULTS: One-hundred twenty subjects were enrolled and completed the study. Median (inter-

quartile range [IQR]) Acute Physiology and Chronic Health Evaluation II (APACHE II) score

was 22 (16–28); median (IQR) age was 69.0 (57.0–75.7) y, and 90 (75%) were male. Baseline respi-

ratory and hemodynamic variables were comparable. Adverse events occurred in 30 subjects

(25%), with no between-group differences. Behavioral pain equivalents and Richmond Agitation-

Sedation Scale were higher during suctioning in groups 1 (P < .001) and 2 (P < .001). Independent

predictive variables for higher pain and agitation/sedation scores were study groups 1 and 2 and

simultaneous analgosedation, respectively. Noradrenaline infusion rates were lower at 60 min in

groups 2 and 4. PaO2
/FIO2

had decreased at 5 min after open suctioning in group 1 and increased at

60 min in group 3. CONCLUSIONS: We observed no difference in adverse events. MI-E avoids

pain and agitation. Key words: airway management; secretions; aspiration; suction; mechanical;
saline solution; hypertonic. [Respir Care 2024;69(5):575–585. © 2024 Daedalus Enterprises]

Introduction

Respiratory secretion suctioning (RSS) is an essential

component of respiratory care in patients with an artificial

airway.1 Conventional catheter suctioning is associated

with significant pain,2,3 as well as with other local compli-

cations1 attributed to irritation, trauma, and suctioning of

the tracheal mucosa being impacted by the tip of the catheter.

Mechanical insufflation-exsufflation (MI-E) is a poten-

tial noninvasive alternative applied for decades as an inte-

gral part of respiratory care with an oronasal interface in

non-intubated patients with neuromuscular degenerative

diseases since its initial description in an animal model and

in humans.4,5 MI-E moves secretions proximally by gener-

ating a rapid outward air flow, analogous to a spontaneous

cough. In patients with an endotracheal tube6 or tracheos-

tomy cannula,7 MI-E produces a higher volume of mucus

than conventional catheter suctioning and has been recom-

mended for airway clearance8 in intubated patients.

Nebulized hypertonic saline is used for hydration of

airway surface liquid and fluidification of respiratory secre-

tions to facilitate mucociliary clearance in cystic fibrosis

and bronchiectasis.9 It has been associated with improved

lung function and less frequent exacerbations.10 In vitro and

experimental data show antimicrobial and anti-inflamma-

tory lung-protective effects.11,12 Tolerability of hypertonic

saline solution is improved by its combination with hyal-

uronic acid.13-16

Advantages of the individual or combined use of MI-E

and hypertonic saline with hyaluronic acid (HS-HA) might
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include improved tolerability and efficacy of noninvasive

airway clearance. The combination may improve efficacy

of airway clearance by MI-E of better hydrated fluidified

secretions. Studies with safety of both measures as a pri-

mary objective in intubated critically ill subjects are not

available, except for an uncontrolled preliminary experi-

ence with MI-E.17

The primary goals of the present trial were the compara-

tive occurrence of adverse events and impact on pain and

agitation-sedation scales of a single session of the study

interventions in a mixed, unselected group of critically ill

subjects. Secondary objectives were respiratory and cardio-

vascular variables and time from inclusion to extubation or

spontaneous breathing. Results of this study have partially

been reported in abstract form.18

Methods

Study Design

We performed a prospective, open-label, randomized

controlled study with a factorial design in subjects with an

artificial airway requiring respiratory secretion suctioning.

A factorial design was chosen to test for interaction of MI-

E and nebulized HS-HA (7% sodium chloride solution with

0.1% sodium hyaluronate [Hyaneb, Chiesi, Spain]).19 The 4

study groups were (1) catheter open suctioning, (2) catheter

open suctioning after nebulization of HS-HA, (3) MI-E,

and (4) MI-E with nebulization of HS-HA.

Setting and Research Approvals

The trial was conducted at the Critical Care Department

of Hospital Clı́nico San Carlos, Madrid, Spain, after approval

by the local ethics committee (code number: 18/253-R_X).

We followed the Consolidated Standards of Reporting

Trials (CONSORT)-Outcomes 2022 extension20 of the

2010 statement.21 Informed consent was obtained from the

subjects or their legal authorized representatives prior to

trial enrollment.

Study Population and Study Procedures

Inclusion criteria were $ 18 y old; a cuffed endotracheal

tube or tracheostomy cannula; on any assisted mode of ven-

tilation or spontaneously breathing and requiring suctioning,

regardless of the degree of respiratory failure, primary or

secondary acute lung injury, atelectasis, tracheobronchitis or

pneumonia, intracranial hypertension, hemodynamic stabil-

ity, or any additional organ dysfunctions. The need for suc-

tioning was established by suggestive respiratory sounds or

auscultation, ventilator display curves,22 or visible mucus.

Exclusion criteria were hemoptysis, bronchospasm, baro-

trauma, suspected unmonitored intracranial hypertension;

uncontrolled muscular contractions (eg, tremor or myoclo-

nus), and pregnancy (Fig. 1). After obtaining informed con-

sent, sequentially numbered closed envelopes containing a

computer-generated randomization sequence of the 4 study

groups were opened.

