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ORIGINAL ARTICLE

Predictors of noninvasive mechanical ventilation weaning
failure in the emergency department

César Cinesi Gomez', Natalia Trigueros Ruiz', Blanca de la Villa Zamora',
Leonor Blazquez Gonzalez', Pascual Pifiera Salmerén', Paula Lazaro Aragiiés'?

Objectives. To analyze factors related to the failure of noninvasive mechanical ventilation (NIV) weaning in a hospital
emergency department (ED).

Methods. Prospective, observational cohort study with enrolled a sample of consecutive patients who required NIV
during ED care. The dependent variable was NIV weaning failure, defined by the need to restart NIV in the ED after a
first attempt to withdraw the respirator.

Results. Of a total of 675 candidates, we included 360 patients (53.4%). Exclusions were 100 patients (31.7%) who
were on NIV at home; 58 (18.4%) in whom NIV initially failed; and 157 (49.9%) in whom weaning was attempted
outside the ED. Seventy-two (17.3%) cases of weaning failure in the ED were observed. Factors independently
associated with failure were the bicarbonate (HCO,) concentrations before attempted weaning (adjusted odds ratio
[aOR], 1.06; 95% Cl, 1.01-1.12; P = .014), time on NIV in hours (aOR, 1.10; 95% Cl, 1.04-1.16; P < .001), and a pH
less than 7.35 before weaning (aOR, 2.48; 95% Cl, 1.16-5.31; P = .019).

Conclusions. Weaning failure occurs in 17% of ED patients on NIV. Time on NIV, HCO, concentration, and a pH less
than 7.35 before weaning are independently associated with failure to wean from the respirator.
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Factores predictivos de fracaso en el destete de la ventilacion mecanica
no invasiva en urgencias

Objetivos. Analizar los factores predictivos del fracaso del destete en los pacientes sometidos a ventilacion mecénica
no invasiva (VYMNI) en un servicio de urgencias hospitalario (SUH).

Método. Estudio observacional de cohortes prospectivo con muestreo consecutivo de los pacientes que precisaron VMNI
durante la atencion en el SUH. Se establecié como variable dependiente el fracaso del destete de la VMNI, definido como
la necesidad de reiniciar o instaurar la VMNI durante el mismo ingreso hospitalario tras el primer intento de destete.

Resultados. Del total de 675 pacientes elegibles, se incluyeron 360 pacientes (53,4%). Se excluyeron 100 (31,7%),
58 (18,4%) y 157 (49,9%) por VMNI domiciliaria, fracaso previo al intento de destete y por realizacién del intento de
destete fuera del SUH, respectivamente. Sesenta y dos casos (17,3%) presentaron con fracaso del destete de la VMNI.
Los factores independientes asociados al fracaso del destete fueron la concentracién de bicarbonato antes del destete
(ORa: 1,06; IC 95%: 1,01-1,12; p=0,014), la duracién VMNI en horas (ORa: 1,10; IC 95%: 1,04-1,16; p <0,001) y
un pH < 7,35 antes del destete (ORa: 2,48; IC: 1,16-5,31; p=0,019).

Conclusion. El fracaso del destete de la VMNI en el SUH ocurrié en un 17% de los casos. La duracion de la técnica, el
valor del HCO; y el pH < 7,35 antes del destete fueron factores independientes asociados al fracaso.

Palabras clave: Destete. Factores prondsticos. Ventilacion mecénica no invasiva. Urgencias.
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Introduction

Noninvasive mechanical ventilation (NIV) has sur-
passed invasive mechanical ventilation (IMV) as the first
choice of respiratory support for acute respiratory fail-
ure (ARF) in hospital emergency departments (ED)'2.
The level of severity measured by APACHE Il, a low
Glasgow Coma Scale score, a pH less than 7.25 and a
high respiratory rate at the start of NIV are factors asso-
ciated with NIV failure3“.

