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ABSTRACT

INTRODUCTION: Obesity is associated with increased risk of hypercapnic respiratory failure, prolonged duration on mechanical ventilation,
and extended weaning periods.

OBJECTIVE: Pilot study to determine whether morbidly obese adult tracheotomized subjects (body mass index [BMI]=40) can be more
efficiently weaned from the ventilator by optimizing their positive end-expiratory pressure (PEEP) using either an esophageal balloon or the
best achieved static effective compliance.

METHODS: We randomly assigned 25 morbidly obese adult tracheotomized subjects (median [interquartile range] BMI 53.4 [26.4]; range
40.4-113.8) to 1 of 2 methods of setting PEEP; using either titration guided by esophageal balloon to overcome negative transpulmonary
pressure (Ptp) (goal Ptp 0-5cmH,0) (ESO group) or titration to maximize static effective lung compliance (Cstat group). Our outcomes of
interest were number of subjects weaned by day 30 and time to wean.

RESULTS: At day 30, there was no significant difference in percentage of subjects weaned. 8/13 subjects (62%) in the ESO Group were
weaned vs. 9/12(75%) in the Cstat Group (P=0.67). Among the 17 subjects who weaned, median time to ventilator liberation was significantly
shorter in the ESO group: 3.5days vs Cstat group 14days (P=.01). Optimal PEEP in the ESO and Cstat groups was similar (ESO
mean =SD=26.5+5.7cmH,0 and Cstat 24.2 =7 cmH,O (P=.38).

CONCLUSIONS: Optimization of PEEP using esophageal balloon to achieve positive transpulmonary pressure did not change the propor-
tion of patients weaned. Among patients who weaned, use of the esophageal balloon resulted in faster liberation from mechanical ventila-
tion. There were no adverse consequences of the high PEEP (mean 25.4; range 13-37 cmH,0) used in our study. The study was approved
by the Institutional Review Board at our institution (UMCIRB#10-0343) and registered with clinicaltrials.gov (NCT02323009).
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Introduction
Obesity is associated with increased risk of hypercapnic res-
piratory failure,’? prolonged duration on mechanical ventila-
tion and extended weaning periods.3* It is also a known cause
of restrictive respiratory physiology, low lung volumes,” and
overall decreased lung, chest wall, and respiratory system com-
pliance.®” It is postulated that chest wall compliance in the
obese subjects may be as low as 35% of that of normal subjects®
and studies have shown that this compliance is further
decreased in the supine and recumbent positions.”*10

When airflow is zero (end-inspiration or end-expiration),
the principal force maintaining lung inflation is transpulmo-
nary pressure (Ptp),!! which is the difference between alveolar
pressure and pleural pressure (Ppl).12 In mechanically ventilated
subjects without active respiratory efforts or air-trapping, the
airway (alveolar) pressure measured at end-expiration is

equivalent to the applied positive end-expiratory pressure
(PEEP). Although PEEP has traditionally been used to
improve oxygenation, prevent atelectasis, and avoid atelec-
trauma, the optimal levels for alveolar recruitment and stabili-
zation remain elusive.’>?! In subjects with acute respiratory
distress syndrome, esophageal balloon—guided setting of PEEP
to achieve end-expiratory Ptp between 0 and 10cm of water
was shown to significantly improve oxygenation and respira-
tory system compliance.?? There is one case report of dramatic
improvements in oxygenation and ventilator weaning after
PEEP was adjusted to maintain a positive Ptp.?3

Pleural pressures are estimated in clinical settings by meas-
urement of esophageal pressures using an esophageal bal-
loon.™:2425 T'his technique has been validated in healthy human
subjects (obese and morbidly obese subjects inclusive) and
shown to be applicable in critically ill subjects®1226-32 as well as
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in subjects being weaned from mechanical ventilation.?* A
recent report summarizes the current physiological and techni-
cal knowledge on esophageal pressure measurements and its
utility in patients receiving mechanical ventilation.?4

