Effects of Zero PEEP and < 1.0 Fip, on S;0, and Pgrco, During Open

Endotracheal Suctioning

Jacqueline Rodrigues de Freitas Vianna, Valéria Amorim Pires Di Lorenzo,
Miléa Mara Lourengo da S Simdes, Jorge Luis Guerra, and Mauricio Jamami

BACKGROUND: Hyperoxygenation and hyperinflation, preferably with a mechanical ventilator, is
the most commonly used technique to prevent the adverse effects of open endotracheal suctioning on ar-
terial oxygenation and pulmonary volume. However, limited data are available on the effects of oxygen
concentrations < 100% and PEEP with zero end-expiratory pressure (0 PEEP) to improve oxygenation
and to maintain adequate ventilation during open endotracheal suctioning. The aim of this study was
to analyze the behavior of S,0, and end-tidal CO, pressure (Pgrco,) in open endotracheal suctioning
using the 0 PEEP technique with baseline F;o, (0 PEEP baseline Fip,) and 0 PEEP + hyperoxygena-
tion of 20% above the baseline value (0 PEEP F,o, + 0.20) in critically ill subjects receiving mechani-
cal ventilation. METHODS: This was a prospective, randomized, single-blind crossover study, for
which 48 subjects with various clinical and surgical conditions were selected; of these, 38 subjects com-
pleted the study. The subjects were randomized for 2 interventions: 0 PEEP baseline Fip, and 0
PEEP Fjo, + 0.20 during the open endotracheal suctioning procedure. Oxygenation was assessed via
oxygen saturation as measured with pulse oximetry (Sp0,), and changes in lung were monitored via
Pgrco, using volumetric capnography. RESULTS: In the intragroup analysis with 0 PEEP baseline
Fio,, there was no significant increase after open endotracheal suctioning in either S0, (P = .63) or
Pgrco, (P = .11). With 0 PEEP Fjo, + 0.20, there was a significant increase in S,o, (P < .001), with
no significant changes in Pgrco, (P = .55). In the intergroup comparisons, there was a significant
increase compared to the basal values only with the 0 PEEP + 0.20 method at 1 min after hyperoxy-
genation (P < .001), post-immediately (P < .001), at 1 min after (P < .001), and at 2 min after open
endotracheal suctioning (P < .001). CONCLUSIONS: The appropriate indication of the hyperinfla-
tion strategy via mechanical ventilation using 0 PEEP with or without hyperoxygenation proved to
be efficient to maintain S,0, and Pgrco, levels. These results suggest that the technique can minimize
the loss of lung volume due to open endotracheal suctioning. (ClinicalTrials.gov registration
NCT02440919). Key words: suction, mechanical ventilation, pulmonary ventilation, physical therapy
modalities; oxygen, capnography. [Respir Care 2020;65(12):1805-1814. © 2020 Daedalus Enterprises]

Introduction

Critically ill patients with artificial airways have shown
changes in mucociliary clearance with the accumulation of
secretions due to sedation, depression of the cough reflex,
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high concentrations of oxygen, inadequate cuff pressure,
inflammation, and mucosal trauma.'* Airway aspiration is
often necessary to maintain alveolar permeability and to
prevent respiratory tract infection.” According to the guide-
lines of the American Association for Respiratory Care
(AARC),® this procedure may result in numerous side
effects, such as risks and complications for developing
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PEEP anD O, DURING OPEN ENDOTRACHEAL SUCTIONING

hypoxia/hypoxemia due to reduced level of tissue oxygen-
ation (P,0,), decreased arterial oxygen saturation (S;o,),
and peripheral oxygen saturation (Spo,);”"" tissue trauma to

SEE THE RELATED EDITORIAL ON PAGE 1939

the tracheal or bronchial mucosa with hemorrhagic secre-
tion;” increased microbial colonization of lower airways;’
decrease in dynamic compliance'®'* and functional resid-
ual capacity;'? atelectasis;"” bronchoconstriction;'* changes
in cerebral blood flow and increased intracranial pressure;
vasovagal reactions; changes in blood pressure and heart
rate;”'® cardiac arrhythmias;'® low tidal volume;'®'”-** and
elevated carbon dioxide levels in the blood (Paco,

Use of a closed suction system is suggested for adults
with high Fio, or PEEP at risk of lung de-recruitment and
for neonates.® Advantages of a closed suction system com-
pared with an open system include continuous mechanical
ventilation, reduced hemodynamic impairment, shorter
hospital stay, and reduced costs for patients and the health
care system. Therefore, this method can replace open suc-
tion methods in the care of critically ill patients.*

The recommendations to minimize or prevent a decrease
in S,0, include appropriate catheter size, depth and time of
suctioning, pressure setting, as well as routinely avoiding
saline instillation and manual hyperinflation.®'”'820-2%

Hyperoxygenation is a method used to increase Fio, above
basal levels, and 100% hyperoxygenation has been the most
widely used method.*'® Manual hyperinflation and ventilator
hyperinflation are 2 physiotherapy procedures used to remove
secretions. Manual hyperinflation with manual chest compres-
sion, also known as bag squeezing, was first described in 1968
by Clement and Hiibsch.** This physiotherapeutic technique
aims to improve oxygenation, clear bronchial secretions, and
achieve alveolar re-expansion. Ventilator hyperinflation was
originally described by Berney and Denehy® in 2002 as an al-
ternative to manual lung hyperinflation, and it has been
adopted to achieve the same purposes.

Based on the goal to increase expiratory air flow to
remove secretions, studies have shown that pulmonary
secretion removal depends not only on high expiratory
flows, but also on the presence of an expiratory flow bias,
ie, on the peak expiratory flow being higher than the peak
inspiratory flow generated in the airways.”® Furthermore,
Volpe et al*’ reported that the most significant threshold for
expiratory flow bias to move secretion toward the glottis,
for human conditions, is the difference between peak expir-
atory flow and peak inspiratory flow being > 33 L/min.

The effects of 0 PEEP on lung compliance,****° gas
exchange,**** tidal volume,*® and hemodynamic repercus-
sions*?*?? have also been analyzed. This technique consists
of imposing a gradual PEEP increase to 15 cm H,O fol-
lowed by an abrupt PEEP reduction to O PEEP in

) 11,17
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Current knowledge

Open endotracheal suctioning is associated with hy-
poxemia and a loss of lung volume. Complications
of endotracheal suctioning can be minimized by
using appropriate diameter suction catheters, lim-
iting suction pressure and performing shallow
suctioning.

