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Abstract

Background: In patients with post-extubation respiratory distress, delayed reintubation may worsen clinical
outcomes. Objective measures of extubation failure at the bedside are lacking, therefore clinical parameters are
currently used to guide the need of reintubation. Electrical activity of the diaphragm (EAdi) provides clinicians with
valuable, objective information about respiratory drive and could be used to monitor respiratory effort.

Case presentation: We describe the case of a patient with Chronic Obstructive Pulmonary Disease (COPD), from
whom we recorded EAdi during four different ventilatory conditions: 1) invasive mechanical ventilation, 2)
spontaneous breathing trial (SBT), 3) unassisted spontaneous breathing, and 4) Noninvasive Positive Pressure
Ventilation (NPPV). The patient had been intubated due to an exacerbation of COPD, and after four days of
mechanical ventilation, she passed the SBT and was extubated. Clinical signs of respiratory distress were present
immediately after extubation, and EAdi increased compared to values obtained during mechanical ventilation. As
we started NPPV, EAdi decreased substantially, indicating muscle unloading promoted by NPPV, and we used the
EAdi signal to monitor respiratory effort during NPPV. Over the next three days, she was on NPPV for most of the
time, with short periods of spontaneous breathing. EAdi remained considerably lower during NPPV than during
spontaneous breathing, until the third day, when the difference was no longer clinically significant. She was then
weaned from NPPV and discharged from the ICU a few days later.

Conclusion: EAdi monitoring during NPPV provides an objective parameter of respiratory drive and respiratory
muscle unloading and may be a useful tool to guide post-extubation ventilatory support. Clinical studies with
continuous EAdi monitoring are necessary to clarify the meaning of its absolute values and changes over time.
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Background
Managing severe exacerbations of chronic obstructive
pulmonary disease (COPD) can be challenging, both during
invasive mechanical ventilation (MV) and after extubation,
when noninvasive positive pressure ventilation (NPPV)
plays an important role [1–3].

The best strategy for monitoring clinical response to
NPPV after extubation is not clear. Clinical parameters,
oxygen saturation, and blood gas analysis are recom-
mended to guide whether the patient requires reintubation
or can be weaned from NPPV [4], but the lack of objective
measures of respiratory overload at the bedside may
contribute to delayed reintubation and worse clinical
outcomes [5, 6].
Monitoring of the electrical activity of the diaphragm

(EAdi) can provide objective information about the
neural respiratory drive, since its amplitude reflects the
neural excitation of the diaphragm. EAdi monitoring has

* Correspondence: Juliana.ferreira@hc.fm.usp.br
1Pulmonary Division, Heart Institute (InCor) – Hospital das Clínicas da
Faculdade de Medicina da Universidade de São Paulo, São Paulo, Brazil
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Diniz-Silva et al. BMC Pulmonary Medicine  (2017) 17:91 
DOI 10.1186/s12890-017-0434-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-017-0434-2&domain=pdf
mailto:Juliana.ferreira@hc.fm.usp.br
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


been an important research tool to help us understand re-
spiratory drive activation and neuro-muscular coupling [7].
EAdi can be captured and recorded using an esopha-

geal catheter with multiple electrodes [7, 8] (Fig. 1). It is
used to trigger and to provide inspiratory support pro-
portional to the electrical activity of the diaphragm in
the ventilatory mode called Neurally adjusted ventilatory
Assist (NAVA) [9, 10]. EAdi monitoring has also been
used to monitor respiratory effort during the weaning
phase in invasive mechanical ventilation [11–13], but
not to monitor post-extubation NPPV effectiveness. We
present a case of EAdi monitoring during post-
extubation NPPV in a patient with an exacerbation of
COPD. We followed the CARE guidelines for reporting
of case reports [14] and we obtained written approval to
publish the case report from the patient.

Case presentation
A 60-year-old woman with a previous history of severe
COPD classified as GOLD D [15] was admitted to the
hospital with acute hypercapnic respiratory failure due
to a COPD exacerbation. She reported three days of
worsened dyspnea, larger production of sputum and low
fever. She was an ex-smoker of 120 pack.years and had
been diagnosed with COPD 10 years earlier. Despite
optimized medical treatment, she had limiting dyspnea
and severe obstruction on pulmonary function tests
(FEV1 of 0.48 L-19% of its predicted value). In the emer-
gency room, she was initially treated with NPPV, but
after 30 min her respiratory pattern had not improved,
arterial blood gas analysis showed a pH = 7.18 and