For clinically stabilized patients, weaning from NIV is
the next critical point in the natural evolution of the
patient with severe ARF. A key issue in the planning of
weaning is to know how long NIV is required during

the patient’s hospitalization. This period involves both
the planning of care and hospital care circuits*¢ and the
need for admission to a specialized respiratory care unit
or an acute hospital ward’. In this context, the role of
the ED is crucial, not only in the use of the technique,
but also in deciding the ideal time to start weaning
from NIV. The ED physician is uncertain about admit-
ting these patients to the conventional ward because of
the possibility of requiring the reintroduction of ventila-
tory support.

In order to answer these questions, it is necessary
first to know the factors associated with weaning failure
in NIV. Currently, normalization of pH, PaO,/FiO, > 150
and systolic blood pressure > 90 mm Hg without vaso-
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active drugs are factors associated with success.
However, these predictors have been established by ex-
perts in the recommendations of clinical practice guide-
lines®® by extrapolation of IMV'*12 or by few specific
studies performed in intermediate respiratory care
units'3. Therefore, the aim of our work was to investi-
gate the predictors of failure to wean from NIV initiated
in the ED.

Method

A prospective observational cohort study was de-
signed at the Hospital General Universitario Reina Sofia
de Murcia (HGURS). The HGURS has 350 beds, a refer-
ence population of 250,000 people and treats an aver-
age of 93,000 emergencies per year. The study began
on January 1, 2014 and ended on December 31, 2017.

Patients who required NIV during ED care were con-
secutively included. Patients with home NIV with 2
pressure levels, with NIV failure (patients who died
without a weaning attempt, required IMV or NIV was
replaced by conventional oxygen therapy (COT) due to
complications) and with weaning attempts outside the
ED were excluded.

Weaning failure was the dependent variable of the
study and was defined as the need to restart or insti-
tute IMV during the same hospital admission after the
first weaning attempt by the medical team in the ED.
Short periods of disconnection from the ventilator to
allow coughing, intake of small amounts of fluids or
nebulizations were not considered weaning attempts.
The decision to initiate weaning was made by the phy-
sician in charge. The weaning method was performed
through the center’s protocol, which recommends at-
tempting weaning once the pH has been corrected, a
PaO,/FiO, > 150 and a respiratory rate lower than 30
brpm. Regarding the clinical management of the pa-
tient, both the medication used and the pressure levels
and parameters programmed in the ventilator were at
the discretion of the physician responsible for the pa-
tient’s care, according to the aforementioned protocol.

Demographic variables (age and sex), body mass
index, comorbidities (chronic obstructive pulmonary
disease (COPD), obstructive sleep apnea syndrome
(OSAS), arterial hypertension (AHT), diabetes mellitus
(DM), chronic heart failure (CHF)) were collected, treat-
ment with chronic home oxygen therapy (HOT) or con-
tinuous positive airway pressure (CPAP) at home,
Glasgow Coma Scale score > 13, vital signs and blood
gas data at the start of NIV, ED laboratory data includ-
ing biomarkers (procalcitonin, NTproBNP and lactate),
final diagnosis (exacerbation of COPD, acute pulmo-
nary edema -APE-, hypoxemic respiratory failure exclud-
ing APE; hypercapnic respiratory failure excluding exac-
erbation of COPD and APE), gasometric data prior to
the weaning attempt, time from the start of NIV to the
weaning attempt, intensive care unit (ICU) admission,
length of hospital stay and in-hospital mortality.

Qualitative variables were described by absolute and

relative frequencies and quantitative variables by mean
and standard deviation or median and interquartile
range. The type of distribution was tested using the
Kolmogorov-Smirnov test. Comparisons between quali-
tative variables were made using the chi-squared test or
Fisher’s test as required, and between quantitative vari-
ables the Student’s t test or Mann-Whitney U test was
used depending on whether the variable met the crite-
ria for normality. To assess the association of factors
with the dependent variable NIV weaning failure, logis-
tic regression analysis was used. All significant factors
were included in the univariate analysis. All analyses
were 2-tailed and statistical significance was accepted if
p < 0.05 or the 95% CI of OR excluded the value 1.
Since this was an exploratory study, no sample size cal-
culation was performed. SPSS Statistics v21 (IBM, New
Castle, NY, USA) was used.

