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BACKGROUND: Percutaneous dilational tracheostomy (PDT) can potentially lead to hypoxia and
alveolar derecruitment. The aim of this prospective study was to evaluate the efficacy of performing
a recruitment maneuver (RM) before tracheostomy, in order to improve oxygenation. METHODS:
We enrolled 29 eligible trauma patients with acute lung injury criteria requiring tracheostomy in
a university ICU. Subjects were ventilated on volume controlled mechanical ventilation (tidal
volume of 6 mL/kg) and FIO2

set at 1.0. Subjects were randomized into 2 groups: RM group
(subjects who underwent RM 10 min before PDT, 15 subjects) and no-RM group (subjects without
application of RM before PDT, 14 subjects). RM was performed by imposition of continuous
positive airway pressure of 40 cm H2O for 40 seconds. We collected gas exchange, respiratory, and
hemodynamic data 5 times: 1 hour before RM, 5 min after RM, 5 min after PDT, 30 min after PDT,
and 6 hours after PDT. RESULTS: Subjects who underwent RM had a significant increase in PaO2

;
5 min after the maneuver, PaO2

increased from 222.6 � 33.4 mm Hg to 341.3 � 33.1 mm Hg
(P < .01) and was always significantly maintained throughout the following times of the study,
compared to the no-RM group: in the RM and no-RM groups, respectively, 260.7 � 35.4 mm Hg
vs 108.5 � 36.9 mm Hg 5 min after PDT; 285.6 � 29.1 mm Hg vs 188.4 � 21.4 mm Hg 30 min after
PDT; and 226.3 � 24.8 mm Hg vs 147.6 � 42.8 mm Hg 6 h after PDT (P < .01). CONCLUSIONS:
Our study suggests that application of RM before PDT could be useful to avoid hypoxemia following
such procedure, by reducing fall in PaO2

and preventing the decrease in oxygenation values below
baseline at 6 hours. Key words: alveolar derecruitment; tracheostomy; recruitment maneuver; acute
lung injury; hypoxemia; lung ventilation. [Respir Care 2012;57(11):1850–1856. © 2012 Daedalus En-
terprises]

Introduction

Patients with acute lung injury (ALI) and ARDS are
likely to be ventilated mechanically for a long period of

time, and often require percutaneous dilational tracheos-
tomy (PDT).1 Endoscopic guidance has increased the safety
of this procedure1; nevertheless, ventilator disconnection
and the use of a bronchoscope potentially lead to hyper-
carbia, hypoxia, and alveolar derecruitment (AD).2-4 More-
over, these patients require a lung-protective ventilation
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strategy with low tidal volume (VT),5,6 and this contributes
as well to increased AD. Recruitment maneuvers (RMs)
have been introduced as an important component of lung-
protective ventilation strategy.7,8 Lung volume recruitment
refers to the dynamic process of opening previously col-
lapsed lung units through a transient increase in transpul-
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monary pressure.9 The utility of RMs in increasing oxy-
genation and limiting AD has been demonstrated in patients
with ALI-ARDS,9-14 during general anesthesia, mainly in
some surgical procedures15 and in conditions associated
with AD, such as endotracheal suctioning16,17 or endotra-
cheal intubation.18 On these occasions RMs were applied
only after the various procedures, when AD had already
occurred, and not in order to prevent it.

Setting RM after these procedures may not always be
feasible because of patient instability (eg, bleeding, hypo-
tension) and risks related to RM’s side effects, such as
hemodynamic impairment and barotrauma.19,20

The aim of the study was to evaluate the utility and
reliability of RM performed before PDT, in order to im-
prove oxygenation by preventing AD in ALI patients.