We speculated that mechanically ventilated morbidly obese sub-
jects may fail to wean because traditionally applied PEEP levels are
insufficient to generate adequate airway pressures necessary to over-
come the high pleural pressures and decreased chest wall compli-
ance imposed by the excessive chest and abdominal wall mass.6733-36
We acknowledged that PEEP levels may be titrated using an
esophageal balloon or by adjustment to best achieved static compli-
ance (Cstat)*”® and posited that PEEP levels titrated using an
esophageal balloon to maintain a positive Ptp 0 to 5cmH,O (tar-
geting as close to 0 as possible) might lead to improved outcomes
with respect to weaning this subset of subjects.

Materials and Methods
Study design

The study was conducted in a university teaching hospital with
a 9-bed respiratory intermediate unit (RIU). Prospectively
enrolled morbidly obese subjects admitted from January 2011
through September 2013 were randomized in a simple 1:1
ratio to 1 of 2 protocols for setting PEEP using either an
esophageal balloon (ESO group) or static effective compliance
(Cstat group) as further explained below.

The study was approved by the Institutional Review Board
at our institution (UMCIRB#10-0343) and registered with
clinicaltrials.gov (NCT02323009). Written informed consent
was obtained from all subjects, their next of kin or other sur-
rogate decision maker as appropriate.

Study subjects

Tracheotomized morbidly obese adult subjects (body mass index
[BMI] = 40; age > 18 years) with recent admission to the inten-
sive care unit, for non-ARDS hypoxic and/or hypercapnic res-
piratory failure with need for intubation and mechanical
ventilation, with subsequent tracheostomy creation for failure to
liberate from the ventilator were enrolled if they had failed at
least one post-tracheostomy weaning attempt during their index
hospitalization. Subjects were excluded if there was any active
lung, neuromuscular, or cardiac disease that would preclude ven-
tilator weaning. We also excluded subjects with naso-facial,
esophageal, or other gastrointestinal abnormalities that would
contraindicate placement of an esophageal balloon. Subjects
were required to tolerate pressure support ventilation (PSV)
mode with fractional inspired oxygen (FiO,) of 0.6 or less for at
least 24 hours prior to enrollment. Subjects who were hemody-
namically unstable or unable to tolerate PSV were excluded
from the study. A total of 25 subjects were prospectively enrolled.

Study treatments

Subjects randomized to the Cstat group had PEEP adjusted
to achieve the best static effective compliance (Cstat) as

automatically calculated and displayed on the graphic inter-
phase of the Hamilton G5 or Galileo ventilator.3”:3 Positive
end-expiratory pressure was adjusted in increments of 3 cmH,O
until there was a less than 5% observed improvement in the
measured Cstat averaged over 5 breaths. The PEEP with the
best achieved Cstat was chosen.

Subjects randomized to the ESO group had PEEP adjusted
to overcome negative Ptp with a goal to maintaining Ptp posi-
tive (Ptp 0-5 cmH,0), maintaining as close to zero as possible.
As noted above, we elected to use the esophageal balloon
because we posited that PEEP levels titrated using an esopha-
geal balloon to maintain a positive Ptp might lead to improved
outcomes with respect to weaning morbidly obese subjects by
generating adequate airway pressures necessary to overcome
the high pleural pressures and decreased chest wall compliance
imposed by the excessive chest and abdominal wall mass. Ptp
was calculated as airway pressure (Paw) minus esophageal pres-
sure (P,,). For these subjects, the measured Cstats before and
after PEEP adjustment were also recorded.