What this paper contributes to our knowledge

The O PEEP technique with or without hyperoxygena-
tion maintained adequate Syo, and Pgrco, levels during
open endotracheal suctioning. However, 0 PEEP with
hyperoxygenation + 0.20 above baseline Fip, should be
considered in subjects previously diagnosed with hy-
poxemia since it avoided the loss of S,0, < 94%, even
in subjects with Spo, = 88%.

association with a manual bilateral thoracic compression to
potentiate the increase of expiratory air flow, limiting the
peak pressure to 40 cm H,0.*?*3° The ventilator hyperinfla-
tion with increased volume or with 0 PEEP was similar to
manual hyperinflation in terms of the bronchial secretion re-
moval, oxygenation, and with insignificant hemodynamic
repercussions.*?*?**! The 0 PEEP technique appears to be
safe, without alterations of hemodynamic variables, even in
post-cardiac surgery patients.* However, there have been few
studies investigating using the O PEEP method to prevent hy-
poxemia or evaluating its impact on ventilation, whether asso-
ciated with pre-oxygenation or not. Study designs involving
ventilator hyperinflation are quite different, and the routine
use of ventilator hyperinflation as well as the need for 100%
hyperoxygenation are still debatable clinical issues.

Previous studies have reported that Fip, = 1.0 should be
the method of choice to prevent lower levels of P,o, or
Sy0,, especially during open endotracheal suctioning, as
recommended by the latest guidelines of the AARC.'®**3
However, other studies suggest the evaluation of the need
for hyperoxygenation with Fio, = 1.0, considering that the
delivery of low or no oxygen was able to prevent hypoxe-
mia during open endotracheal suctioning.''*** Although
O, was delivered for a short period of time, it is known that
exposure to Fip, = 1.0 in humans produces toxic effects
that can occur by reabsorption atelectasis, hyperoxic hyper-
capnia, bronchial and epithelial damage, decreased effec-
tiveness of the ciliary epithelium, and bactericidal bronchial
function.*® Respiratory markers of oxidative stress were
observed in healthy volunteers,*’ while hyperoxygenation
with 28% above baseline was delivered for 30 min.*'
Oxidative damage was also detected in the lungs of rats
exposed to 100% hyperoxygenation for 10 min.*?
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Fig. 1. Flow chart.

Hyperoxygenation combined with hyperinflation has
been the most commonly used technique for the prevention
of the adverse effects caused by open endotracheal suction-
ing and is well documented in the literature.** However
little is known about the effects of < 100% oxygen
delivery combined with the O PEEP technique on
increasing oxygenation and maintaining adequate venti-
lation during open endotracheal suction. Therefore, we
hypothesized that O PEEP baseline Fio, or 0 PEEP
Fio, + 0.20 may maintain adequate Spo, and Pgrco, in
open endotracheal suctioning without Fio, = 1.0 and the
loss of lung volume. The aim of this study was to inves-
tigate the behavior of S,0, and Pgrco, in open endotra-
cheal suctioning using O PEEP baseline Fio, and O PEEP
Fio, + 0.20 in critically ill subjects on mechanical venti-
latory support.

Methods
Study Location and Subject Population

The study was approved by the Human Research Ethics
Committee of our institution and by the National Unified
Research Registry involving human beings (Brazil Platf-
orm - CEP/Conep System- CAAE: 11354813.1.0000.5504).
Written informed consent was obtained from the legal repre-
sentatives of the subjects. The study was conducted in the ter-
tiary adult ICU at Santa Casa de Misericordia, Batatais, Sdo
Paulo, Brazil. All consecutive subjects requiring mechanical
ventilation and = 18 y of age were included during the period
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from June 2013 to May 2015. A total of 48 subjects of both
sexes with several clinical and surgical conditions were
selected. Of these, 10 subjects were excluded, leaving 38 sub-
jects who completed the study. Figure 1 provides a flow chart
of the study.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: subjects undergoing
orotracheal intubation and on mechanical ventilation for >
12 h, hemodynamically stable, and requiring endotracheal
suctioning according to the American Association for
Respiratory Care criteria.® Exclusion criteria were as follows:
individuals using high doses of vasopressor amines or show-
ing severe cardiac arrhythmias; with hemoglobin < 7 g/dL;
impossibility of appropriate S,o, monitoring; baseline Fio,
= (.60; requirement of PEEP of > 10 cm H,O; ARDS; rib
fractures; presence of a chest drain; severe bronchospasm;
intracranial hypertension (ie, intracranial pressure > 10 mm
Hg); hemorrhagic disorders; marked degree of gastroesopha-
geal reflux; bullous lung disease; unilateral lung disease; use
of tracheostomy; closed suction system; peak pressure > 35
cm H,O; hemodynamic instability with mean arterial pres-
sure < 60 mm Hg; central venous pressure < 6 mm Hg; and
no indication for endotracheal suctioning.

Study Design and Data Collection

This was a prospective, randomized, single-blind, cross-
over study with randomization by drawing lots using
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Fig. 2. Data collection of experimental protocols. Baseline Fo, (current Fio, without hyperoxygenation); Fo, + 0.20 (hyperoxygenation with offer
of Fio, 20% above baseline); Positioning (supine position for 20 min with the headrest at 40°); Pre (data collected at Baseline after positioning);
Series: open endotracheal suctioning, data collected at 1 min after offer or not of oxygenation (Intervention I: 0 PEEP Baseline Fo,; Intervention
IIl: 0 PEEP Fy0, + 0.20) and at 1 min before and after each catheter insertion, on the 5 open endotracheal suctioning procedures; After: data col-

lected at 1 min, 2 min, and 30 min after open endotracheal suctioning.

opaque envelopes containing sequential interventions:
Intervention I was O PEEP with Fio, (0 PEEP baseline
Fi0,), and Intervention II was O PEEP with 20% hyperoxy-
genation above baseline Fio, (0 PEEP Fjo, + 0.20) during
the open endotracheal suctioning procedure.

This study used the open suction system because it
reflects the reality of Brazilian ICUs. The AARC guidelines
were followed, not including adults with high Fyo, and high
PEEP levels with risk for lung de-recruitment.