Methods

We performed a prospective randomized study in our
university hospital ICU. Approval from the institutional
review board was obtained, along with written informed
consent from subjects or their legal representative. We
enrolled 29 eligible trauma patients (18 male, 11 female)
with the ALI criteria of the American-European Consen-
sus Conference21 requiring tracheostomy. Inclusion crite-
ria were: age over 18 years; presence of a pulmonary
artery catheter; intracranial pressure � 20 mm Hg (in pa-
tients with brain trauma); absence of active air leak (pneu-
mothorax, subcutaneous emphysema, pneumomediasti-
num) and obstructive airways disease; and hemodynamic
stability (defined as mean arterial pressure � 70 mm Hg
and cardiac index � 2.2 L/min/m2).9,22,23 Subjects were
classified on the basis of their admission diagnosis and
their comorbidities, according to the definitions of the Ital-
ian group for the evaluation of intervention in intensive
care.24

Subjects were randomized into 2 groups, using a closed
envelope system: subjects who underwent RM (15 sub-
jects) 10 min before PDT, and subjects who did not un-
dergo RM (14 subjects). All subjects were orally intu-
bated; sedated with propofol 2% (0.5–2 mg/kg/h) or
midazolam (0.5–2 �g/kg/h) and fentanyl (0.5–1 �g/kg/h);
paralyzed with atracurium from 60 min before the proce-
dure; and equipped with radial arterial catheter, central
venous catheter, and pulmonary artery catheter (7 French,
Baxter, Irvine, California). Subjects were on volume con-
trolled mechanical ventilation with a VT of 6 mL/kg (Ser-
vo-i, Maquet, Bridgewater, New Jersey) and respiratory
rate allowing the maintenance of a PaCO2

� 45 mm Hg.
FIO2

was set at 1.0, and inspiration/expiration time ratio at
1:2 at all times of the study. PEEP was set on the basis of
the inflection points of the pressure-volume (P-V) curve;
in the absence of the lower inflection point, PEEP was set
during an incremental PEEP trial, using the oxygenation

response as the primary end point. Intrinsic PEEP was also
measured and recorded.

During PDT, subjects received 100% oxygen at main-
tenance PEEP, without changing the respirator’s settings.
PDT was always performed with a single conically formed
dilator (Blue Rhino, Cook Medical, Bloomington, Indi-
ana).1 All steps of the procedure and positioning of the
tracheostomy tube were controlled bronchoscopically.
Blood and secretions were removed by bronchoscopy over
the tracheostomy tube prior to resumption of mechanical
ventilation. Chest radiography was performed to exclude
complications.

Measurements

A P-V curve of the respiratory system was performed
using the multiple occlusion method, as described by
Levy,25 60 min before PDT. Static pressures were recorded
during a 3 second pause at end-inspiration, up to an airway
pressure of 50 cm H2O, while VT was changed in a ran-
dom order. Subjects were ventilated with a normal VT

between the test breaths, just to avoid lung derecruitment.
We developed the P-V curve on graph paper and we vi-
sually identified the lower inflection point. The intersec-
tion of tangents drawn to the lower flat portion and to the
linear mid-portion of the curve helped to identify the lower
inflection point, which corresponds to the point where the
slope of the P-V curve changes abruptly. The respiratory
and metabolic parameters collected were peak airway pres-
sure, plateau pressure, PEEP, end-tidal partial pressure of
CO2, quasi-static compliance of the respiratory system,
arterial pH, PaO2

, PaCO2
, dead space fraction (VD/VT), and

intrapulmonary shunt fraction. They were recorded 60 min
before tracheostomy (1 h before RM), 5 min after RM,
5 min after mount tube exchange, 30 min after PDT, and
6 hours after PDT.

Compliance of the respiratory system and intrapulmo-
nary shunt fraction were calculated with the conventional

QUICK LOOK

Current knowledge

Bedside percutaneous dilatational tracheostomy in me-
chanically ventilated patients can lead to hypoxemia,
resulting from loss of airway pressure and alveolar col-
lapse.