PCO2 = 82, so she was intubated, mechanically ventilated
and transferred to the intensive care unit (ICU).
On the first two days of mechanical ventilation she

was sedated with fentanyl and propofol and ventilated in
pressure controlled mode using an ICU ventilator (Ser-
voi, Maquet, Sweden). She received antibiotics, broncho-
dilators, and methylprednisolone, and on the third, day
sedation was changed to dexmedetomedyne and the
ventilatory mode was changed to pressure support, with
a PEEP of 5 cmH2O, pressure support of 10 cmH2O
over PEEP, and FIO2 of 50%. On the fourth day on
mechanical ventilation she showed significant improve-
ment and dexmedetomedyne was reduced to low doses
to submit her to a spontaneous breathing trial (SBT). An
EAdi catheter (Maquet, Sweden) was inserted as part of
a clinical trial (NCT01137271), which evaluated Neurally
Adjusted Ventilatory Assist (NAVA) during spontaneous
breathing trials (SBT). The catheter was positioned
according to manufacturer’s instructions and adequate
position was checked using a specific screen in the ven-
tilator, similarly to previous studies [16] and its adequate
position was checked before each recording. EAdi was
captured at 100Hz using ServoTracker v4.0 (Maquet,
Sweden) for five minutes at each situation of interest.
We processed and analyzed the data using MatLab
(Mathworks, MA, USA), which automatically detected
the initiation and termination of inspiratory efforts, and
calculated peak EAdi. Respiratory rate (RR) was calcu-
lated by dividing the number of respiratory cycles by the
number of minutes in each recording. We excluded
cycles with artifacts and averaged all the cycles in each
five-minute recording to generate mean values for EAdi
for each situation [17] (Fig. 2).
The patient was submitted to an SBT in pressure sup-

port, with PEEP of 5 cmH2O and pressure support of 5
cmH2O, for 30 min. We used standard criteria of SBT
failure, such as respiratory rate greater than 35, reduced
tidal volume, agitation or diaphoresis, hypoxemia,
among others. She didn’t present any of these criteria
and was extubated. In our ICU, we regularly use NPPV
after extubation to prevent acute respiratory failure for
high risk patients, and a few minutes after extubation,
while we were preparing to install NPPV, we observed
clinical signs of increased respiratory effort, including
retraction of the intercostal spaces and accessory muscle
recruitment. At this moment, we noted that EAdi was
higher than during MV, over 90 μV. After the start of
NPPV, EAdi decreased substantially, which was compat-
ible with muscle unloading promoted by NPPV (Fig. 3).
Over the following days, the EAdi signal was used to
monitor and compare respiratory effort during NPPV
and spontaneous breathing (Table 1).
The patient was kept in NPPV in a dedicated NPPV ven-

tilator (V60, Philips, The Netherlands) in bi-level mode

Fig. 1 Illustration of the NAVA catheter positioning and data
collection apparatus. NAVA: Neurally adjusted ventilatory assist
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(inspiratory support over an expiratory pressurization), with
a total face mask (Performax, Phillips Respironics, PA,
USA) almost continuously for the next two days, with 30-
min intervals of spontaneous breathing with a nasal oxygen
catheter every six hours. On NPPV, the patient reported
less dyspnea, and clinical signs of respiratory effort were
less prominent as compared to spontaneous breathing. She
received clonazepam 2 mg twice a day and quetiapine
50 mg twice a day to control anxiety and facilitate sleep.
Once a day, we recorded EAdi for the last 5 min of

NPPV and for the last 5 min of spontaneous breathing.
On the first two days, EAdi gradually decreased on
NPPV (Table 1, Fig. 4).
On the third day, EAdi on NPPV was no longer sig-

nificantly lower than in spontaneous breathing (Table 1)

and NPPV was weaned. After 6 days of ICU stay, she
was discharged to a clinical ward, and three days later
she was discharged home.

Discussion
We describe the use of EAdi to monitor the response to
post-extubation NPPV in a patient with severe COPD
and high risk of reintubation. EAdi monitoring provided
an objective measure of the respiratory muscle unload-
ing promoted by post-extubation NPPV, which encour-
aged us to maintain NPPV, when clinical signs could
have led us to reintubation.
The observation that NPPV led to a significant reduc-

tion of EAdi compared to spontaneous breathing sug-
gested that NPPV was indeed providing significant
muscle unloading, and this information was important
for our decision to keep NPPV instead of early reintuba-
tion. Without the EAdi information, we would need to
rely solely on clinical signs of intolerance, such as
accessory muscle use and increased respiratory rate,
which can be very subjective, especially in patients with
chronic lung diseases such as COPD. While absolute
values of EAdi were quite high in both NPPV and spon-
taneous breathing, the decrease of EAdi with NPPV
compared to spontaneous breathing was an objective
measure of muscle unloading.