To eliminate the carryover effects of the previous treat-
ments, a washout period*”’ of 5 h was allowed between
interventions (Fig. 1). After the washout period, the subject
was placed in a supine position for 20 min with the headrest
at 40°. The endotracheal tube cuff was insufflated with 24
cm H,O with a cuff pressure monitor (AMBU, Madrid,
Spain). The following variables were then determined: tube
size, level of consciousness, level of sedation with the vaso-
active drug, indications for the open endotracheal suction-
ing procedure, ventilatory mode, ventilatory parameters,
hemoglobin and hematocrit in the baseline condition before
open endotracheal suctioning in both interventions. The
interventions were performed by the senior author and a
physiotherapist. Complications during or after the proce-
dure, such as vomiting, trauma, or bronchospasms, were
recorded.

Sp0, was measured via pulse oximetry (Dixtal, Cordoba,
Argentina) or ear lobe pulse oximetry (Dixtal); the multi-
parameter monitor DX-2021 or DX-2023 (Dixtal) was also
used as an index of hypoxia. Perco, was measured via volu-
metric capnography with the Dixtal 3012 mechanical
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ventilator with a monitor and Capnostat 5 (Respironics,
Murrysville, Pennsylvania) and a sensor equipped with a
mainstream flow sensor. Heart rate, breathing frequency,
systolic arterial pressure, diastolic arterial pressure, and
mean arterial pressure were obtained with the multipara-
meter monitor DX-2021 or DX-2023 (Capnostat 5,
Respironics). Sy0, and Perco, were measured at baseline (ie,
immediately before each of the cleaning maneuvers) and
then immediately after and again 30 min after the cleaning
episodes were performed. Syo, was also measured during
each of the cleaning episodes during both interventions at 1
min before oxygenation, 1 min after each of the 5 procedures
for open endotracheal suctioning, and 1 min after oxygen-
ation. At the end of data collection, subjects received the
physiotherapy, medical, and nursing care routinely per-
formed in the ICU (Fig. 2).

Procedures

All subjects were ventilated using the following ventila-
tory modes: volume control ventilation, assist/control; pres-
sure control ventilation, assist/control; volume control
synchronized intermittent mandatory ventilation; and sponta-
neous breath with volume guarantee pressure-support venti-
lation. After all inclusion criteria were checked, the subjects
were randomly allocated to one of the 2 sequences. The sub-
jects were placed in the supine position with elevation of the
head of the bed at 40° for 20 min before the baseline meas-
urements and the open endotracheal suctioning procedure.

RESPIRATORY CARE ® DECEMBER 2020 VoL 65 No 12
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The open endotracheal suction procedure was performed
using an atoxic, sterile, siliconized polyvinyl chloride, 12
French catheter with a lateral and bottom orifice, and a suc-
tion control valve (Embramed, Sao Paulo, Brazil) for endo-
tracheal tubes with an internal diameter of 7.0-8.5 mm.**
The catheter was introduced until resistance was met, and it
was then withdrawn 2-3 cm with a negative pressure of
~150 mm Hg*“® applied for 15 s with circular movements;
there was a 60-s interval between each of the 5 insertions,
according to the recommendations of the latest endotracheal
suctioning directives of the American Association for
Respiratory Care.°

Hyperoxygenation was performed using a Dixtal 3012
ventilator. In 0 PEEP hyperoxygenation, Fip, + 0.20 was
increased to a value 20% above the baseline value of the
subject for 1 min before each of the 5 procedures and for 1
min after the open endotracheal suctioning procedure.

At the start of each maneuver, PEEP was increased to
15 cm H,O for 60 s at the end of the inspiratory phase,
with the pressure peak limited to 40 cm H,0. PEEP
was then abruptly reduced to 0 cm H,O; this cycle is
known as 0 PEEP.?**° The tidal volume was previously
adjusted to 6 mL/kg with an inspiratory time of 0.8—1.2 s
and a breathing frequency of 8 breaths/min, followed by
an abrupt PEEP reduction to 0 cm H,O (0 PEEP) in the
expiratory phase, returning the PEEP value to the inspir-
atory phase. The maneuver was repeated after 2 ventila-
tory cycles at baseline PEEP. In each step, the maneuver
was performed 3 times?®**#7® before each of the 5 open
endotracheal suctioning procedures, for a total of 15
cycles per step, totaling 15 min.

Statistical Analysis

The sample size calculation was performed using GPower
3.1 with the dependent variables (S,0, and Pgrco,) of a pilot
study with 16 subjects carried out by the authors, where o =
5% (2-tailed) and 80% power, estimating a sample of 41 sub-
jects. Data were analyzed using GraphPad Prism 5.01
(GraphPad Software, San Diego, California). Initially, 1-way
repeated measures analysis of variance was used to test the
possibility of grouping all subjects within different ventilation
modes. According to the Shapiro-Wilk test for sample data
with non-normal distribution, we used the paired Wilcoxon
test for between and within comparisons. The Friedman test
post hoc Dunn test was used for the 4 measures obtained dur-
ing the 5 open endotracheal suctioning procedures. A signifi-
cance level was set at 5% for all tests. Data are expressed as
absolute frequency (1), percentage (%), or median (range).

Results

Thirty-eight subjects with mean age of 65.82 * 12.26 y
participated in the study. The initial sample characteristics
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Table 1.  Subject Characteristics and Baseline Conditions
Variable n (%)
Sex
Female 12 (31.6)
Male 26 (68.4)
Causes of intubation
Respiratory 24 (63)
Cardiac 11 (29)
Surgical (abdominal and orthopedic) 3(8)

Ventilation mode

Volume control ventilation, assist/control 10 (26.3)

Pressure control ventilation, assist/control 5(13.2)

Volume control synchronized intermittent mandatory 8 (21.1)
ventilation

Pressure control synchronized intermittent mandatory 8 (21.1)
ventilation

Volume-guaranteed pressure support 7(18.4)

N = 38 subjects.

are displayed in Table 1. The indication for mechanical
ventilation was predominantly respiratory, mainly due to
COPD and acute respiratory failure caused by pneumonia.