The study followed current laws and regulations and
was approved by the HGURS Clinical Research Ethics
Committee.

Results

During the study period, 675 patients were evaluat-
ed, and 360 cases (53.4%) were finally included. A to-
tal of 100 patients (31.7%) were excluded because
they were on home treatment with NIV with 2 pressure
levels, 58 (18.4%) because of initial failure of NIV and
157 (49.9%) because the weaning attempt was per-
formed outside the ED (Figure 1).

The mean age was 78.5 (SD 11.1) years, and 145
(48.7%) were women. The most frequent comorbidities
were AHT (80.6%), DM (50.6%) and CHF (45.3%).
Thirty percent of the patients were being treated with
HOT and 11.9% with home CPAP. The most frequent
final diagnoses were APE (48.1%) followed by exacer-
bated COPD (35.8%). A total of 3.1% of patients re-
quired admission to the ICU and 9.2% died during ad-
mission. The mean length of stay was 9.8 (SD 6.9) days
(Table T1).

Sixty-two patients (17.3%) experienced failure of
the NIV weaning attempt in the ED. The clinical-analyti-
cal characteristics and destination as a function of
weaning success or failure are shown in Table 1. The
blood gas values are shown in Table 2. Mean baseline
PaO,/FiO, was 253 (SD 42.4) mm Hg, and was greater
than 150 mmHg in 95.7% of the sample.

Failure to wean exacerbated COPD, APE, hypoxemic
ARF and hypercapnic respiratory failure was 18.6%,
14.5%, 15.2% and 32%, respectively (p = 0.169). The
mean duration before initiating the weaning attempt
was 14.7 (SD 6.7), 12.9 (SD 6.8), 13.3 (SD 7.2) and
15.6 (SD 8.6) hours (p = 0.113) for exacerbated COPD,
APE, hypoxemic respiratory failure and hypercapnic res-
piratory failure, respectively.

The mean duration before initiating the weaning at-
tempt was 13.8 (SD 7.0) hours, and in 75% of the cas-
es it was at least 8 hours. The mean duration in the
success group was 20.5 (SD 33.6) hours and in the fail-
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Figure 1. Flow diagram of patient inclusion.

NIV: noninvasive mechanical ventilation; ED: hospital emergency department.

ure group 48.3 (SD 76.1) hours (p < 0.001). When
stratified by hours, attempted weaning from NIV oc-
curred in 10% in the initial 4 hours, in 17.5% between
5 and 8 hours, in 27.5% between 9 and 12 hours, in
15.8% between 13 and 16 hours, in 15% between 17
and 20 hours and in 14.2% in more than 20 hours.
The distribution of these time slots according to wean-
ing failure and stratified by final diagnoses is shown in
Figure 2.

After multivariate analysis, the variables that showed
the ability to predict failure of the weaning attempt in
NIV were previous bicarbonate concentration (ORa:
1.06; 95% Cl: 1.011.12; p = 0.014), NIV duration in
hours (ORa: 1.10; 95% Cl: 1.041.16; p < 0.001) and
pH < 7.35 before weaning (ORa: 2.48; ClI: 1.165.31;
p =0.019) (Table 3).

Discussion

The ED’s involvement in NIV is key, not only in the
adequate selection of the patient and the procedure it-
self, but also in the planning of respiratory support
which includes safe weaning of the patient. In this
study, there was a high success rate (82.7%) in patients
who were weaned from NIV. However, only approxi-
mately half (53.4%) of the patients treated with NIV in
the ED attempted weaning in-house.

Independently associated factors with weaning fail-
ure were bicarbonate concentration and lack of pH cor-
rection before the weaning attempt and the number of
hours with NIV. Of these, the most important was the

presence of a lower than 7.35 pH before the attempt.
In fact, when attempting weaning in this ventilatory
state, the probability of failure was greater than 60%.
The next factor was the number of hours of NIV prior
to the weaning attempt, with a higher probability of
failure before 4 hours of NIV and, progressively, from
the 5th hour of NIV onwards. Finally, high bicarbonate
levels increased the probability of NIV weaning failure
in the ED.