Placement of the esophageal balloon (Ackrad Labs, Adult
Esophageal Balloon Catheter Set,
CooperSurgical, Trumbull, CT, USA) was performed using pre-

manufactured by

viously described technique.'??226 With the subject supine and
head of the bed at 45°, the esophageal balloon was inserted trans-
nasally into the stomach with its tip 60 cm from the nares. The
balloon was then inflated with 1.0mL of air and intragastric
position confirmed by gentle compression of the epigastrium
causing an increased pressure reading on the manometer. The
catheter was then withdrawn to approximately 40 cm mark while
watching for cardiac oscillations on the esophageal pressure wave
form to confirm appropriate mid-esophageal placement. The
waveforms of airway pressure, airflow, and P, were then syn-
chronized on the ventilator graphics screen, which was then fro-
zen to allow measurements. Using the cursor, we identified the
point of end-expiration and measured Paw and P, from which
we calculated the Ptp (Paw-DP,,). The PEEP was then adjusted
to maintain Ptp=0cmH,O. Serial ventilator screenshots from
an ESO subject adjustment are attached (Image 1).

Once optimal PEEP was achieved (using either Cstat or
Ptp), we adjusted pressure support (PS) to maintain tidal vol-
umes (VT) at 6 to 8cm’/kg IBW'* and titrated FiO, to main-
tain oxygen saturation of 90% or greater (5a0,=90%).
Subjects were rested on their optimized ventilator settings
overnight and spontaneous tracheostomy-collar trials (trach-
collar-trials) initiated the following morning. Repeat PEEP
assessments were made daily at 8 AM prior to initiating trach-
collar-trials to ensure that PEEP remained optimized prior to
spontaneous breathing trial. If PEEP settings were found on
the following morning to be suboptimal (measured Ptp now
negative or measured Cstat less than previous day’s values),
PEEP would be re-optimized as above. The rationale behind
PEEP re-optimization prior to trach-collar trials was to mini-
mize atelectasis and ensure subjects were fully recruited prior to
initiation of spontaneous breathing trials. Repeat PEEP
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Image 1. Serial ventilator screen shots from an esophageal balloon subject adjustment.

Note. Panel A shows an airway pressure of 10.1 cmH20 (Paw); An esophageal pressure of 27.5 H20 (Paux). This corresponds to a transpulmonary
pressure of -17.4 cmH20 (Paux — Paw). Measurements were made at end-expiration.

Panels B through C show increasing PEEP levels from 28 cmH20 in Panel B to 33 cm H20 in Panel C with a corresponding improvement in the
transpulmonary pressure until a transpulmonary pressure of zero (0) is achieved in panel C with the final ventilator settings as shown.

Please note the significant increase in expired tidal volume from 532cc to 768cc with PEEP adjustment from Panel A to B, necessitating a decrease in

applied pressure Support in Panel C.

FiO, was also decreased from 40% to 21% to maintain oxygen saturations of 90% or greater.

assessments were made daily at 8 AM for the first 7 days as long
as weaning trials were ongoing and/or in the case of ESO
patients, the esophageal balloon was indwelling. The esopha-
geal balloon remained in place for a maximum of 7days but
was removed earlier if a subject weaned.

Trach-collar-trials were conducted by disconnecting subjects
from the ventilator and placing them on equivalent amounts of
tracheostomy-collar delivered supplemental oxygen to maintain
Sa0, = 90%. Subjects performed incremental trach-collar-trials
starting with an initial prescription of 1 to 2hours; however, a
trach-collar-trial was continued for as long as subjects remained
clinically stable with respect to respiratory rate (RR), oxygen
saturation, and hemodynamics. Subjects who showed signs of
fatigue (sustained RR = 30 and/or verbal or nonverbal indication
of inability to continue) and/or who failed a trach-collar-trial by
any of the following parameters (sustained oxygen desaturation
>5% for 15 minutes, sustained hypoxia <<88% for 15 minutes or
any hemodynamic decompensation) were promptly returned to
their previous ventilator settings and repeat attempts made the
tollowing day.3*#0 For subjects who showed signs of fatigue, but
did not otherwise clinically decompensate, the next day’s trach-
collar-trial was targeted to double the time of the previous day’s
trial. For subjects who decompensated by any of the parameters
listed above, a thorough search for and correction of the reason
for the decompensation were performed, and barring no con-
traindications to further trach-collar-trials, the next day’s trial
was planned to exceed the previous day’s trial by at least 2 hours.
Subjects who were doing well on subsequent trials were allowed

to continue as tolerated. All trach-collar-trials were conducted
with patients in the sitting position.*!