The Acute Physiologic and Chronic Health Evaluation IT
(APACHE 1II) prognostic index was applied upon admis-
sion to the hospital and 48 h after admission to estimate the
severity of the disease and predict hospital mortality. The
mean APACHE II scores were 22.2 * 8.64 and 22.3 =
8.28. The risk of death was 40% for nonoperative subjects
and 30% for postoperative subjects. The mortality rate was
55.3% (n = 21), with a high rate of ICU discharge of
44.7% (n = 17). The mean duration of mechanical ventila-
tion was 14.29 * 12.81 d, and the mean length of stay in
the ICU was 14.72 = 9.08 d.

The endotracheal tubes had a mean internal diameter
size of 7.99 = 0.36 mm (range 7.0-8.5 mm). Most tubes
(66%) used were 8.5 mm in diameter. There was no statisti-
cally significant difference between Fio,, PEEP, mean air-
way pressure, and hemoglobin and hematocrit values in
baseline conditions (P > .05) (Table 2).

Oxygenation Behavior Measured With S0,

There was a significant increase in S,o, within groups
immediately after the open endotracheal suctioning with
the 0 PEEP Fio, + 0.20 method, with S,0, returning to
baseline values after 30 min in both interventions; how-
ever, the Spo, values were higher with the 0 PEEP Fyo, +
0.20 method compared to the O PEEP baseline Fjo,
method (Table 3). In the continuous analyses within
groups, there was a significant increase compared to the
basal values only in the 0 PEEP Fjp, + 0.20 method at 1
min after hyperoxygenation (P < .001), post-
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Table 2.  Comparison of Subjects’ Basal Conditions
Intervention I Intervention II P*
Hemoglobin, g/dL 10.9 (7.2-15.4) 11.5 (7.0-15.2) .26

Hematocrit, % 34.7 (23.5-53.5) 35.9 (21.0-53.7) .84

Data are presented as median (range). N = 38 subjects. Intervention I: 0 PEEP, baseline Fio,;
Intervention II: 0 PEEP, hyperoxygenation.
*Paired Wilcoxon test used for statistical comparison.

immediately (P < .001), at I min after (P < .001), and at
2 min after open endotracheal suctioning (P < .001)
(Fig. 3).

In both interventions, the 4 values were maintained
during the 5 suction procedures (P = .65 and P = .93). A
significant difference was found between the groups af-
ter hyperoxygenation (P = .003) and at all time points
measured (P < .001). No significant difference was
observed in baseline values and at 30 min after the pro-
cedure (Fig. 3).

It is noteworthy that, in the O PEEP baseline Fjo,
intervention, 6 subjects (15.8%) had hypoxemia (S0, <
90%), 2 subjects had S0, = 90% during and after 2 min,
and 3 (7.8%) subjects had Spo, = 90% after 30 min of
open endotracheal suctioning. In the 0 PEEP Fjq, + 0.20
method, 4 subjects had baseline hypoxemia (10.5%)
(Spo,< 90%) and 1 subject (7.8 %) exhibited S,0, = 90%
after 30 min following open endotracheal suctioning.

Ventilation Behavior Evaluated With Pgrco,

In the intragroup analysis, no significant changes were
observed in Pgrco, at any time point in either intervention
ie. (P =.11,P = .46, P = .29, and P = .32); the same was
noted in the between-group analysis ie. (P = .10, P = .50
and P = .98) (Table 3, Fig. 4). Emphasis should be given to
the baseline homogeneity of the interventions. In 0 PEEP
baseline Fio,, 27 subjects (71%) were isocapnic (Pgrco,=

—+—0 PEEP Baseline Fio,

927 —a-0 PEEP Fio, + 0.20
1 1 1 1 1 1 1 1 1 1
<@ N < < N < 5
AP SR I IR S S S
& N & &
AQ 6\- ,\((\ & &
oF S L
& <8
& N

Fig. 3. Changes in S0, before and after open endotracheal suction-
ing at different time points with 0 PEEP F,o, + 0.20 and 0 PEEP
baseline Fip,. tComparison between the groups. $Comparison
within the groups pre- and immediately after.

45 mm Hg) and 11 (29%) were hypercapnic (Pgrco,> 45
mm Hg); in 0 PEEP Fjp, + 0.20, 26 subjects were isocapnic
(68%) and 12 were hypercapnic (32%).

Discussion

In this study, we analyzed the behavior of S,o, and
Perco, in open endotracheal suctioning using the 0 PEEP
technique with Fjo, at baseline and 0 PEEP + hyperoxygena-
tion of 20% above the baseline value in critically ill
subjects receiving mechanical ventilation. The results indi-
cated that the 0 PEEP technique with or without hyperoxyge-
nation during the open endotracheal suctioning pro-cedure
was effective in maintaining adequate oxygenation, with a
median Spo, of 95%, as well as adequate ventilation, with a
median Pgrco, of 39.5 mm Hg. The PEEP to O PEEP Fyo, +
0.20 technique maintained adequate S,o, even in subjects
previously diagnosed with hypoxemia (Spo, = 88%).

Table 3. Changes in S,0, and Pgrco, During the Open Endotracheal Suctioning Procedure
Spo,, % Pgrco,, mm Hg
Tempo

Intervention I Intervention 11 P* Intervention I Intervention II pP*
Pre 0.94 (0.88-0.99) 0.95 (0.87-1.0) .19 39.5 (15-72) 40.5 (16-68) .10
Immediately after 0.95 (0.87-1.0) 0.99 (0.93-1.0) < .001 37 (11-75) 39.5 (16-71) .050
Pre x Immediately after P .63 <.001 A1 29
30 min after 0.96 (0.89-1.0) 0.95 (0.90-0.99) 17 39 (12-63) 40 (17-66) .98
Pre x 30 min after Pt .055 .89 46 32

Data are presented as median (range). Intervention I: 0 PEEP, baseline Fio, ; Intervention II: 0 PEEP, hyperoxygenation.

* Paired Wilcoxon test used for between comparison.
7 Paired Student  test for within comparison (Pre x Immediately after).
# paired Student ¢ test for within comparison (Pre x 30 min after).
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Fig. 4. Changes in Perco, before and after open endotracheal suc-
tioning at different time points with 0 PEEP Fio, + 0.20 and 0 PEEP
baseline Fio, .

Spo, is one of the most important advances in respiratory
monitoring. It is commonly used to assess oxygenation of
ICU subjects during open endotracheal suctioning, mainly
due to its the degree of accuracy and the ease of operation
of most pulse oximetry instruments.'***" The S, value
usually reflects S,0,, especially when > 90%, with normal
values of S,o, and S,o, ranging from 3% to 5%,
respectively.