Catheter open secretion suctioning in groups 1 and 2

followed local protocol and Spanish National Ventilator-

Associated Pneumonia Prevention Guidelines.23 We applied

MI-E in groups 3 and 4 with an airway clearance device

(CoughAssist E70, Philips Ibérica S.A.U., Madrid, Spain)
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with a bacterial heat-moisture exchange filter (Intersurgical

Inter-Therm HMEF with luer port, Intersurgical, Wokingham,

United Kingdom) connected to the device output and a

single-limb corrugated tubing between the filter and the

artificial airway (see related supplementary materials at

http://www.rcjournal.com). MI-E inhale-exhale pressures

were +50 and �50 cm H2O, respectively, which is more

than the recommended 6 40 cm H2O to overcome artifi-

cial airway resistance to air flow24 and based on recently

published clinical experience17,25 and our routine clinical

settings. Suctioning was considered productive if secre-

tions were visible in the catheter or the proximal segment

of the endotracheal tube or tracheostomy cannula in

groups 3 and 4. In the latter case, secretions were aspi-

rated with a sterile catheter introduced only for shallow

suctioning, that is, with the catheter tip remaining in the

artificial airway.26

Subjects were temporarily disconnected from the ventilator

for open suctioning and the duration of the study maneuver

and reconnected and returned to their baseline ventilatory sta-

tus, without any change in settings, mode, or FIO2
.

Data Collection

Clinical characteristics at ICU admission were collected

with significant prior respiratory conditions defined as meet-

ing COPD, asthma, or heavy smoking criteria. Respiratory

category was defined at inclusion as (1) weaning, (2)

PaO2
/FIO2

> 300 mm Hg, (3) PaO2
/FIO2

200–300 mm Hg,

(4) PaO2
/FIO2

100–200 mm Hg, and (5) PaO2
/FIO2

< 100 mm

Hg. The following data were obtained before and 5 min and

60 min after the study intervention: ventilation status (sponta-

neous breathing, CPAP, or mechanically ventilated); ventila-

tor parameters and calculated dynamic and static compliance;

respiratory and hemodynamic variables and arterial or venous

blood gas values; noradrenalin infusion rates; analgesic; seda-

tive drugs; and, if available, intracranial pressure (ICP) and

bispectral index readings. Daily routine laboratory parameters

were reviewed over the following 48 h to check for adverse

events.

Adverse events were assessed from the start of the study

procedure and at 5 min and 60 min and defined as (adopted

from27) bronchospasm (bronchodilator needed), pneumo-

thorax and atelectasis (as per daily chest radiographs until

ICU discharge), desaturation (pulse-oximetry decrease >
5%) and hemoptysis and hypotension (> 30% decrease in

systolic blood pressure [SBP] or > 10% increase in nor-

adrenaline infusion from baseline), hypertension (> 30%

increase in SBP or > 10% decrease in noradrenaline infu-

sion from baseline), tachycardia (> 90 beats/min or >
30% increase in heart rate), bradycardia (< 40 beats/min),

and supraventricular arrhythmias (anti-arrhythmic therapy

needed). Subjects were kept under close clinical surveil-

lance to detect any other complication.

Pain and sedation-agitation scale scores were calculated

immediately before, during, and at 5 min and 60 min. We

used a validated behavioral indicators of pain scale

(ESCID, in its Spanish abbreviation)28 and the Richmond

Patients assessed for
eligibility

139

Subjects enrolled
120

Conventional 
catheter + open

 suctioning
30

Conventional 
catheter + open 
suctioning after 

HS-HA 
nebulization

30

MI-E
30

MI-E with 
HS-HA

 nebulization
30

Refused consent: 7
Relatives unavailable: 4
Hemoptysis: 2
Bronchopleural fistula: 1
Bronchoesophageal
fistula: 1
Pulmonary tuberculosis: 1
Planned extubation: 1
Age < 18 y: 1
Poor prognosis:  1

Excluded
19

Fig. 1. Flow chart. HS-HA¼ 5 mL of 7% hypertonic saline with hyaluronic acid; MI-E¼mechanical insufflation-exsufflation.
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Agitation-Sedation Scale (RASS).29 Both systems are used

routinely in our department, and scores were discussed and

registered in agreement with the attending nurse. Cases

were followed for occurrence of adverse events until ICU

discharge or death.

Statistical Analysis

Comparisons of continuous variables were performed

with one-way analysis of variance (ANOVA) or the Kruskal-

Wallis test as appropriate. Repeated-measures ANOVA and

Friedman ANOVA were applied to test for differences of

values across study time points, with post hoc pairwise

comparisons using the Bonferroni CI adjustment and the

Greenhouse-Geisser correction for lack of sphericity.

Categorical variables were compared using the chi-square

or Fisher tests. Two-way ANOVA was used to study the

interaction of MI-E and HS-HA, as well as other potential

significant factors for the main objectives of the study.

Stepwise multiple linear regression analysis was per-

formed to find significant independent factors for the main

outcome variables and to adjust for baseline variables. All

statistical analyses were performed with IBM SPSS version

25.0 (IBM, Armonk, New York).

Outcome data for a precise sample size estimation are

not available because, to the best of our knowledge, no

detailed data on the incidence of MI-E–associated adverse

events in critically ill intubated subjects have been pub-

lished to date. We estimated that 120 subjects needed to be

recruited to detect an absolute increase in AEs of 20%,

from an incidence of 20% associated with catheter suction-

ing in 60 cases, to 40% in 60 cases under MI-E, with a mar-

gin of error of 10% and CI of 90%.