What this paper contributes to our knowledge

Application of a recruitment maneuver prior to percu-
taneous tracheostomy at the bedside avoids hypoxemia
immediately following the procedure and up to 6 hours
after the procedure.
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formulas. VD/VT was estimated by rearranging the Bohr
equation and assuming a respiratory quotient � 1. At the
same times, mean arterial pressure was recorded and car-
diac output was calculated by thermodilution with the pul-
monary artery catheter. According to randomized criteria,
15 subjects underwent RM. A unique session of RM was
delivered 10 min before tracheostomy, by switching the
ventilator to continuous positive airway pressure, and rap-
idly increasing the PEEP level up to 40 cm H2O for 40 sec-
onds. During the RM the maximum peak airway pressure
tolerated was 40 cm H2O. The RM was stopped in case of
hypotension (systolic arterial pressure � 90 mm Hg)22 or
severe hypoxemia (SaO2

� 80%). At the end of PDT, chest
radiography was performed to exclude complications. Pre-
vious 24-hour fluid balance was recorded.

Statistical Analysis

Statistical analysis was performed using statistics soft-
ware (SPSS 11.5, SPSS, Chicago, Illinois, and Prism 4.0,
GraphPad Software, San Diego, California). We calcu-
lated that at least 7 subjects would be required in each
group to allow analysis of a 50 mm Hg increase in mean
PaO2

5 min after PDT between 2 groups, assuming a sta-
tistical significance level of 95% (� � .05) and a mini-
mum power of 90% (� � .10). All data are presented as
mean � SD or number and percentage when appropriate.
To test normal distribution, the Kolmogorov-Smirnov test
was used. To analyze statistical differences the indepen-
dent-samples t test, chi-square test, or analysis of variance
for repeated measurements were used. A P value less than
.05 was considered statistically significant.

Results

Subject characteristics are reported in Table 1. Average
intubation time before PDT and average duration of the
PDT procedure were not significantly different between
the 2 groups. Respiratory and hemodynamic parameters of
the 2 groups at baseline are shown in Table 2; they did not
show significant differences between the 2 groups. One
subject needed interruption of the RM after about 25–
30 seconds, due to severe hypotension (systolic arterial
pressure � 90 mm Hg) during the procedure. However, he
was included in the analysis. Subjects who underwent RM
(RM group) had a significant increase in PaO2

/FIO2
(Ta-

ble 3, Figure); 5 min after RM, PaO2
increased from

222.6 � 33.4 mm Hg to 341.3 � 33.1 mm Hg (P � .01).
The increase in PaO2

in the RM group was always signif-
icantly maintained throughout the following times of the
study (5 min and 30 min after PDT, respectively,
260.7 � 35.4 mm Hg and 285.6 � 29.1 mm Hg), com-
pared to the no-RM group (5 min and 30 min after PDT,

respectively, 108.5 � 36.9 mm Hg and 188.4 � 21.4 mm Hg,
P � .01).

Since we were interested in changes in oxygenation
during the procedure, PaO2

values at the different times
were normalized to the 1 h before RM values (see Figure);
the fall in PaO2

5 min after PDT was significantly higher in
the no-RM group (55.9 � 14.4% in no-RM vs 37.9 � 14.6%
in RM, P � .01) (see Figure). Five subjects in the no-RM
group had a PaO2

� 80 mm Hg 5 min after PDT, and 2 of
these subjects fell under a critical value of 60 mm Hg. Six
hours after PDT, PaO2

values in the RM group returned
similar to basal values, but were significantly higher than
in the no-RM group (226.3 � 24.8 mm Hg vs
147.6 � 42.8 mm Hg, RM vs no-RM, respectively, P � .01)
(see Table 3). The no-RM group did not achieve basal
values at 6 hours after PDT (147.6 � 42.8 mm Hg vs
246.7 � 26.0 mm Hg 6 hours after PDT vs 1 h before RM
in the no-RM group, P � .01) (see Table 3). PaCO2

in-
creased in the 2 groups 5 min after PDT (50.6 � 10.2 mm Hg
in the RM group and 46.8 � 4.3 mm Hg in the no-RM
group) and returned near to baseline values at 30 min after
PDT (see Table 3). VD/VT did not show significant vari-
ations in the 2 groups at the different times of the study
(see Table 3). Cardiac output values, recorded at 1 h be-
fore RM and 5 min after RM, were not significantly dif-
ferent between the 2 groups. No short-term complications
were observed in either group.