Helayel et al’” reported that Syo, values = 99% ruled
out the possibility of S;0, < 90% in critically ill or surgi-
cal patients. Jubran et al’* considered that limits between
92% and 94% should be targets to avoid S,0, < 90%,
which corresponds to mild hypoxemia.”'** However,
Seguin et al> detected the absence of hypoxemia only
with Spo, values = 96% in critically ill subjects receiving
mechanical ventilation, ie, the value that would determine
Spo, = 90%. According to Torsani et al,”® 88-92% S0, is
typically accepted as ideal in clinical practice for critically
ill subjects. Nonetheless, Jubran’' reported that Syo, >
92% would be a satisfactory level of oxygenation for
mechanically ventilated subjects. Ghayumi et al*” recently
reported that S,o, = 94% can be used as a reliable and
accurate substitute for arterial blood gas for the assess-
ment of hypoxemia and that arterial blood gas analysis
should be limited to subjects with Spo, < 94%.

In this study, when considering the moments before and
immediately after open endotracheal suctioning, the median
S0, in O PEEP baseline Fio, was 94-95%; with the 0
PEEP + hyperoxygenation of 20% method, it was 95-99%,
maintaining oxygenation with or without hyperoxygena-
tion. It should be noted that the O PEEP baseline Fjo,
method was effective in preventing levels of S0, = 97%.

153
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However, in the 0 PEEP baseline Fjo, method, 4 subjects
(10%) presented with baseline Sy0, = 88% before open en-
dotracheal suctioning, and 3 subjects maintained Syo, =
90% during the procedure. In the 0 PEEP hyperoxygenation
method, 3 subjects (8%) exhibited baseline Sy, = 88%.
Sp0, = 94% was maintained in all subjects during the
procedure.

Clinical trials have indicated that there are no beneficial
effects of hyperoxia on critically ill subjects.*’ Prescription
of Fio, levels higher than are necessary to achieve arterial
oxygenation goals may further increase the risk of oxygen
toxicity.”' The use of Fio, = 1.0 has potential toxic effects
due to the release of large amounts of proinflammatory
cytokines and significant microvascular and muscular
changes, inducing severe lung injury.*%-4>°%-¢0

We investigated the delivery of 20% above baseline
Fio,, similar to a previous reported by Rogge et al** in 11
subjects with COPD, who compared the delivery of 20%
above baseline Fyo, to the delivery of Fjo, = 1.0 both com-
bined with manual lung hyperinflation, observing whether
the O, levels were properly maintained in both oxygen
therapies.

Souza et al’’ reported the effectiveness of Fip, + 0.20
delivery by comparing baseline Fjo, versus hyperoxyge-
nation with Fip, + 0.20 above baseline, combined with
conventional lung physiotherapy and bag squeezing tech-
nique in 30 critically ill subjects. Demir and Dramali®”
also reported that S,0, and P,o, without hyperoxygena-
tion was not significantly reduced in intubated subjects
undergoing mechanical ventilation with closed endotra-
cheal suctioning.

In the present study, the 0 PEEP technique with baseline
Fio, and the 0 PEEP Fjp, + 0.20 technique in open endotra-
cheal suctioning maintained adequate levels of Sjo, in crit-
ically ill subjects receiving mechanical ventilation.

Capnography is an effective noninvasive method in diag-
nosing early respiratory depression and airway disorders. It
also indirectly measures metabolism and circulation, esti-
mating P,co, with some accuracy, whereas the observed
gradient is minimal, with a significant difference of 2-5
mm Hg when comparing P,co, and Pgrco,. A normal aver-
age Pyco, value of 40 mm Hg has a capnometry reading of
35-38 mm Hg Pgrco,.*%

Savian et al*' observed an increase in CO, production
with the application of manual lung hyperinflation in sub-
jects under the volume control synchronized intermittent
mandatory ventilation mode. Ahmed et al®’ also reported
that ventilator hyperinflation provided better dynamic com-
pliance compared to manual hyperinflation.

Our study indicated that both interventions (ie, 0 PEEP
baseline Fjp, and 0 PEEP Fyo, + 0.20) maintained adequate
levels of Pgrco, in critically ill subjects undergoing me-
chanical ventilation in the moments before and after open
endotracheal suctioning, suggesting that the 0 PEEP
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technique can minimize the loss of lung volume due to pul-
monary de-recruitment with an open endotracheal suction-
ing system.

Berney and Denehy? and Savian et al’' described that
both hyperinflation methods (ie, manual hyperinflation
and ventilator hyperinflation) proved to be effective in
removing secretions and improving static lung compliance,
hemodynamics, and oxygenation. We used the 0 PEEP
technique, which was applied in only 3 studies without
hyperoxygenation, following the same patterns; ie, impos-
ing a gradual PEEP increase to 15 cm H,O, with peak pres-
sure limited to 40 cm H,O for 5 ventilatory cycles,
followed by an abrupt PEEP reduction. The variations
found were the different evaluation time periods (5 min,
10 min, or 3 sets of 5 ventilation cycles) with or without
manual chest compression.

Rodrigues®® reported that the 0 PEEP technique in com-
bination with manual chest compression was a safe tech-
nique in removing bronchial secretions in myocardial
revascularization subjects during the immediate postopera-
tive period. The 0 PEEP technique also allowed greater
control in respiratory mechanics, monitoring pressures and
flows delivered to the lungs. Santos et al*°, using the same
study design®® to compare the 0 PEEP technique combined
with manual chest compressions in 12 subjects undergoing
mechanical ventilation, reported a significant increase in
the respiratory system compliance in both techniques, with
no significant differences between them as well as favor-
able behavior of S;o, in the manual chest compressions
group. In a similar study with 20 subjects, Lobo et al** com-
pared the O PEEP technique combined with manual vibro-
compression with no hyperoxygenation versus a bag-
squeezing technique, using 5 L/m of oxygen (Fio, =
~0.40). The authors considered the 0 PEEP technique fea-
sible in critically ill subjects because its use did not cause
any significant hemodynamic repercussions. In 2011,
Herbst-Rodrigues et al* analyzed 15 subjects submitted to a
coronary artery bypass graft surgery and did not find altera-
tions in the hemodynamic variables (ie, Sy0, and Perco,),
confirming the safety of the O PEEP technique combined
with manual chest compressions when it is not used as
an alternative technique for the removal of bronchial
secretions.