Results

Baseline Subject Characteristics

A total of 139 eligible candidates were evaluated for

inclusion, 19 of whom met exclusion criteria, and 120 were

randomized and completed the study (Fig. 1).

Median APACHE II score was 22 (16–28); 90 (75%)

were male, and median age was 69.0 (57.0–75.7) y (Table 1).

Characteristics at admission were well balanced between

groups, with > 80% cases with an endotracheal tube, except

for a higher incidence of respiratory insufficiency on admis-

sion in group 1. However, no differences in oxygenation and

ventilatory support parameters were observed a median of

4.00 (2.00– 8.75) d later at study inclusion (Table 1).

Variables collected at enrollment were balanced between

study groups, except for median body temperature (see

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

com).

Mean MI-E insufflation tidal volumes in groups 3 and 4

were, respectively, 1,825.4 6 668.5 mL and 1,944.2 6
700.9 mL (mean absolute difference 118.0 [95% CI �480.0

to 241.5] mL, P ¼ .43), and peak expiratory flows were

133.1 6 19.8 L/min in group 3 and 131.3 6 16.5 L/min in

group 4 (mean absolute difference 1.8 [95% CI �13.8 to

17.4] L/min, P¼ .92).

Main Outcomes

Adverse events. Total respiratory or cardiovascular adverse

events occurred during suctioning in 30 subjects (25%)

(Table 2), without differences between groups (P ¼ .39).

Rescue medication was given in 2, 1, 0, and 1 subjects in

study groups 1–4, respectively (P ¼ .56). All adverse events

had resolved at the 60-min time point. Follow-up chest radio-

graphs did not show complications. Days from study inclu-

sion to extubation or spontaneous breathing, discharge or

death, and total stay in the ICU were comparable (Table 2).

Pain and agitation-sedation assessment. Median ESCID

score rose significantly during suctioning in the whole

study population (P < .001) and within each study group

and decreased significantly at 5 min and 60 min (Fig. 2A,

Table 3). Significant differences between study groups

were identified only during suctioning (Fig. 2A, Table 3).

Pairwise comparisons determined higher ESCID values for

groups 1 and 2 (P < .001 for comparisons between group 1

and groups 3 and 4 and between group 2 and groups 3 and

4) but not between baseline and 5-min and 60-min time

points. RASS scores were not different at any of the 4 time

points (Fig. 2B, Table 3) but rose significantly from base-

line during the suctioning procedure. Within-group analy-

ses showed significant increases in groups 1 and 2 but not

in groups 3 and 4.

The concurrent infusion of analgosedation in 95 (79.2%)

subjects was associated with a lower ESCID score during

RSS (P ¼ .01) and showed interaction with the respective

study intervention (P ¼ .006) (Fig. 2C). Comparisons of

ESCID score within each study group for subjects with and

without analgosedation were significant only in group 2

(P ¼ .006) (Fig. 2C). ESCID score correlated with MI-E

(�0.43 [95% CI �1.74 to �0.82], P < .001) and analgose-

dation (�0.25 [95% CI �1.47 to �0.33], P ¼ .002) in a

model including MI-E and/or HS-HA; baseline analgoseda-

tion; and baseline infusion rates of midazolam, propofol,

fentanyl, and remifentanil as independent variables.

Higher ESCID scores during suctioning correlated with

study groups (1–4) (�0.41, P < .001), analgosedation

(�0.31, P < .001), and respiratory category (1–5) (�0.21,

P¼ .01), with no significant correlation between independ-

ent variables. Median ESCID scores during suctioning did

not differ between respiratory categories, and 2-way ANOVA
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Table 1. Demographic and Baseline Characteristics at ICU Admission and at Study Inclusion

Catheter Open

Suctioning

(n ¼ 30)

Catheter Open

Suctioning + HS-HA

(n ¼ 30)

MI-E

(n ¼ 30)

MI-E + HS-HA

(n ¼ 30)
P

Age 69.50 (57–75.25) 71.00 (64–78.25) 69.5 (54.75–77.5) 65 (54–72.5) .26

Sex, male 24 (80) 23 (76.7) 21 (70) 22 (73.3) .83

APACHE II score 22.6 6 8.1 22.2 6 7.2 23.3 6 9.0 21.26 6.7 .77

Comorbidities, chronic

Respiratory 13 (43.3) 17 (56.7) 13 (43.3) 12 (40) .62

Hypertension 16 (53.3) 13 (43.3) 16 (53.3) 16 (53.3) .86

Diabetes mellitus 9 (30) 2 (6.7) 10 (33.3) 3 (10) .01

Cancer 3 (10) 6 (20) 5 (20) 1 (3.3) .21

Diagnostic group .65

Medical 15 (50) 12 (40) 13 (43.3) 12 (40)

Surgical 14 (46.7) 16 (53.3) 12 (40) 14 (46.7)

Trauma 1 (3.3) 2 (6.7) 5 (16.7) 4 (13.3)