Table 1. Baseline Demographic and Clinical Characteristics of
Subjects

RM
(n � 15)

No RM
(n � 14)

P

Age, y 70.2 � 11.6 64.1 � 13.0 .19
Weight, kg 79.1 � 11.0 80.5 � 14.7 .77
Male, no. (%) 10 (66.6) 8 (57.1) .89
APACHE II score 22.2 � 6.9 21.4 � 5.5 .73
Days before PDT 7.9 � 2.4 8.3 � 4.9 .78
Duration of procedure, min 21.4 � 9.4 20.1 � 5.3 .65
Diagnosis of Admission, no. (%)

Polytrauma 9 (60.0) 8 (57.1) � .99
Head trauma 5 (33.3) 5 (35.7) .79
Chest trauma 1 (6.6) 1 (7.1) .49

Comorbidities, no. (%)
Diabetes 3 (20.0) 4 (28.5) .92
Hypertension 6 (40.0) 7 (50) .87
Kidney failure 1 (6.6) 0 .97
Cardiopathy 2 (13.3) 4 (28.5) .58
Arrhythmias 1 (6.6) 1 (7.1) .49
None 2 (13.3) 1 (7.1) .95

� Values are mean � SD.
RM � recruitment maneuver
APACHE II � Acute Physiology and Chronic Health Evaluation
PDT � percutaneous dilational tracheostomy.
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Discussion

To our knowledge this is the first prospective random-
ized study that evaluates the application of an RM before
PDT in order to improve oxygenation in ALI patients. Our
aim was to investigate the extent and duration of the effect
on arterial oxygenation and to determine the utility and
reliability of RM in this clinical setting. The major finding
of this study was a significant improvement in arterial
oxygenation after PDT in subjects who underwent RM.
We used continuous positive airway pressure at 40 cm H2O
for 40 seconds, as shown by Lapinsky and colleagues,26

10 min before PDT (1 h before RM) in 15 subjects. Ox-
ygenation was improved 5 min after RM, worsened 5 min
after PDT, and increased at 30 min after PDT; at all the
stages PaO2

remained significantly higher than in the con-
trol group (see Figure). There were no changes in FIO2

or
PEEP that might mask improvements in gas exchange due
to RM. This effect was transient because, 6 hours after
PDT, PaO2

values in the RM group returned similar to
baseline values (1 h before RM), but the control group (no
RM) did not achieve the basal values (1 h before RM)
6 hours after PDT.

Although PDT is a safe procedure,27 hypoventilation,
hypoxemia, and hypercarbia may occur during the proce-
dure, especially in patients with lung injury.2 Also, our
data showed a fall in PaO2

and a mild rising in PaCO2
in both

groups 5 min after PDT, but the PaCO2
modifications were

not statistically significant. In accordance with other stud-
ies, our data do not reveal any significant changes in VD/VT

or PaCO2
.7,10 This can be explained by the fact that varia-

tions in PaCO2
and end-tidal partial pressure of CO2 would

be proportionate to carbon dioxide production (V̇CO2
) only

after a prolonged washout time of blood (about 20–30 min)
and tissue CO2 stores, while V̇CO2

returns to the value
corresponding to metabolic rate with the system at new
steady state.28 Our blood samples were collected and VD/VT

was calculated. Alveolar recruitment and derecruitment
seem to be time-dependent mechanisms, and increased
levels of positive pressure may require prolonged applica-
tion for full effect on lung volume to occur.10

The effectiveness of RM in reducing hypoxemia sec-
ondary to AD was reported in many studies. This process
can be accomplished through a variety of methods, includ-
ing sustained inflation at high pressure, intermittent sighs,
and stepwise increases in PEEP or peak airway pressure.7,14

RM has been introduced as an important component of a
lung-protective ventilation strategy in ALI-ARDS patients,
where AD may occur during low-VT ventilation.11 Differ-
ent settings of RM have been studied, with variable re-
sults.8-12 In these patients the utility of RM was also eval-
uated in specific conditions associated with hypoxygenation
and AD (for example accidental disconnection from the
ventilator, open-circuit endotracheal suctioning, endobron-
chial fiberoptic procedure, and ventilator malfunction re-
quiring ventilator replacement).