In the present study, the removal of bronchial secretions
was not analyzed. We used the method of previous studies,
without association with manual chest compression and
with pressurization time and using 60 s in each series, and
we noted similar results in terms for the alterations in S0,
and Pgrco,. The O PEEP technique in the expiratory flow
bias concept is effective for mucus mobilization in the cen-
tral direction, maintaining the levels of S0, and Perco,.

It is noteworthy that the standardized 0 PEEP technique
appears to be a safe method in cardiovascular subjects,
given that no hemodynamic alterations were observed in
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those subjects in previous studies.**® The 0 PEEP applica-
tion time should not exceed 15 min, because there could be
repercussions for heart rate.* This technique should not be
used with subjects with COPD because potential detrimen-
tal effects of manual hyperinflation have been reported,
including increased intrinsic PEEP and its consequences.®®
Further research focusing on the effects of the 0 PEEP
method on subjects with COPD is required for a better
understanding of the potential benefits of this technique.

Open endotracheal suctioning may cause a significant
but transient loss of lung volume.®® The prevention of lung
volume loss is of paramount important because the high
shear forces between the open and closed lung units, com-
bined with lung de-recruitment, can be harmful to the
lungs.70 Therefore, future studies should focus on the fact
that lung volume loss should be avoided not only during
but also after open endotracheal suctioning using lung
recruitment strategies.

This study has limitations that are inherent to its design,
although no significant differences were noted in baseline
interventions and in the type of sample. A study population
with more homogeneous clinical features is likely to pro-
vide a better understanding of the results. Additional inves-
tigations are needed to compare different ventilatory modes
and strategies for the protection of pulmonary volume dur-
ing and after open circuit suctioning, as well as the impact
of the relationship between the diameter of the suction cath-
eter and the endotracheal tube volume losses during open
endotracheal suctioning.

Conclusions

The results indicated that an appropriate indication of
the hyperinflation strategy by mechanical ventilation
using the 0 PEEP technique with or without hyperoxy-
genation was efficient to maintain S,o, and Pgrco,
levels in critically ill subjects, suggesting that the tech-
nique minimized lung volume loss due to the open en-
dotracheal suctioning system. However, we recommend
the use of the O PEEP technique + 20% above the base-
line in subjects previously diagnosed with hypoxemia
because the 0 PEEP with hyperoxygenation + 0.20
above baseline Fjo, method avoided the loss of Syo, <
94%, even in subjects with S0, = 88%.

ACKNOWLEDGMENTS

The authors acknowledge the entire ICU team from Santa Casa de
Batatais and their families. Thanks are also due to Erica Moreira Oliveira
for her contribution to the pilot project.

REFERENCES

1. Sackner MA. Letter: tracheobronchial suction catheters. Chest
1976;70(2):318-320.

RESPIRATORY CARE ® DECEMBER 2020 VoL 65 No 12



11.

14.

15.

17.

PEEP anD O, DURING OPEN ENDOTRACHEAL SUCTIONING

. Landa JF, Kwoka MA, Chapman GA, Brito M, Sackner MA. Effects

of suctioning on mucociliary transport. Chest 1980;77(2):202-207.

. Keller C, Brimacombe J. Bronchial mucus transport velocity in para-

lyzed anesthetized patients: a comparison of the laryngeal mask air-
way and cuffed tracheal tube. Anesth Analg 1998;86(6):1280-1282.

. Herbst-Rodrigues MV, Vo C, Auler JOC Jr, Feltrim M. PEEP-ZEEP

technique: cardiorespiratory repercussions in mechanically ventilated
patients submitted to a coronary artery bypass graft surgery. J Cardiac
Surgery 2011;13(6):108-114.

. Jelic S, Cunningham JA, Factor P. Clinical review: airway hygiene in

the intensive care unit. Crit Care 2008;12(2):209-218.

. American Association for Respiratory Care. AARC Clinical Practice

Guidelines: endotracheal suctioning of mechanically ventilated
patients with artificial airways 2010. Respir Care 2010;55(6):758-764.

. Maggiore SM, Lellouche F, Pignataro C, Girou E, Maitre B, Richard

JC, et al. Decreasing the adverse effects of endotracheal suctioning
during mechanical ventilation by changing practice. Respir Care
2013;58(10):1588-1597.

. Maggiore SM, Lellouche F, Pigeot J, Taille S, Deye N, Durrmeyer X,

et al. Prevention of endotracheal suctioning-induced alveolar de-
recruitment in acute lung injury. Am J Respir Crit Care Med 2003;167
(9):1215-1224.

. Tingay DG, Copnell B, Grant CA, Dargaville PA, Dunster KR,

Schibler A. The effect of endotracheal suction on regional tidal venti-
lation and end-expiratory lung volume. Intensive Care Med 2010;36
(5):888-896.

. Morrow B, Futter M, Argent A. Effect of endotracheal suction on lung

dynamics in mechanically-ventilated paediatric patients. Australian J
Physiother 2006;52(2):121-126.

Avena MJ, de Carvalho WB, Beppu OS. Evaluation of oxygenation,
ventilation and respiratory mechanics before and after endotracheal
suction in mechanically ventilated children. Rev Assoc Med Bras
(1992) 2003;49(2):156-161.

. Main E, Castle R, Newham D, Stocks J. Respiratory physiotherapy vs.

suction: the effects on respiratory function in ventilated infants and
children. Intensive Care Med 2004;30(6):1144-1151.

. Heinze H, Sedemund-Adib B, Heringlake M, Gosch UW, Eichler W.

Functional residual capacity changes after different endotracheal suc-
tioning methods. Anesth Analg 2008;107(3):941-944.

Guglielminotti J, Desmonts JM, Dureuil B. Effects of tracheal suction-
ing on respiratory resistances in mechanically ventilated patients.
Chest 1998;113(5):1335-1338.

Seymour CW, Cross BJ, Cooke CR, Gallop RL, Fuchs BD.
Physiologic impact of closed-system endotracheal suctioning in spon-
taneously breathing patients receiving mechanical ventilation. Respir
Care 2009;54(3):367-374.

. Bourgault AM, Brown CA, Hains SM, Parlow JL. Effects of endotra-

cheal tube suctioning on arterial oxygen tension and heart rate variabil-
ity. Biol Res Nurs 2006;7(4):268-278.