Main indication for admission to ICU .046

Postoperative care 7 (23.3) 11 (36.7) 11 (36.7) 10 (33.3) .65

Coma 6 (20) 14 (46.7) 9 (30) 8 (26.7) .14

Respiratory insufficiency 13 (43.3) 1 (3.3) 6 (20) 5 (16.7) .002

Shock 3 (10) 4 (13.3) 3 (10) 7 (23.3) .39

Resuscitated cardiac arrest 1 (3.3) 0 1 (3.3) 0 .29

Day of study inclusion

From admission 5 (1.75–10.25) 4 (2–7.75) 3.00 (2–7.25) 4 (2–9) .75

From endotracheal intubation 5 (1.75–9.25) 3 (2–6.25) 3.00 (1.75–6.25) 4 (1.75–7.50) .62

Endotracheal tube 25 (83) 24 (80) 25 (83) 26 (87) .92

Tracheal cannula 5 (17) 6 (20) 5 (17) 4 (13) .92

ID of AAW, mm 8 (8–8) 8 (8–8) 8 (8–8) 8 (8–8) .39

Respiratory categories .47

Weaning 4 (13.3) 1 (3.3) 2 (6.7) 3 (10)

PaO2
/FIO2

> 300 mm Hg 12 (40) 8 (26.7) 8 (26.7) 11 (36.7)

PaO2
/FIO2

200–300 mm Hg 5 (16.7) 12 (40) 9 (30) 11 (36.7)

PaO2
/FIO2

100–200 mm Hg 9 (30) 8 (26.7) 11 (36.7) 5 (15.7)

PaO2
/FIO2

< 100 mm Hg 0 1 (3.3) 0 0

Blood gases at inclusion

Arterial pH 7.39 6 0.07 7.41 6 0.09 7.42 6 0.06 7.396 0.07 .33

PaCO2
43.4 6 8.1 40.2 6 7.1 42.2 6 6.8 42.86 6.0 .42

Venous pH 7.38 6 0.02 7.35 6 0.06 7.38 6 0.05 7.416 0.04 .08

PvCO2 48.4 6 10.6 51.4 6 14.1 48.7 6 3.9 49.36 8.5 .95

Ventilation modes .26

Mechanically assisted ventilation 17 (56.7) 19 (63.3) 22 (73.3) 25 (83.3)

CPAP 3 (10) 2 (6.7) 0 1 (3.3)

Spontaneous ventilation 10 (33.3) 9 (30) 8 (26.7) 4 (13.3)

Ventilator settings and mechanics

Minute ventilation 9.80 (7.90–11.85) 9.5 (8.2–11.1) 8.3 (7.0–10.5) 8.4 (7.8–12.1) .31

Tidal volume 503 (415–575) 549 (484–630) 490.5 (436.0–532.0) 500 (471–601) .13

Total breaths/min 18 (16–24) 18.0 (16.0–20.2) 18 (15–22) 18 (14–22) .63

PaO2
/FIO2

264.4 6 111.0 236.7 6 126.0 244.1 6 111.0 253.4 6 67.0 .94

PEEP 7.5 (5.0–8.0) 7.00 (5.75–8.00) 6 (5–8) 6 (5–8) .63

Peak pressure 21.9 6 5.2 22.5 6 5.0 20.6 6 8.3 22.36 4.2 .87

Plateau pressure 20.8 6 4.8 20.9 6 5.0 19.6 6 8.6 20.36 5.1 .84

Cst 39.33 (25.30–53.00) 45.4 (28.3–53.0) 34.1 (27.6–56.0) 40.0 (31.4–50.1) .84

Cdyn 37.9 (23.4–50.0) 35.4 (26.7–50.1) 33.7 (26.8–42.6) 35.7 (26.7–45.9) .98

SpO2
(%) 98 (96–99) 97.0 (96.0–98.5) 96.5 (95.0–99.0) 98.6 (97.0–99.0) .13

Noradrenaline infusion

dose, mg/kg/min

17 (56.7)

0.09 (0–0.40)

18 (60)

0.12 (0–0.48)

15 (50)

0.04 (0–0.38)

14 (46.7)

0 (0–0.31)

.72

.74

(Continued)
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for study group and respiratory category did not differ for re-

spiratory category.

The factorial ANOVA test confirmed the correlation of

MI-E and a lower ESCID score (P < .001) and the absence

of correlation with nebulized HS-HA. There was no inter-

action between MI-E and HS-HA for ESCID score.

Bispectral index disclosed no differences in distribution

nor mean index at any of the 4 time points (see related

Table 1. Continued

Catheter Open

Suctioning

(n ¼ 30)

Catheter Open

Suctioning + HS-HA

(n ¼ 30)

MI-E

(n ¼ 30)

MI-E + HS-HA

(n ¼ 30)
P

Blood pressure, mm Hg 77.5 6 11.2 81.5 6 12.9 79.1 6 17.7 81.56 13.8 .62

Heart rate, beats/min 89.6 6 19.4 83.0 6 19.5 84.5 6 16.7 80.46 18.3 .28

Hypovolemia 8 (26.7) 2 (6.9) 9 (30) 4 (13.3) .79

Temperature, �C 37.3 (36.8–37.6) 37.0 (36.4–37.2) 36.9 (36.5–37.4) 36.8 (36.5–37.1) .01

IV sedation 6 analgesia 23 (76.7) 21 (70) 25 (83.3) 26 (86.7) .39

Midazolam dose 0 (0–0.13) 0 0 (0–0.54) 0 (0–0.14) .07

Propofol dose 70 (0–200) 150 (95–240) 10 (0–190) 60 (0–160) .067

Remifentanil dose 0 0 0 0 .48

Fentanyl dose 0.0120

(0.0003–1.02)

0.012

(0.004–0.032)

0.0140

(0.0004–0.037)

0.0020

(0.0004–0.02)

.71

Data are presented as n (%), median (interquartile range), or mean 6 SD.