After rapid decompensation of our first 2 subjects following
transition from high PEEP levels to a spontaneous trach-collar-
trial (presumed zero-PEEP), our protocol was modified to
require performance of trach-collar-trials with a Passy Muir
speaking valve in place. All enrollees had to be fit with a speaking
valve prior to initiating trach-collar-trials and where necessary,
the tracheostomy tube was downsized to improve tolerance.
Fitting with a speaking valve was performed by a speech lan-
guage pathologist who, in conjunction with the respiratory ther-
apist, performed a 30-minute bedside subject observation,
monitoring voice quality, cough, and vital signs (including oxy-
gen saturation, RR, and work of breathing) to ensure tolerance.
Subjects were required to be stable without any changes in their
ventilator settings overnight prior to an initial Passy Muir speak-
ing valve assessment and fitting. Our modified protocol also
mandated that all enrollees wear their speaking valves continu-
ously once disconnected from the ventilator. The rationale for
use of the speaking valve is further addressed below.

Subjects were otherwise treated the same with respect to
nutrition, physical and occupational therapy, mobility, and
treatment of all other comorbidities.

Study outcomes

All subjects were followed for 30-days after randomization. The
study outcomes were the percentage of subjects weaned from
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the ventilator at day 30 and time to wean from the ventilator.
Intervention effects on FiO,, RR, VT, and PS levels were noted.

A subject was considered successfully weaned if spontane-
ously breathing without ventilator support for at least 24 hours
by day 30. Subjects who required resumption of mechanical
ventilation after an initial liberation were presumed to have
failed if they were still on the ventilator by day 30. The time to
wean was measured from the date of randomization to the date
of liberation from mechanical ventilation.

Statistical analysis

We determined that enrollment of 28 subjects per group would
detect a 2-day difference in time to wean from mechanical ven-
tilation with 80% power assuming a standard deviation of 3 days
at a 2-sided a level of .05. We elected to power the study for
time to wean as this was of greater importance to our RIU man-
agement and represented our primary outcome of interest. All
analyses were performed in the intention-to-treat population
which was defined as all subjects who had undergone randomi-
zation except those where technical difficulties precluded pass-
ing the esophageal balloon or obtaining Cstat measurements.
Two subjects with very early protocol violations from whom no
data were collected were also excluded from the intention-to-
treat population. Comparisons were made between the 2 groups
using either the Student # test or the Wilcoxon-Mann-Whitney
test as appropriate. Dichotomous or nominal categorical varia-
bles were compared with Pearson x? or Fisher exact test as
appropriate. We compared the initial and final respiratory vari-
ables within each group using the paired 7 test. Kaplan-Meier
analysis with the log-rank test was applied to compare time to
achieve ventilator independence between the groups.

All analysis was performed using IBM SPSS Statistics for
Windows, Version 22.0 (IBM Corporation; Armonk, NY,
USA). A P value less than .05 was considered statistically

significant.

Results
A total of 25 subjects were enrolled from January 1, 2011, to
September 30,2013. We did not achieve target enrollment because
of significant changes in ventilator weaning practices at our insti-
tution. Essentially, more and more morbidly obese subjects were
either directly weaned from the ventilator prior to tracheostomy
or shortly after tracheostomy in a manner like our study protocol.
Consequently, there were fewer failures and therefore much fewer
eligible study subjects. After 6 months of minimal subject recruit-
ment, the authors decided to prematurely terminate the study.
Baseline characteristics were similar in the 2 groups (Table
1). The median (interquartile range) BMI in the ESO group
was 68.4 (31.3) kg/m? (range 45-113.8) vs 73.9 (26)kg/m? in
the Cstat group (range 45.4-93.8). Initial PS mean (+SD) in
both groups was 13 =4cmH,O and initial PEEP in ESO
group was 14 = 5cmH,0O vs 14 £ 2emH, O in Cstat group.
Within the ESO group (Table 2, top panel [A]), there was a
significant increase in PEEP (mean = SD) from 14 = 5cmH,O