Fig. 2 Electrical activity of the diaphragm (EAdi), flow and airway
pressure (Paw) during invasive mechanical ventilation in pressure
support of 10 cmH2O, with PEEP of 5 cmH2O. Captured at 100Hz
and processed with MatLab

a

b

Fig. 3 EAdi during SB (a) and NPPV (b) shown for 12 s on day 1.
During NPPV, EAdi decreases and respiratory rate is lower compared
to SB. NPPV: Noninvasive Positive Pressure Ventilation; SB: Spontaneous
breathing; EAdi: Electrical activity of the diaphragm
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Monitoring of EAdi has recently been proposed as a
predictor of weaning failure. Barwing and colleagues
monitored EAdi during SBTs and found that patients
who failed their SBT had a more pronounced increase in
EAdi than patients who passed the SBT. This increase
was noticeable earlier than changes in conventional
clinical parameters [11]. Dres and colleagues monitored
EAdi in 57 patients during SBTs and found that while
EAdi and EAdi-derived indices, such as EAdi normalized
by the tidal volume, were good predictors of weaning
failure, they were not superior to the rapid shallow
breathing index. Interestingly, they found that EAdi was
significantly higher at baseline in patients who failed the
weaning process [12]. Liu and colleagues studied the
neuroventilatory efficiency (NVE) during SBTs, i.e., the
ability to generate tidal volume normalized by the neural
drive, calculated as the tidal volume divided by EAdi.
They found that NVE is a good predictor of weaning

failure, and is superior to the rapid shallow breathing
index [13].
For extubated patients, EAdi changes over time have

been described in a case report in a patient with post-
extubation respiratory failure treated with noninvasive
ventilation using NAVA. In that case, EAdi decreased
abruptly after two hours of NPPV, causing a reduction
in tidal volume and leading to reintubation. The authors
hypothesized that the abrupt fall in EAdi might have
been a consequence of low-frequency fatigue of the
diaphragm [18].
EAdi values during NPPV have also been reported in

studies comparing noninvasive NAVA and noninvasive
pressure support, but no cut-off values are available
[19, 20]. Interestingly, some patients in these studies
had of high values of EAdi but none of them compares
EAdi during NPPV with spontaneous breathing. EAdi
monitoring after extubation is a new tool and a few as-
pects of its clinical interpretation were particularly
challenging in our patient. EAdi values after extubation
were substantially high and could have been interpreted
as a sign of need for reintubation. However, EAdi has
no established normal cut-off values, previous studies
report a large inter subject variability and similarly high
values have been reported during the SBT in success-
fully weaned patients [8, 11, 12]. Our clinical interpret-
ation of the data was that lower EAdi with NPPV when
compared to SB was more important than absolute
EAdi values. On the third day, EAdi on NPPV was no
longer different from spontaneous breathing, because,
compared to the previous day, EAdi increased during
NPPV and decreased during unassisted breathing.. The
increase in EAdi during NPPV might have been related
to intra subject variability of EAdi [21], decreased toler-
ance of the facial mask or subclinical agitation, and em-
phasizes the importance of combining objective EAdi
measures with clinical assessment. Since the patient
was clinically stable, we extended the duration of spon-
taneous breathing and rapidly weaned NPPV.
To our knowledge, there are no reports of EAdi moni-

toring during NPPV and spontaneous breathing after
extubation. Our data showed that the contrast between
EAdi on NPPV with EAdi during spontaneous breathing

Table 1 Respiratory parameters from the last day of invasive mechanical ventilation to the third day after extubation

Variable PSV SBT Post extubation
NPPV

Day 1 Day 2 Day 3

NPPV SB NPPV SB NPPV SB

EAdi (μV) 23.3 23.9 63.0 45.1 76.4 39.4 83.7 59.2 64.9

RR (bpm) 21 24 24 22 24 27 21 27 28

Expiratory pressure (cmH2O) 5 5 5 5 – 8 – 8 –

Inspiratory pressure (cmH2O) 15 10 15 12 – 10 – 10 –

PSV Pressure Support Ventilation, SBT Spontaneous breathing trial, NPPV Noninvasive Positive Pressure Ventilation, SB Spontaneous breathing, EAdi Electrical
activity of the diaphragm, in microvolts (μV), RR Respiratory Rate in breaths per minute, Inspiratory pressure peak airway pressure during inspiration

Fig. 4 Mean EAdi values during NPPV (blue bars) and spontaneous
breathing (red bars). Notice that EAdi is smaller on NPPV compared
to spontaneous breathing on Days 1 and 2, but not on Day 3. Bars
represent the mean and error bars represent the standard deviation.
EAdi: Electrical activity of the diaphragm; NPPV: Noninvasive Positive
Pressure Ventilation
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was helpful to guide NPPV application in this case. This
report offers an insight into the potential utility of EAdi
during the application of post-extubation NPPV, but
needs further studying.
There are some limitations to our report that should

be acknowledged. First, we report just one case, and
individual particularities prevent extrapolations to other
patients. Second, tidal volume recording was available
only while the patient was intubated, since our recoding
system is not compatible with the NPPV ventilator.
Finally, the lack of normal cut off values for EAdi and its
considerable variability documented in previous studies
makes the interpretation of the high absolute values we
report difficult. Using EAdi changes over time may
prove useful but more studies are needed to help us
better understand the role of EAdi monitoring during
the weaning and post extubation phases.

Conclusions
EAdi monitoring during NPPV provides an objective
parameter of respiratory drive and respiratory muscle
unloading and may be a useful tool to guide mechanical
ventilation weaning and post-extubation ventilatory sup-
port. Clinical studies with continuous EAdi monitoring
are necessary to clarify the meaning of its absolute
values and changes over time.
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