HS-HA ¼ 7% hypertonic saline with hyaluronic acid

MI-E ¼ mechanical insufflation-exsufflation

APACHE ¼ Acute Physiology and Chronic Health Evaluation

ID ¼ inner diameter

AAW ¼ artificial airway

PvCO2 ¼ partial pressure of carbon dioxide in venous blood

Cst ¼ static lung compliance

Cdyn ¼ dynamic lung compliance

IV ¼ intravenous

Table 2. Adverse Events During Respiratory Secretion Suctioning

Catheter Open

Suctioning

(n ¼ 30)

Catheter Open

Suctioning + HS-HA

(n ¼ 30)

MI-E

(n ¼ 30)

MI-E + HS-HA

(n ¼ 30)
P

Adverse events, total 9 (30) 8 (26.7) 4 (13.3) 9 (30) .39

Respiratory 3 (10) 4 (13.3) 1 (3.3) 2 (6.7) .54

Barotrauma 0 0 0 0

Desaturation 2 (6.7) 3 (10) 2 (6.7) 2 (6.7) .95

Atelectasis 0 0 0 0

Hemoptysis 0 2 (6.7) 0 0 .11

Cardiovascular 8 (26.7) 4 (13.3) 6 (20) 8 (26.7) .54

Tachycardia 4 (13.3) 3 (10) 1 (3.3) 3 (10) .59

Bradycardia 0 0 0 0

Hypertension 7 (23.3) 2 (6.7) 2 (6.7) 5 (16.7) .16

Hypotension 1 (3.3) 0 4 (13.3) 2 (6.7) .15

Arrythmia 0 0 1 (3.3) 0 .39

Rescue medication 2 (6.7) 1 (3.3) 0 1 (3.3) .56

Inclusion to extubation or

spontaneous breathing, d

8 (1–18) 11.5 (3.00–31.25) 11 (2.00–25.25) 10 (2.75–22.25) .77

Inclusion to discharge or death, d 12.5 (4.0–32.5) 18.50 (5.75–35) 13.5 (5.75–32.2) 13 (5–29) .87

ICU length of stay, d 18.50 (2.25–36) 21.0 (11.5–42) 19 (10.25–37.5) 19.00 (8.7–40) .92

ICU mortality 7 (22.6) 9 (27) 8 (25.8) 7 (22.6) .92

Data are presented as n (%) or median (interquartile range).

HS-HA ¼ 7% hypertonic saline with 0.1% sodium hyaluronate

MI-E ¼ mechanical insufflation-exsufflation
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Fig. 2. Pain and agitation-sedation evaluation. A: Mean6 95% CI behavioral indicators of pain scale (ESCID) score at (1) baseline, (2) during,
(3) 5 min, and (4) 60 min after the respective secretion suctioning procedure. B: Mean 6 95% CI Richmond Agitation-Sedation Scale score.

C: Mean ESCID scores 6 95% CI during the secretion suctioning procedure per study group in subjects with and without analgosedation.
RSS¼ respiratory secretion suctioning, RASS¼ Richmond Agitation-Sedation Scale.
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supplementarymaterials at http://www.rcjournal.com) between

groups in 21 subjects being monitored at the time of study

inclusion. Mean bispectral index differed across time points

(P¼ .007) for the whole study cohort. We observed similar

mean values at baseline (45.50 6 3.16) and during the

procedure (45.006 3.16), a higher mean bispectral index

at 5 min (56.86 6 4.17, P ¼ .007), and a partial decrease

to the 60-min mean index (50.436 17.66, not significant

to baseline and during procedure).

ICP monitoring was present in 15 subjects. We did not

observe differences between study groups at any time point.

Mean ICP stayed within normal limits across time points.

We observed a transient ICP of 32 mm Hg in one subject

in group 2 during catheter suctioning, with subsequent

ICP < 20 mm Hg at 5 min and 60 min.

Secondary Outcomes

Hemodynamic and respiratory parameters. Mean heart

rate, blood pressure, and noradrenaline infusion rates did

not differ at baseline and 5-min and 60-min evaluations

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

rcjournal.com). Across time points, pairwise comparisons

disclosed reductions of noradrenaline infusion rates for

the whole study population due to significant decreases in

groups 2 and 4 (see related supplementary materials at http://

www.rcjournal.com) from baseline to 60 min (mean differ-

ence�0.028 [95% CI�0.065 to 0.008], P< .001) and from

5 min to 60 min after the study intervention (mean difference

�0.029 [95% CI�0.066 to 0.008], P< .001).

There were no differences in ventilator modes at 60 min

(P ¼ .57) or PEEP or static and dynamic compliances at

5 min and 60 min, both between and within study groups

nor in arterial and venous pH, PCO2
, and PaO2

/FIO2
at 5 min

and 60 min for the whole study population. Mean PaO2
/FIO2

decreased in group 1 at 5 min (P ¼ .008), and an increase

was seen at 60 min in group 3 (P ¼ .01) (see related supple-

mentary materials at http://www.rcjournal.com). No changes

in this variable were found within groups 2 and 4.