at baseline to 27+ 6cmH,O post adjustment (P<<.001). Ptp
increased from a mean value of minus 11.2 = 5.8 cmH,O at base-
line to positive 0.7+ 3.6cmH,O postintervention (P<<.001).
The PS decreased from 13 = 4cmH,O to 8 = 3emH,O postad-
justment (P=.001) and the FiO, decreased from 0.37 at baseline
to 0.27 (P<.001) postintervention. The observed Cstat was
noted to increase from 40 * 18 at baseline to 63 =19 (P=.001)
postadjustment. The RR, VT, and P were unchanged.

Within the Cstat group (Table 2, bottom panel [B]), there
was a significant increase in the static effective compliance from
36 = 16 at baseline to 67 * 34 post adjustment (P=.002), with a
corresponding significant increase in PEEP from 14 = 2cmH,O
at baseline to 24 = 7cmH, O post adjustment (P=.001). The PS
and FiO, decreased significantly from 13 *4cmH,O to
7+ 4cmH,O postintervention (P<.001) and from 0.38 to
0.25 (P=.006), respectively. As in the ESO group, the RR and
VT were unchanged.

When the post intervention effects were compared between
the two groups (Table 3), no statistically significant difference
in the final post adjustment values was observed. The mean
post adjustment PEEP levels in both groups were similar at
27 £6cmH,0 in the ESO group and 24 £7.0cmH,0 in the
Cstat group (P=.38).

Outcomes

With respect to our study group, there was no significant
between group difference in the percentage of subjects weaned
by day 30. Eight subjects (62%) were weaned in the ESO group
vs 9 (75%) in the Cstat group (P=.67). Overall, 17 subjects
(68% of intervention cohort) were weaned by day 30. Among
the 17 subjects who successfully weaned, subjects in the ESO
group weaned significantly quicker than those in the Cstat
group. Subjects in the ESO group weaned in a median of
3.5days vs 14days for subjects in the Cstat group (P=.012;
Figure 1). When the time to wean data were analyzed in the
entire cohort (N =25) using survival analysis, we found that the
greatest impact to weaning using esophageal balloon was seen
in the first 15 days. If subjects were not weaned by day 15, the

outcome was the same as in the Cstat group (Figure 2).

Discussion

With respect to ventilator-dependent adult morbidly obese
subjects with non-fenestrated tracheostomy tubes fit with a
speaking valve, there was no significant difference in the per-
centage of subjects successfully weaned by day 30 whether
PEEP was adjusted using an esophageal balloon to overcome
negative Ptp or adjusted to maximize Cstat.

Among the 17 subjects who successfully weaned, however,
subjects who had their PEEP titrated to overcome a negative
Ptp using an esophageal balloon weaned faster than those who
had their PEEP titrated to maximize Cstat. Subjects in the
ESO group weaned in a median of 3.5 days (range 1-16 days)
vs a median of 14days (range 7-26days) for subjects in the
Cstat group (P=.012).
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Table 1. Baseline patient characteristics.

PATIENT CHARACTERISTICS

ESO GROUP (N=13)

MEAN = SD

Age, y 58+9
Female sex, No (%) 8 (62)
Height, m (median [IQR]) 1.68 (0.23)
BMI, kg/m? (median [IQR]) 68.4 (31.3)
Pressure support, cmH,O 13+4
PEEP, cmH,0O 14+5
Tidal volume, cm? 414 +100
Tidal volume/IBW, cm3/kg 6.5+1.2
Respiratory rate, breaths/min 21+7
FiO, 0.37£0.07
Cstat 40+18
Primary physiologic injury2, No (%)

Pulmonary, No (%) 7 (54)

Pulmonary = other comorbidity, No (%) 3(23)

Nonpulmonary (No (%) 3(23)

Abbreviations: BMI, body mass index; PEEP =positive end-expiratory pressure.