Lasocki S, Lu Q, Sartorius A, Fouillat D, Remerand F, Rouby JJ.
Open and closed-circuit endotracheal suctioning in acute lung injury:
efficiency and effects on gas exchange. Anesthesiology 2006;104
(1):39-47.

. Sakuramoto H, Shimojo N, Jesmin S, Unoki T, Kamiyama J, Oki M,

et al. Repeated open endotracheal suctioning causes gradual desatura-
tion but does not exacerbate lung injury compared to closed endotra-
cheal suctioning in a rabbit model of ARDS. BMC Anesth 2013;13
(1):47-57.

. Briassoulis G, Briassoulis P, Michaeloudi E, Fitrolaki DM, Spanaki

AM, Briassouli E. The effects of endotracheal suctioning on the accu-
racy of oxygen consumption and carbon dioxide production measure-
ments and pulmonary mechanics calculated by a compact metabolic
monitor. Anesth Analg 2009;109(3):873-879.

RESPIRATORY CARE ® DECEMBER 2020 VoL 65 No 12

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

31.

32.

34.

36.

37.

Afshari A, Safari M, Oshvandi K, Soltanian AR. The effect of the
open and closed system suctions on cardiopulmonary parameters: time
and costs in patients under mechanical ventilation. Nurs Midwifery
Stud 2014;3(2):e14097.

Akgiil S, Akyolcu N. Effects of normal saline on endotracheal suction-
ing. J Clin Nurs 2002;11(6):826-830.

Stiller K. Physiotherapy in intensive care: towards an evidence-based
practice. Chest 2000;118(6):1801-1813.

Zeitoun SS, Barros A, Diccini S. A prospective, randomized study of
ventilator-associated pneumonia in patients using a closed vs. open
suction system. J Clin Nurs 2003;12(4):484-489.

Clement AJ, Hiibsch SK. Chest physiotherapy by the ‘bag squeezing’
method: a guide to technique. Physiotherapy 1968;54(10):355-359.
Berney S, Denehy L. A comparison of the effects of manual and venti-
lator hyperinflation on static lung compliance and sputum production
in intubated and ventilated intensive care patients. Physiother Res Int
2002;7(2):100-108.

Benjamin RG, Chapman GA, Kim CS, Sackner MA. Removal of
bronchial secretions by two-phase gas-liquid transport. Chest 1989;95
(3):658-663.

Volpe MS, Adams AB, Amato MB, Marini JJ. Ventilation patterns
influence airway secretion movement. Respir Care 2008;53(10):1287-
1294.

Rodrigues M. Estudo do comportamento hemodinamico, da troca
gasosa, da mecanica respiratoria e da analise do muco bronquico na
aplicagdo de técnicas de remogao de secregdo bronquica em pacientes
sob ventilagdo mecanica [Thesis]. Sdo Paulo. Faculdade de Medicina
da Universidade de Sdo Paulo 2007.

Lobo DML, Cavalcante LA, Mont’ Alverne DGB. Applicability of bag
squeezing and zeep maneuvers in mechanically ventilated patients.
Rev Bras Ter Intensiva 2010;22(2):186-191.

. Santos FRA, Schneider Junior LC, Forgiarini Junior LA, Veronezi J.

Efeitos da compressdo toracica manual versus a manobra de PEEP-
ZEEP na complacéncia do sistema respiratorio e na oxigenagdo de
pacientes submetidos a ventilagio mecanica invasiva. Rev Bras Ter
Intensiva 2009;21(2):155-161.

Savian C, Paratz J, Davies A. Comparison of the effectiveness of man-
ual and ventilator hyperinflation at different levels of positive end-ex-
piratory pressure in artificially ventilated and intubated intensive care
patients. Heart Lung 2006;35(5):334-341.

Oh H, Seo W. A meta-analysis of the effects of various interventions
in preventing endotracheal suction-induced hypoxemia. J Clin Nurs
2003;12(6):912-924.

. Jerre G, Beraldo MA, Silva T. D J, Gastaldi A, Kondo C, Leme F,

et al. Fisioterapia no paciente sob ventilacdo mecéanica. Rev Bras Ter
Intensiva 2007;19(3):399-407.

Rogge JA, Bunde L, Baun MM. Effectiveness of oxygen concentra-
tions of less than 100% before and after endotracheal suction in
patients with chronic obstructive pulmonary disease. Heart Lung
1989;18(1):64-71.

. Demir F, Dramali A. Requirement for 100% oxygen before and after

closed suction. J Adv Nurs 2005;51(3):245-251.

Diniz G, Oliveira HMD, Arrais RCS, Pessoa BP, Figueiredo PHS. A
utilizacdo de FiO2 inferior a 100% para hiperoxigenagdo de pacientes
estaveis submetidos a aspiragao endotraqueal. ASSOBRAFIR Ciéncia
2012;3(1):45-56.

Souza T, Souza R, Milani CM. Comportamento das variaveis cardior-
respiratdrias de pacientes em ventilagdo mecanica submetidos a aspir-
acdo traqueal sob diferentes niveis de fragdo inspirada de oxigénio.
Revista Eletronica Satde e Ciéncia 2012;2(5):63-77.

. Overend TJ, Anderson CM, Brooks D, Cicutto L, Keim M, McAuslan

D, Nonoyama M. Updating the evidence-base for suctioning adult
patients: a systematic review. Can Respir J 2009;16(3):e6-¢17.

1813



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

PEEP anD O, DURING OPEN ENDOTRACHEAL SUCTIONING

Ntoumenopoulos G. Endotracheal suctioning may or may not have an
impact, but it does depend on what you measure. Respir Care 2013;58
(10):1707-1710.

Gordo-Vidal F, Calvo-Herranz E, Abella-Alvarez A, Salinas-Gabina I.
Hyperoxia-induced pulmonary toxicity. Med Int 2010;34(2):134-138.
Phillips M, Cataneo RN, Greenberg J, Grodman R, Gunawardena R,
Naidu A. Effect of oxygen on breath markers of oxidative stress. Eur
Respir J 2003;21(1):48-51.

Valenca S, Kloss ML, Bezerra FS, Lanzetti M, Silva FL, Porto LC.
Efeitos da hiperéxia sobre o pulmao de ratos Wistar. J Bras Pneumol
2007;33(6):655-662.