Successful weaning in our study was higher than in
intermediate respiratory care units (31-58%)''. This
result could be due to the existence of a protocol that
adequately identifies the patient as a candidate for
weaning, as recommended in the clinical guidelines®'¢,
patients with minimal severity criteria at the start of NIV
and a satisfactory and rapid evolution that allows wean-
ing to be initiated.

The weaning strategy used in the ED may have also
played a role. In our center, in order to reduce the
length of stay in the ED, we advocate a rapid weaning
strategy, i.e., direct transition to conventional oxygen
therapy. The use of a rapid strategy shows similar re-
sults of success compared to a progressive weaning
strategy, i.e., gradual reduction of NIV time or with
nocturnal NIV'>'7. Therefore, adequate patient selec-
tion, through prognostic factors, is probably more im-
portant than the weaning strategy itself.

The traditional ventilatory gasometric parameters
are pH, PaCO, and HCOj;. Hypoventilation causes in-
creased PaCO, and respiratory acidosis. A pH less than
7.25 is a classic failure factor for NIV3. In patients with
chronic hypoventilation, the kidney elevates HCO; and
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Table 1. Clinical-analytical, evolution and destination
characteristics of the overall sample and univariate study
according to successful or unsuccessful weaning

Total Success Failure
N =360 N =298 N =62 value
n (%) n (%) n (%)

Sex (female)
Age (years)
Arterial
hypertension
Diabetes mellitus

178 (49.4) 145(48.7) 33(53.2) 0.513
78.5+11.1 78.6+103 78.1+144 0.770

290 (80.6) 242 (81.2) 48(77.4) 0.493
182(50.6) 154 (51.7) 28(45.2) 0.350

COPD 136(37.8) 117(39.3) 19(30.6) 0.203
OSAS 53(14.7)  41(13.8) 12(19.4) 0.258
CHF 163 (45.3) 140 (47.0) 23 (37.1) 0.155
HOT 108 (30)  85(28.5)  23(37.1) 0.180
Home CPAP 43(11.9)  35(11.7)  8(129) 0.798

Previous NIV 133(36.9) 107(359) 26(41.9) 0.371
Heart rate (opm)*  95.7 (24.4) 95.6 (24.4) 96.5(24.6) 0.797
MAP (mm Hg)* 98.5(21.1) 98.8(21.2) 96.9(20.8) 0.522
Initial RR (brpm)* 244 (7.1) 238(6.8) 26.9 (7.5 0.016
ECG > 14 points 316 (87.8) 265(88.9) 51(82.3) 0.145
BMI (kg/m2)* 30.8 (6.5) 30.6(6.3) 31.8(7.1) 0.297
Creatinine (mg/dl)*  1.2(0.7) 1.3(0.8) 1.1(0.6) 0.298
Procalcitonin

(mg/dly* 1.1 (8.2) 0.3(1.1) 5.2(19.7) 0.004
Lactate (mg/dl)* 24(1.7) 25(1.7) 1.8(1.1) 0.008

NT- proBNP
(pg/mi)** 2,538 (5,213) 5,645 (5,675)2,453 (4,108) 0.370
Final diagnoses 0.169
COPD

exacerbation 129 (35.8) 105(35.2) 24 (38.7)
APE 173 (48.1) 148(49.7)  25(40.3)
Hypoxemic RF 33(9.2) 28 (9.4) 5(8.1)
Hypercapnic RF 25(6.9) 17 (5.7) 8(12.9)
ICU admission 11 (3.1) 5(1.7) 6(9.7) 0.001
Hospital stay (days)* 9.8 (6.9) 10.2(7.3) 12.5(10.1) 0.014
In-hospital
mortaﬁity 33(9.2) 15 (5.0) 18 (29.0) <0.001

*Results expressed as mean (standard deviation).