CSTAT GROUP (N=12) P VALUE

53+ 15 -34
7 (58) >.99
1.61(0.23) 18
73.9 (26) 47
13+4 77
14+2 67
375+ 107 -35
6.4+15 82
21+8 -84
0.38+0.12 a7
36+16 54
58

7 (58)

4 (33)

1(8)

Plus-minus values are mean =+ SD values; ESO group, patients randomized to the esophageal balloon protocol for adjusting PEEP; Cstat group, patients randomized to

PEEP adjustment protocol using the best achieved static compliance.

Primary pulmonary injuries include OSA/OHS (8 patients); OSA + COPD = pneumonia (4 patients). One patient had diffuse alveolar hemorrhage, another had influenza

A pneumonia and another had sarcoidosis and renal failure.

Other associated comorbidities include predominantly congestive heart failure, myocardial infarction, leg abscess, sepsis, upper gastrointestinal bleeding, and renal

failure.

Nonpulmonary etiologies include case of scrotal abscess, very large goiter after thyroidectomy, traumatic quadriplegia, and incarcerated umbilical hernia with prolonged

postsurgical recovery.

aFisher exact P value was nonsignificant for the combined groups of pulmonary and pulmonary + other comorbidities vs nonpulmonary diagnoses.

The mean PEEP level considered optimal was the same
whether esophageal balloon or Cstat was used for adjustment
(26.5 £5.7cmH,0 vs 24.2 = 7.0cmH,0; P=.38).

There were no observed adverse consequences of the high
PEEP levels (range 13-37cmH,0) used in our study. This is
consistent with prior findings indicating that higher PEEP
levels targeted to Ptp are safe and well tolerated.?223:3542

After rapid decompensation of the first 2 subjects following
transition to a trach-collar-trial from high PEEP levels, all sub-
sequent subjects were required to perform trach-collar-trials
with a speaking valve in place. The speaking valve is a 1-way
valve which when placed on the hub of the tracheostomy tube
redirects airflow during expiration through the vocal folds and
upper airways allowing audible speech.®® Creation of a tracheos-
tomy results in disruption of glottic closure and leads to loss of
subglottic back pressure which has been shown to be necessary
for efficient swallowing, clearing of secretions, and maintenance
of a tracheal airway column.®-¢ We postulated that the open
tracheostomy with larger sized tracheostomy tubes disrupts the
normal anatomy of a closed respiratory system and impairs the

normal ability of obese subjects to maintain a normal positive
subglottic back pressure*’ and intrinsic PEEP.*® We reasoned
that this positive subglottic back pressure is transmitted to the
lower airways and thus possibly plays a role in maintaining some
intrinsic PEEP*4 which limits end-expiratory airway closure
and atelectasis in the stable obese subjects. The speaking valve is
suited to this function because it maintains a closed position
during expiration, thereby restoring a relatively closed respira-
tory system which allows subjects to generate and maintain some
positive subglottic airway pressure with larger tracheostomy
tubes in place. To the best of our knowledge, there have not been
any previous studies looking at the role of speaking valves in
weaning ventilator-dependent tracheotomized subjects.

When we examined only the subjects that weaned, we
noted that subjects who had their PEEP adjusted to overcome
negative Ptp weaned significantly faster than subjects who had
their PEEP optimized to achieve the best effective static com-
pliance. It is not entirely clear why this is so. We think some of
this may be explained physiologically; however, there may also
be a more fundamental institutional component.
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Table 2. Pre- and post-intervention effects.