Dawson-Saunders B, Trapp RG. Basic and clinical biostatistics, 2nd
ed. Norwalk, CT: Appleton and Lange; 1994:14-44.

Liu XW, Jin Y, Ma T, Qu B, Liu Z. Differential effects of endotracheal
suctioning on gas exchanges in patients with acute respiratory failure
under pressure-controlled and volume-controlled ventilation. Biomed
Res Int 2015;2015:941081.

Yousefi HVJ, Yazdannik AR. Comparison of the effects of two levels
of negative pressure in open endotracheal tube suction on the physio-
logical indices among patients in intensive care units. Iran J Nurs and
Midwifery Res 2014;19(5):473-477.

Fernandez MD, Piacentini E, Blanch L, Fernandez R. Changes in lung
volume with three systems of endotracheal suctioning with and with-
out pre-oxygenation in patients with mild-to-moderate lung failure.
Intensive Care Med 2004;30(12):2210-2215.

Chicayban LM, de Azevedo Silva M, Fagundes VB. PEEP-ZEEP com
compressdo tordcica e hiperinsuflacdo com ventilador mecanico:
ensaio clinico cruzado randomizado. Rev Bras Fisioter 2010;14(Suppl
1):529.

Auler JO Jr, Carmona MJ, Barbas CV, Saldiva PH, Malbouisson LM.
The effects of positive end-expiratory pressure on respiratory system
mechanics and hemodynamics in postoperative cardiac surgery
patients. Braz J Med Biol Res 2000;33(1):31-42.

Auler JOC Jr, Franchi AA, Coimbra VRM, de Carvalho MJ. Estudo
comparativo entre CO2 obtido por capnografia e gasometria no pos-
operatorio de cirurgia cardiaca. Rev Bras Anestesiol 1990;40(5):311-
318.

Coté CJ, Goldstein EA, Fuchsman WH, Hoaglin DC. The effect of
nail polish on pulse oximetry. Anesth Analg 1988;67(7):683-686.
Jubran A. Pulse oximetry. Crit Care 1999;3(2):R11-17.

Jubran A. Advances in respiratory monitoring during mechanical ven-
tilation. Chest 1999;116(5):1416-1425.

Helayel PE, de Oliveira Filho GR, Marcon L, Pederneiras FH,
Nicolodi MA, Pederneiras SG. Gradiente SpO2 - SaO2 durante venti-
lagdo mecanica em anestesia e terapia intensiva. Rev Bras Anestesiol
2001;51(4):305-310.

Jubran A, Tobin MJ. Reliability of pulse oximetry in titrating supple-
mental oxygen therapy in ventilator-dependent patients. Chest
1990;97(6):1420-1425.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Seguin P, Le Rouzo A, Tanguy M, Guillou YM, Feuillu A, Malledant
Y. Evidence for the need of bedside accuracy of pulse oximetry in an
intensive care unit. Crit Care Med 2000;28(3):703-706.

Torsani VMJ, Costa E. Monitorizacdo na insuficiéncia respiratoria
aguda. Pneumologia Paulista 2013;27(1):31-33.

Ghayumi SM, Khalafi-Nezhad A, Jowkar Z. Pulse oximeter oxygen
saturation in prediction of arterial oxygen saturation in liver transplant
candidates. Hepat Mon 2014;14(3):e15449.

Lopes CR, Sales ALM, Simdes MDIJ, Angelis MA, Oliveira NML.
Efeitos agudos da ventilagio mecanica com hiperoxia na morfometria
do diafragma de ratos. Rev Bras Fisioter 2009;13(6):487-492.

Pereira DS, Silva BAK, Aydos RD, Carvalho PTC, Odashiro AN,
Oliveira L. Efeitos da alta concentragao de oxigénio (hiperdxia) por
tempo prolongado no tecido pulmonar de ratos wistar revista biocién-
cias. UNITAU 2008;14(2):100-116.

Bhandari V, Choo-Wing R, Lee CG, Zhu Z, Nedrelow JH, Chupp GL,
et al. Hyperoxia causes angiopoietin 2-mediated acute lung injury and
necrotic cell death. Nat Med 2006;12(11):1286-1293.

McArthur CD, AARC. AARC Clinical Practice Guideline: capnogra-
phy/capnometry during mechanical ventilation-2003 revision &
update. Respir Care 2003;48(5):534-539.

Becker DE, Casabianca AB.. Respiratory monitoring: physiological
and technical considerations. Anesth Prog 2009;56(1):14-20.

Muiioz L, Morales CP, Carro JS. Capnografia, la evolucion en la mon-
itorizacion del paciente critico. Zona TES 2013(1):16-23.

Bongard F, Sue D. Pulse oximetry and capnography in intensive and
transitional care units. West J Med 1992;156(1):57-64.

Giner J, Casan P. Determinacion de la pulsioximetria y de la capnogra-
fia en el laboratorio de funcion pulmonar. Arch Bronconeumol
2004;40(7):311-314.

Tavernier B, Rey D, Thevenin D, Triboulet JP, Scherpereel P. Can
prolonged expiration manoeuvres improve the prediction of arterial
PCO2 from end-tidal PCO2? Br J Anaesth 1997;78(5):536-540.
Ahmed F, Shafeeq AM, Moiz JA, Geelani MA. Comparison of effects
of manual versus ventilator hyperinflation on respiratory compliance
and arterial blood gases in patients undergoing mitral valve replace-
ment. Heart Lung 2010;39(5):437-443.

Ntoumenopoulos G. Indications for manual lung hyperinflation (MHI)
in the mechanically ventilated patient with chronic obstructive pulmo-
nary disease. Chron Respir Dis 2005;2(4):199-207.

Corley A, Spooner AJ, Bamett AG, Caruana LR, Hammond NE,
Fraser JF. End-expiratory lung volume recovers more slowly after
closed endotracheal suctioning than after open suctioning: a random-
ized crossover study. J Crit Care 2012;27(6):742 e1-7.

Lachmann B. Open up the lung and keep the lung open. Intensive
Care Med 1992;18(6):319-321.

This article is approved for Continuing Respiratory Care Education
credit. For information and to obtain your CRCE
(free to AARC members) visit
www.rcjournal.com

CRCE

CONTINUING RESPIRATORY
‘CARE EDUCATION

1814

RESPIRATORY CARE ® DECEMBER 2020 VoL 65 No 12