**Results expressed as median (interquartile range).

COPD: chronic obstructive pulmonary disease; OSAS: obstructive sleep
apnea syndrome; CHF: chronic heart failure; HOT: chronic home oxy-
gen therapy; NIV: noninvasive mechanical ventilation; ECG: Glasgow
Coma Scale; BMI: body mass index; NT-proBNP: N-terminal portion
of B-type natriuretic peptide; hypoxemic IR: patients with hypoxemic
respiratory failure except for the diagnosis of acute pulmonary edema;
hypercapnic IR: patients with hypoxemic respiratory failure except for
the diagnoses of acute pulmonary edema and severe exacerbation of
COPD; APE: acute pulmonary edema; ICU: intensive care unit; HR: heart
rate; MAP: mean arterial pressure; RR: respiratory rate.

leads to pH correction (compensated respiratory acido-
sis). In order to initiate weaning, complete stabilization
of the patient’s ventilation is necessary, i.e., pH correc-
tion is required before attempting weaning'®'®. Our re-
sults confirm this premise by showing that pH less than
7.35 before attempting weaning is an independent
predictor of failure. In the univariate study, high PaCO,
levels before the weaning attempt are associated with a
greater probability of failure. However, this relationship
disappears in the logistic regression indicating that pH
is the relevant ventilatory parameter. This relationship is
not new. The classic study by Confalonieri et al. in pa-
tients with severe COPD exacerbation and hypercapnic
ARF documents that only pH?* remains as an independ-

Table 2. Blood gas values as a function of success or failure of
weaning

Total Success Failure
N =360 N = 298 N =62 value
n (%) n (%) n (%)

At the start of NIV
pH* 7.28 (0.1) 7.28(0.1) 7.28(0.1) 0.790
PaCO,, mm Hg* 62.5(18.5) 61.4(18) 68.1(19.8) 0.017
HCO; (mmol/L)* 27.9(5.9) 27.4(57) 30.7(6.3) <0.001
PaO,/FiO, (mm Hg)* 243 (36.6) 244.9 (36.7) 234.0 (35.3) 0.034
PaO,/Fi0,=250mmHg 159 (44.1) 122 (40.9) 37(59.6) 0.010
Before weaning attempt
pH* 7.37(0.1) 7.37(0.1) 7.35(0.1) 0.068
pH<7.35 77 (21.3)  55(18.4) 22(35.4) 0.010
PaCO, (mm Hg)* 50.9 (10) 49.8(9.1) 57.1(12.3) <0.001
PaCO, = 45 mm Hg* 107 (29.7) 98(32.8) 9(14.5) <0.001
HCO; (mmol/L)* 28.8(6.1) 28.4(5.6) 30.7(8) 0.025
PaO,/FiO, (mm Hg)* 258 (44)  262(43)  237(47) 0.019
*Results expressed as mean (standard deviation).

ent predictive factor®. Therefore, attempted weaning in
the ED without pH correction should be undertaken
with extreme caution.

High bicarbonate levels prior to attempted weaning
are an independent predictor of failure. They indicate
the existence of chronic ventilatory failure, which trans-
lates into a greater likelihood of requiring a longer NIV
time before attempting weaning'*?° and, therefore,
minimize the possibility of attempting weaning in the
ED.

The best parameter to assess the patient’s oxygena-
tion status is PaO,/FiO,?'. Classically, the cut-off point
for initiating weaning is a PaO,/FiO, greater than 150
In our study, less than 5% of the patients had an oxy-
genation deficit of these characteristics. This result is
possibly related to the high rate of NIMV failure in pa-
tients with severe hypoxemia?2. Although low initial and
pre-weaning PaO,/FiO, levels are associated with a
higher probability of failure, pre-weaning PaO,/FiO,
does not act as an independent predictor. It is impor-
tant to note that slightly more than half of the patients
studied had a PaO,/FiO, greater than 250. This level of
oxygenation is not an indication per se to initiate NIV?3
and, therefore, the initiation of NIV was due to clinical
factors or ventilatory deficit. This result indicates that
the initial oxygenation status is a limiting factor for ear-
ly weaning and, therefore, in the ED.