Lapinsky and Mehta recommended that, following such
events, RM can be performed.8 Dyhr and co-workers
showed that an RM immediately following endotracheal
suctioning was as an adjunct to PEEP, effective in rapidly
counteracting the deterioration in PaO2

and lung volume
derecruitment caused by endotracheal suctioning in venti-
lator treated patients with ALI/ARDS.16 Maggiore and co-
workers studied endotracheal suctioning in ALI patients
and showed the utility of an RM during endotracheal suc-
tioning in counteracting AD and fall of oxygenation.17

Constantin and colleagues also demonstrated the effective-
ness of a RM applied immediately after intubation in re-
ducing short-term hypoxemia in hypoxemic critical ill pa-
tients.18 In these studies RM was always performed after
the event associated with AD, when it was already estab-
lished; on the contrary in our study we applied RM before
the event, in order to prevent hypoxia due to AD. Besides,
the risk of adverse events was lower before PDT than
after, because patients had more stable conditions. In fact,
in the postoperative period, PDT may be associated with

Table 2. Ventilatory and Hemodynamic Parameters of the 2 Subject
Groups at Baseline

RM
(n � 15)

No RM
(n � 14)

P

VT, mL 496.6 � 61.8 504.8 � 67.8 .74
V̇E, L/min 10.3 � 2.1 10.1 � 1.9 .79
Pplat, cm H2O 26.2 � 1.8 25.6 � 1.5 .34
Ppeak, cm H2O 29.1 � 2.6 28.6 � 2.1 .58
Intrinsic PEEP, cm H2O 2.1 � 1.9 1.8 � 1.6 .65
Applied PEEP, cm H2O 12.6 � 2.7 12.4 � 2.3 .83
PETCO2

, mm Hg 4.8 � 0.4 4.6 � 0.7 .35
pH 7.44 � 0.04 7.45 � 0.02 .41
CRS, mL/cm H2O 43.7 � 12.4 44.2 � 11.1 .91
Mean arterial pressure,

mm Hg
96.3 � 12.6 95.7 � 14.1 .91

Heart rate, beats/min 81.3 � 17.1 82.6 � 18.1 .84
Sv�O2

, % 75.8 � 9.4 77.2 � 6.2 .64
Q̇S/Q̇T, mean � SD % 22.8 � 5.1 20.8 � 5.6 .32
Fluid balance, mL in the

past 24 h
–712.4 � 567.4 –855.0 � 868.2 .60

Values are mean � SD
RM � recruitment maneuver
VT � tidal volume
V̇E � minute volume
Pplat � plateau pressure
Ppeak � peak pressure
PETCO2 � partial pressure of end-tidal CO2

CRS � quasistatic compliance of the respiratory system
Sv�O2 � mixed venous oxygen saturation
Q̇S/Q̇T � shunt fraction.
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early and late complications, like bleeding and pneumo-
thorax, which could represent a contraindication to RM.3

Although RM is generally well tolerated, sometimes
several complications may occur. Hypotension (12%) and
desaturation (9%) are the most frequent. Serious compli-
cations, including barotrauma and arrhythmia, are uncom-
mon.7,29 Also bacterial translocation has been supposed
but not clearly demonstrated.8 RM may impair hemody-
namics by decreasing venous return and right ventricular
preload, and by increasing pulmonary vascular resistance
and right ventricular afterload19,29; however, these effects
are very transient and after few minutes arterial pressure
and cardiac output return to basal values.30