Discussion

The results of our randomized controlled study suggest

that a single session of RSS with MI-E and a nebulized so-

lution of HS-HA is safe in intubated critically ill subjects.

MI-E was associated with less pain and improved tolerance.

This study compares to the incidence and type of adverse

events associated with MI-E and conventional catheter suc-

tioning in a mixed intubated subjects population. Adverse

events are not mentioned in most previous trials performed

in critically ill subjects.30,31 One controlled trial enrolling

180 intubated subjects reported no desaturation or hypoten-

sion during MI-E at +40/�40 cm H2O or in the control

group.6 In a recent retrospective safety analysis comparing

prophylactic MI-E to intermittent positive-pressure breathing

after extubation,32 lung mechanics were significantly

improved; the development of atelectasis, pneumonia, or

pleural effusion was similar; and the incidence of chest pain

was higher, with no differences in length of hospital and ICU

stay. An uncontrolled series of 157 unweanable subjects

with Duchenne muscular dystrophy were successfully

treated with MI-E pressures of +40/�40 cm H2O “or
more,” but the authors did not report on the occurrence of

adverse events.33 MI-E is widely used chronically in home

management of neuromuscular diseases and spinal cord

injury. In a 4-y study reporting in detail on adverse events

Table 3. Between Study Group Comparisons of Behavioral Indicators of Pain Scale and Richmond Agitation-Sedation Scale Scores at Baseline,

During, 5 Min, and 60 Min After the Study Intervention

Catheter Open Suctioning Catheter Open Suctioning + HS-HA MI-E MI-E + HS-HA P

Baseline

ESCID 0 0 0 0 .58

RASS �3.00 (�5.00 to �0.75) �5 (�5 to �4) �4.00 (�5.00 to 1.75) �4 (�5 to �1) .12

During RSS

ESCID 2 (1–3) 2.00 (0.75–3.00) 0 (0–1) 1 (0–1) < .001

RASS �2 (�5 to 1) �4.0 (�5.0 to 0.5) �4 (�5 to �1) �3 (�5 to �1) .26

At 5-min post RSS

ESCID 0 0 0 0 .95

RASS �3 (�5 to 0) �4 (5 to �3) �4 (�5 to �1) �3.5 (�5.0 to �1.0) .22

At 60-min post RSS

ESCID 0 0 0 0 .65

RASS �3.00 (�5.00 to �0.75) �5 (�5 to �4) �4.0 (�5.0 to 1.5) �3.5 (�5.0 to �1.0) .22

Data are presented as median (interquartile range).

HS-HA ¼ 7% hypertonic saline with 0.1% sodium hyaluronate

MI-E ¼ mechanical insufflation-exsufflation

ESCID ¼ behavioral indicators of pain scale

RASS ¼ Richmond Agitation-Sedation Scale

RSS ¼ respiratory secretion suctioning
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in 181 subjects mostly on prolonged ventilatory support,34

one episode of barotrauma and one case of abdominal dis-

tention occurred not attributed to MI-E. One subject did not

tolerate insufflation despite pressure adjustments. Barotrauma

has not been reported in any controlled study of MI-E in neu-

romuscular diseases35,36 or in mechanical ventilation.6,30,37,38

Anecdotal reports in subjects receiving chronic positive-pres-

sure ventilation have been published.39-41

We did not identify any safety issues with the adminis-

tration of nebulized HS-HA, in line with previous stud-

ies,9,15 nor did we observe positive or negative interaction

with MI-E. In addition, no impact of HS-HA on behavioral

pain equivalent scores was detected. The potential synergy

of its combined application with MI-E or the anti-inflam-

matory and antimicrobial effects remain to be evaluated in

the clinical setting.

Demonstrating improved tolerance of secretion suction-

ing with alternative noninvasive methods is facilitated by

the significant morbidity associated with the conventional

procedure. Introducing a suctioning catheter into the lower

airway in study groups 1 and 2 caused substantial pain,

as confirmed by significantly higher ESCID scores.

Consequently, the simultaneous infusion of analgoseda-

tion was associated with a lower impact on pain score

during aspiration. Our findings confirm previous clinical

research where MI-E was less painful and better tolerated

than conventional suctioning,42 and its associated proce-

dural pain score came close to the most painful procedures

and was mitigated by opioids.43 Catheter endotracheal suc-

tioning–associated pain is highly relevant not only because

of pain intensity but also because it is one of the most fre-

quently performed procedures.43

The impact of RSS on respiratory and hemodynamic pa-

rameters was similar between groups, except for changes in

noradrenaline infusion rates and PaO2
/FIO2

observed at some

of the study time points. An anti-inflammatory effect of

nebulized HS-HA in groups 2 and 412 allowing reductions in

vasopressor infusion rates is extremely unlikely after a single

nebulization. Similarly, the effect of the 4-s recruitment

maneuver or improved airway clearance associated with
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Fig. 3. Hemodynamic and respiratory evaluation. A: Mean 6 95% CI noradrenalin infusion rates in mg/kg/min at baseline, 5 min, and 60
min after the respiratory secretion suctioning procedure. B: Mean6 95% CI PaO2
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.
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MI-E6,44 in group 3 may have improved PaO2
/FIO2

, com-

pared to catheter suctioning, but needs further evaluation

during repeated suctioning sessions. Short-term improve-

ment in lung mechanics after MI-E has been observed by

some authors,25,32 but not by others,37 like in the present

study.