RESPIRATORY INITIAL MEASURE POSTADJUSTMENT DELTA MEASURE P VALUE
CHARACTERISTIC MEAN (+SD) MEASURE (POSTADJUSTMENT - INITIAL

MEAN (=SD) MEASURE)
MEAN (+SD)

A: Pre- and post-intervention effects for ESO group (N=13)

PS, cmH,0 13 (4) 8 (3) -5 (4) .001*
PEEP, cmH,0 14 (5) 27 (6) 13(7) <.001*
FiO, 0.37 (0.07) 0.27 (0.09) -0.09 (0.07) <.001*
Ptp, cmH,0 -11.2 (5.8) 0.7 (3.6) 11.8 (6.7) <.001*
End Exp AWP, cmH,0 13.2 (4.7) 26.8 (5.5) 13.5 (6.8) <.001*
Cstat 40 (18) 63 (19) 23 (19) .001*
RR, breaths/min 21 (7) 22 (5) 1(5) 751

VT, cm? 414 (100) 420 (70) 6 (101) 827
VT/IBW, cm3/kg 6.5 (1.2) 6.8 (1.4) 0.3 (1.6) 568
Pes, cMH,0 24.4 (3.4) 26.1 (6.6) 1.7 (4.8) 223

B: Pre- and post-intervention effects for Cstat group (N=12)

PS, cmH,0O 13 (4) 7 (4) -7 (5) <.001*
PEEP, cmH,0 14 (2) 24 (7) 10 (8) .001*
FiO, 0.38 (0.12) 0.25 (0.04) -0.12 (0.13) .006*
Cstat 36 (16) 67 (34) 31 (27) .002*
RR, breaths/min 21 (8) 22 (6) 2(9) .525
VT, cm3 375 (107) 385 (103) 10.2 (120) 773
VT/IBW, cm®/kg 6.4 (1.5) 6.6 (1.3) 0.13 (1.9) 815

Abbreviations: Cstat, static effective compliance; end-exp. AWP, end-expiratory airway pressure; FiO,, fractional inspired oxygen; P, esophageal pressure; PEEP,
positive end-expiratory pressure; PS, pressure support; Ptp, transpulmonary pressure; RR, respiratory rate; VT, tidal volume; VT per IBW, tidal volume per ideal body
weight in kilograms.

*Statistically significant difference.

Table 3. Post-intervention parameters: ESO group vs Cstat group.

PATIENT CHARACTERISTICS ESO GROUP (N=13) CSTAT GROUP (N=12) P VALUE
MEAN (+SD) MEAN (=SD)
PS, cmH,0O 8 (3) 7 (4) .23
PEEP, cmH,O 27 (6) 24 (7.0) .38
VT/IBW, cmd/kg 6.8 (1.4) 6.6 (1.3) .66
RR, breaths/min 22 (5) 22 (6) 73
FiO, 0.27 (0.09) 0.25 (0.04) 49
Cstat 63 (19) 67 (34) .76

Abbreviations: Cstat, static effective compliance; FiO,, fractional inspired oxygen; PEEP, positive end-expiratory pressure; PS, pressure support; RR, respiratory rate; TV/
IBW, tidal volume per ideal body weight.

Although speculative, it is physiologically plausible that lung considers that the use of the esophageal balloon to overcome
recruitment in the ESO group was immediate, whereas that in negative Ptp is more expeditious and prompt than the more
the Cstat group was more gradual. This seems possible if one gradual process, whereby PEEP is adjusted stepwise in
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*Statistically significant difference — Mann Whitney U Test P = 0.012

Figure 1. Box plot comparing number of days to wean in the successfully weaned ESO vs. Cstat subjects.

increments of 3 cmH,O until the best observed Cstat is achieved.
Indeed, although initial PEEP adjustments in both groups on
study day 1 took approximately 1hour from setup to final deter-
mination of optimal PEEP, we noted that subjects in the Cstat
group required more PEEP adjustments over ensuing days than
did subjects in the ESO group. There were 0.7 PEEP adjust-
ments/ESO subjects on day 2 vs 1.9 PEEP adjustments/CStat
subjects on days 2 and 3. There were no indicated PEEP adjust-
ments in either group after day 3. This greater need to adjust
PEEP in the Cstat group on subsequent days may suggest an
overall more gradual process of lung recruitment in that group. It
is to be noted that while all subsequent PEEP adjustments were
completed by day 2 in the ESO group, subjects in the Cstat
group still required additional PEEP adjustments on day 3.
Perhaps immediate lung recruitment resulting from restoration
of positive Ptp in the ESO group produced quicker resolution of
atelectasis and a less inflamed state,”0-5 that fostered more rapid
weaning. We did not measure any inflammatory biomarkers in
our subjects and are unable to substantiate this claim. This
unfortunately represents a significant flaw in our study design
that raises questions that warrant further study.