Ventilation time before the weaning attempt is key
to define prolonged weaning. In our study, ventilation
time was an independent predictive factor and there
were two periods with a higher probability of failure: in
the first 4 hours of ventilation and, after the 5th hour, a
progressive increase in weaning failure was observed.
The first period falls under the concept of minimum
ventilation time. Classically, this cut-off point has been
established by expert recommendations between 12
and 24 hours?*. However, according to our data, in
some selected cases, a minimum time of 4 hours may
be sufficient. It is important to point out that in our
study only 10% of patients attempted to wean within
this period of time. After the 5th hour, the probability
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Figure 2. Stratification by hours of treatment with noninvasive mechanical ventilation (NIV) of cases (bars) and percentage of failure

to wean from NIV (line) according to final diagnoses.
COPD: chronic obstructive pulmonary disease.

of failure increased progressively to 37% in patients
with ventilation times of more than 20 hours. The pro-
portion of patients in whom weaning was attempted
after 20 hours was 14.2% but, as mentioned above,
with a high probability of failure. Thus, in patients with
no indication criteria for weaning in the first 20 hours
of ventilation, we should consider including them in a
multidisciplinary procedure, according to a specific pro-
tocol, to increase the probability of successful
weaning'.

In our study, the final diagnosis of the patients was
a predictor. Although the time before attempted wean-
ing was shorter in patients with APE, no statistically sig-
nificant differences were observed between the final di-
agnoses. Probably, each type of pathology conditions,
in a specific patient, a different initial clinical situation,
evolution and ventilation time. Therefore, more impor-
tant than the pathology triggering ARF are the clinical
repercussions, mainly on oxygenation and ventilation
status, and the patient’s previous respiratory clinical
situation.

Table 3. Variables associated in logistic regression with failure
to wean from noninvasive mechanical ventilation in the
emergency department

aOR (IC 95%) P value
HCO; before weaning 1.06 (1.01-1.12) 0.014
NIV time, hours 1.10 (1.04-1.16) <0.001
pH < 7.35 before weaning 2.48 (1.16-5.31) 0.019

Adjustment variables: pCO, before weaning, pO,/FiO, before weaning,
final diagnoses, HCO; and pH < 7.35 before weaning and NIV time and
hours. NIV: noninvasive mechanical ventilation; ED: hospital emergency
department; aOR: adjusted odds ratio. pO,: arterial oxygen pressure;
pCO,: arterial carbon dioxide pressure; FiO,: inspired oxygen fraction;
HCOj: bicarbonate.

The main limitation of the study was the absence of
assessment of ventilator parameters. The second limita-
tion was that, although the predominant pathology
was APE and severe exacerbation of COPD, a significant
percentage of patients had other diagnoses. This heter-
ogeneity made it difficult to extrapolate results from
the sample to each of the respiratory pathologies in
particular. Third, our ED has extensive experience in the
treatment of ARF by means of this ventilatory support
and the results may not be extrapolable to other servic-
es with less experience. Fourth, although the institu-
tional protocol advocates prompt weaning, the time of
the weaning itself was not recorded. Finally, the possi-
bility of rotating therapies and, therefore, their possible
role in the weaning of these patients was not taken into
account. In this sense, new studies are needed that take
into account these limitations and include ventilator pa-
rameters. Despite these limitations, we believe that the
study provides interesting data, taking into account
that it shows certain strengths, such as the large sam-
ple analyzed and the analysis of multiple sociodemo-
graphic, clinical and analytical variables.

In conclusion, half of the patients who underwent
NIV were susceptible to weaning in the ED. Proper pa-
tient selection could be key to these results. Therefore,
the emergency physician should avoid attempting NIV
weaning in a patient with high bicarbonate, no pH cor-
rection before the weaning attempt, and a NIV time of
less than 4 or greater than 20 hours.
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