The limitations of our study relate to its open-label

design and single-center nature. Whereas most of the varia-

bles collected are objective, the subjective interpretation of

widely used and recommended45 behavioral equivalents of

pain scales is not completely devoid of observer bias, which

is not prevented by randomization. Electrophysiological

monitoring tools may improve behavioral pain assessment,

although measurements correlate with the Behavioral Pain

Scale.46 To limit bias, we scored ESCID28 after discussion

with experienced attending nurses. The scale has been vali-

dated in a multi-center study where results were adjusted

for internal consistency, inter-rater and intra-rater reliabil-

ity, and assessed for its correlation with the Behavioral Pain

Scale.47 Of note, endotracheal suctioning was used as one

of the nociceptive stimuli for discriminant validation of

ESCID, the Behavioral Pain Scale, and a study evaluating 6

different pain scales applied in intubated adults.48

The economic and environmental impact and the effect

on nursing work load of the application of MI-E and HS-

HA were not evaluated in our study. Neither are costly, and

after the initial assembly of components, MI-E with HS-

HA nebulization only requires changing connections from

the ventilator to the airway clearance device. Future devel-

opments may introduce further simplifications through inte-

gration in mechanical ventilators.

Finally, our results only refer to a single maneuver apply-

ing a specific protocol. Safety of multiple daily sessions

over consecutive days should not be inferred. Previous

randomized trials applying MI-E over several days6,30,36,37

did not observe any adverse events, but the evaluation of

safety of prolonged use of MI-E and HS-HA, as well as

their interaction, in intubated critically ill subjects requires

further evaluation and should remain a primary objective in

future multi-center clinical research.

Conclusions

The present randomized controlled study did not observe

differences in adverse events related to a single session of

MI-E and nebulized HS-HA. Noninvasive respiratory

secretion clearance with MI-E was less painful than con-

ventional open catheter suctioning. Future studies should

address safety and efficacy of noninvasive alternatives.
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González P, et al. Safety and tolerability of mechanical insufflation-

exsufflation (MIE) and hypertonic saline with hyaluronic acid (HS-

HA) for respiratory secretion suctioning (RSS) in intubated patients.

Intensive Care Med Exp 2019;7(3):533.

19. Jaki T, Vasileiou D. Factorial versus multi-arm multi-stage designs for

clinical trials with multiple treatments. Stat Med 2017;36(4):563-580.

20. Butcher NJ, Monsour A, Mew EJ, Chan AW, Moher D, Mayo-Wilson E,

et al. Guidelines for reporting outcomes in trial reports: the CONSORT-

Outcomes 2022 Extension. JAMA 2022;328(22):2252-2264.

21. Schulz KF, Altman DG, Moher D; Group C. CONSORT 2010 state-

ment: updated guidelines for reporting parallel group randomized tri-

als. J Clin Epidemiol 2010;63(8):834-840.

22. Correger E, Murias G, Chacon E, Estruga A, Sales B, Lopez-Aguilar

J, et al. [Interpretation of ventilator curves in patients with acute respi-

ratory failure]. Med Intensiva 2012;36(4):294-306.

23. Alvarez-Lerma F, Palomar-Martinez M, Sanchez-Garcia M, Martinez-

Alonso M, Alvarez-Rodriguez J, Lorente L, et al. Prevention of venti-

lator-associated pneumonia: the multimodal approach of the Spanish

ICU “Pneumonia Zero” Program. Crit Care Med 2018;46(2):181-188.

24. Guerin C, Bourdin G, Leray V, Delannoy B, Bayle F, Germain M,

et al. Performance of the CoughAssist insufflation-exsufflation device

in the presence of an endotracheal tube or tracheostomy tube: a bench

study. Respir Care 2011;56(8):1108-1114.

25. Nunes LC, Rizzetti DA, Neves D, Vieira FN, Kutchak FM, Wiggers

GA, et al. Mechanical insufflation/exsufflation improves respiratory

mechanics in critical care: randomized crossover trial. Respir Physiol

Neurobiol 2019;266:115-120.

26. Van de Leur JP, Zwaveling JH, Loef BG, Van der Schans CP.

Endotracheal suctioning versus minimally invasive airway suctioning

in intubated patients: a prospective randomized controlled trial.

Intensive Care Med 2003;29(3):426-432.

27. van Meenen DMP, van der Hoeven SM, Binnekade JM, de Borgie C,

Merkus MP, Bosch FH, et al. Effect of on-demand vs routine nebuliza-

tion of acetylcysteine with salbutamol on ventilator-free days in inten-

sive care unit patients receiving invasive ventilation: a randomized

clinical trial. JAMA 2018;319(10):993-1001.

28. Latorre-Marco I, Acevedo-Nuevo M, Solis-Munoz M, Hernandez-

Sanchez L, Lopez-Lopez C, Sanchez-Sanchez MM, et al. Psychometric

validation of the behavioral indicators of pain scale for the assessment

of pain in mechanically ventilated and unable to self-report critical care

patients. Med Intensiva 2016;40(8):463-473.

29. Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O’Neal PV, Keane

KA, et al. The Richmond Agitation-Sedation Scale: validity and reli-

ability in adult intensive care unit patients. Am J Respir Crit Care Med

2002;166(10):1338-1344.

30. Goncalves MR, Honrado T, Winck JC, Paiva JA. Effects of mechani-

cal insufflation-exsufflation in preventing respiratory failure after

extubation: a randomized controlled trial. Crit Care 2012;16(2):R48.

31. Kuroiwa R, Tateishi Y, Oshima T, Inagaki T, Furukawa S, Takemura

R, et al. Mechanical insufflation-exsufflation for the prevention of

ventilator-associated pneumonia in intensive care units: a retrospective

cohort study. Indian J Crit Care Med 2021;25(1):62-66.

32. WuMF, Wang TY, Chen DS, Hsiao HF, Hu HC, Chung FT, et al. The

effects of mechanical insufflation-exsufflation on lung function and

complications in cardiac surgery patients: a pilot study. J Cardiothorac

Surg 2021;16(1):350.

33. Bach JR, Martinez D. Duchenne muscular dystrophy: continuous non-

invasive ventilatory support prolongs survival. Respir Care 2011;56

(6):744-750.

34. Chatwin M, Simonds AK. Long-term mechanical insufflation-exsuf-

flation cough assistance in neuromuscular disease: patterns of use and

lessons for application. Respir Care 2020;65(2):135-143.

35. Lacombe M, Del Amo Castrillo L, Bore A, Chapeau D, Horvat E,

Vaugier I, et al. Comparison of three cough-augmentation techniques

in neuromuscular patients: mechanical insufflation combined with

manually assisted cough, insufflation-exsufflation alone, and insuffla-

tion-exsufflation combined with manually assisted cough. Respiration

2014;88(3):215-222.

36. Siriwat R, Deerojanawong J, Sritippayawan S, Hantragool S, Cheanprapai

P. Mechanical insufflation-exsufflation versus conventional chest physio-

therapy in children with cerebral palsy. Respir Care 2018;63(2):187-193.

37. Coutinho WM, Vieira PJC, Kutchak FM, Dias AS, Rieder MM,

Forgiarini LA, Jr. Comparison of mechanical insufflation-exsufflation

and endotracheal suctioning in mechanically ventilated patients:

effects on respiratory mechanics, hemodynamics, and volume of

secretions. Indian J Crit Care Med 2018;22(7):485-490.

38. Martinez-Alejos R, Marti JD, Li Bassi G, Gonzalez-Anton D, Pilar-

Diaz X, Reginault T, et al. Effects of mechanical insufflation-exsuffla-

tion on sputum volume in mechanically ventilated critically ill sub-

jects. Respir Care 2021;66(9):1371-1379.

39. Suri P, Burns SP, Bach JR. Pneumothorax associated with mechanical

insufflation-exsufflation and related factors. Am J Phys Med Rehabil

2008;87(11):951-955.

40. McDonald LA, Berlowitz DJ, Howard ME, Rautela L, Chao C, Sheers

N. Pneumothorax in neuromuscular disease associated with lung vol-

ume recruitment and mechanical insufflation-exsufflation. Respirol

Case Rep 2019;7(6):e00447.

41. Yasokawa N, Tanaka H, Kurose K, Abe M, Oga T. Mechanical insuf-

flation-exsufflation–related bilateral pneumothorax. Respir Med Case

Rep 2020;29:101017.

42. Garstang SV, Kirshblum SC, Wood KE. Patient preference for in-

exsufflation for secretion management with spinal cord injury. J

Spinal Cord Med 2000;23(2):80-85.

43. Puntillo KA, Max A, Timsit JF, Vignoud L, Chanques G, Robleda G,

et al. Determinants of procedural pain intensity in the intensive care

unit. The Europain(R) study. Am J Respir Crit Care Med 2014;189

(1):39-47.

44. Morrow B, Zampoli M, van Aswegen H, Argent A. Mechanical insuf-

flation-exsufflation for people with neuromuscular disorders.

Cochrane Database Syst Rev 2013(12):CD010044.

45. Chanques G, Gelinas C. Monitoring pain in the intensive care unit

(ICU). Intensive Care Med 2022;48(10):1508-1511.

46. Chanques G, Tarri T, Ride A, Prades A, De Jong A, Carr J, et al.

Analgesia nociception index for the assessment of pain in critically ill

patients: a diagnostic accuracy study. Br J Anaesth 2017;119(4):812-820.

47. Payen JF, Bru O, Bosson JL, Lagrasta A, Novel E, Deschaux I, et al.

Assessing pain in critically ill sedated patients by using a behavioral

pain scale. Crit Care Med 2001;29(12):2258-2263.

48. Rahu MA, Grap MJ, Ferguson P, Joseph P, Sherman S, Elswick RK,

Jr. Validity and sensitivity of 6 pain scales in critically ill, intubated

adults. Am J Crit Care 2015;24(6):514-523.

SUCTION VS MI-E AND HYPERTONIC SALINE WITH HYALURONIC ACID

RESPIRATORY CARE � MAY 2024 VOL 69 NO 5 585