Our study did not reveal major complications. In par-
ticular, we did not observe any significant decrease in
mean arterial pressure, stroke volume, or cardiac output

after the RM. Only one subject needed interruption of RM
due to severe hypotension (systolic arterial pressure
� 90 mm Hg). To better interpret our results, some lim-
itations need to be stressed. The number of subjects in-
cluded in our study is relatively small because we selected
only patients with ALI in the absence of hemodynamic
instability and substantial arrhythmias. We believe that
further evaluation in a larger randomized controlled clin-
ical trial could be useful, including also patients with ARDS.
The P-V curve procedure may have induced some recruit-
ment that may have favored the no-RM group. On the
contrary, use of FIO2

of 1.0 may have exacerbated dere-
cruitment in the no-RM group, favoring the RM group.
However, it is important to consider that use of high FIO2

is common during tracheostomy. Reduction of fall in PaO2

is not clinically related with a better patient outcome, but
we think that the gain in PaO2

obtained after RM allows us
to perform an invasive procedure such as PDT more safely,
especially in high severity patients.

As we investigated a specific type of RM, it is possible
that different results could be obtained by using other ma-
neuvers. Besides, we applied RM only once and we did
not increase PEEP after the maneuver. Six hours after
PDT, PaO2

values in the RM group were similar to baseline
values. Previous studies have proven that the positive ef-
fect on oxygenation due to RM is transient,7-9 so it could
be appropriate to increase the PEEP level or repeat RM
after PDT, in order to maintain the improvement in PaO2

.
Finally, evaluating alveolar recruitment only by gas ex-
change data may be a limitation of our study. In fact,
arterial oxygenation is a complex physiologic parameter
related to several factors, such as lung aeration, but also
pulmonary blood flow, mixed venous saturation and car-
diac output, whereas alveolar recruitment has a precise
anatomical basis.31

Table 3. Changes of the Main Respiratory and Hemodynamic Parameters of the 2 Groups at the Different Times of the Study

Before RM
5 Min

After RM
5 Min

After PDT
30 Min

After PDT
6 Hours

After PDT

PaO2
, mm Hg RM 222.6 � 33.4 341.3 � 33.1*† 260.7 � 35.4*† 285.6 � 29.1*† 226.3 � 24.8*

No RM 246.7 � 26.0 245.5 � 26.7 108.5 � 36.9 188.4 � 21.4 147.6 � 42.8
PaCO2

, mm Hg RM 42.5 � 4.9 43.5 � 6.2 50.6 � 10.2 43.4 � 5.5 41.5 � 5.4
No RM 38.9 � 6.0 40.2 � 9.2 46.8 � 4.3 38.5 � 4.8 39.8 � 3.9

VD/VT, % RM 51.2 � 7.5 49.2 � 7.2 51.1 � 12.3 52.6 � 12.7 50.7 � 5.5
No RM 50.2 � 12.8 50.9 � 17.8 55.0 � 11.9 51.7 � 13.7 51.6 � 10.3

Cardiac output, L/min RM 5.6 � 2.9 5.1 � 1.9
No RM 5.4 � 2.4 5.2 � 2.0

* P � .01 between the recruitment maneuver (RM) and no RM groups.
† P � .01 with respect to before RM.
VD/VT � dead space fraction

Figure. Percentage variations of PaO2
at the different times of the

study among the 2 groups of subjects. Since we were interested
in changes in oxygenation during the procedure, PaO2

values at the
different times were normalized to the 1 hour before recruitment
maneuver (RM) values. * P � .01 between groups (RM vs no RM).
† P � .01 with respect to 1 hour before RM in the RM group.
PDT � percutaneous dilational tracheostomy.
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Conclusions

In conclusion, our study shows that application of RM
before PDT acutely reduces fall in oxygenation associated
with ventilator disconnection and use of bronchoscope.
Moreover, it prevents PaO2

decrease below baseline values
at 6 hours, confirming its utility in avoiding hypoxemia
following such invasive procedures. However, this effect
is transient if the maneuver is not repeated or followed by
an adjustment of the PEEP level. In our experience, RM is
safe and free from major complications. Further studies
are required to determine if the RM preventing transient
deterioration in oxygenation is associated with longer term
improvement in outcomes.
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