On the more practical institutional component, we found
that because ESO subjects required minimal PEEP adjust-
ments after study day 1, they were able to get fitted with their
speaking valves by the following morning and could proceed
immediately to trach-collar-trials. Cstat subjects, however,
were still undergoing PEEP titrations by day 2 and sometimes
by day 3, thus potentially delaying their speaking valve fittings
and subsequent initiation of trach-collar-trials. Although this
institutional component may be regarded as a potential bias

against Cstat patients, it does in its own way also speak to the
more expeditious nature of the esophageal balloon as a way of
setting PEEP. Our post study institutional experience has been
that use of the esophageal balloon for adjusting PEEP facili-
tates planning and interdisciplinary coordination between the
respiratory therapists and speech language pathologists with
respect to scheduling bedside patient visits for speaking valve
assessments and initiation of trach-collar-trials. The speech
language pathologists can now plan on a speaking valve fitting
the day following a balloon-guided PEEP optimization with
subsequent initiation of a trach-collar trial. Much of the guess-
work about which patients are “ready” for fitting or “when best”
to get to the bedside have been eliminated. It is to be noted,
however, that the speech language pathologists were not part of
our study and had no prior knowledge of which patients were
enrolled in the ESO or Cstat arm. Although attractive as a
theory, we do not think, however, that the institutional compo-
nent alone is sufficient to explain the difference in time to wean
between the 2 study groups.

Whatever the reason, the more rapid wean observed in the
esophageal balloon group is a significant clinical end point. If
the average length of stay on a mechanical ventilator in a wean-
ing unit can be decreased by a week or more, we can potentially
achieve significant cost savings while improving outcome. This
cost savings could potentially be greater if indeed fewer ventila-
tor adjustments and by extension less intense bedside respira-
tory therapist presence are required for weaning tracheotomized
ventilator-dependent subjects.

Our study has several limitations. First, we had a small sam-
ple size of 25 subjects and did not achieve sufficient enrollment
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Figure 2. Kaplan-Meier curves showing the time to wean in the entire cohort (N=25).
as per our a priori sample size and power calculations. It is Conclusions

therefore very possible that our small sample size may have
magnified our findings. Second, we did not measure any
inflammatory biomarkers and thus do not know if indeed the
more gradual lung recruitment with the Cstat-guided PEEP
titration truly reflects a more inflamed state as compared with
the more immediate recruitment achieved with esophageal
balloon-guided PEEP adjustment. Third, due to the nature of
our intervention, our study could not be blinded to either the
subjects or the therapists so it is possible that ESO patients
may have been encouraged to remain on trach-collar-trials
longer than Cstat patients. We do not think, however, that this
was the case, as there were very clear rules for stopping a trial
and placing patients back on the ventilator if they failed and/or
fatigued. Furthermore, patients pushed to continue suboptimal
spontaneous breathing trials often do poorly and have larger
setbacks than if the trial was aborted and patient rested. Finally,
this is a single-center study in an institution with experience in
managing morbidly obese subjects and our findings may not be
generalizable to centers with less experience in the care of the

morbidly obese.

In conclusion, use of an esophageal balloon to adjust applied
PEEP in morbidly obese subjects, to overcome negative Ptp
(P, =0cmH,0) resulted in more expeditious weaning from
mechanical ventilation but did not change the proportion of
patients weaned. There were no adverse consequences of the
high PEEP levels (mean 25.4cmH,0O, range 13-37cmH,0)

used in our study.
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