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SUMMARY

Introduction Shortage of intensive care beds has led to more frequent use of noninvasive ventilation
(NIV) outside respiratory units, and data on NIV efficacy and safety on general wards is lacking.
Objective The aim was to identify potential predictors for NIV failure.

Methods This was a retrospective analysis of patients treated with NIV at the Institute for Pulmonary
Diseases of Vojvodina from 2009 to 2013. Demographics, blood gases, chest radiographs, setting, and
outcomes were analyzed to identify predictors of NIV failure.

Results A total of 138 patients (65% men, mean age 66 + 11 years) were treated with NIV. Indications
for NIV were acute exacerbation of chronic obstructive pulmonary disease (85%) and cardiogenic pul-
monary edema (7%), as well as respiratory insufficiency related to obesity and central hypoventilation
(5%) and neuromuscular disease (3%). Rate of NIV failure was 34.8%. In 86 patients NIV was applied in
the High Dependency Unit (HDU), while 52 received NIV on the general ward. Baseline characteristics in
terms of gender, arterial blood gases, and the extent of consolidation on chest radiographs were similar.
Patients treated in HDU were younger (64.4 = 1.2 vs. 69.4 + 1.5 years, p < 0.001). NIV on the general ward
compared to HDU had higher rates of NIV failure (28/52 vs. 20/86, p < 0.001). Presence of consolidation
involving two or more quadrants on chest radiograph (55% vs. 29%, p < 0.001) was associated with NIV
failure. When adjusted for age and the extent of consolidation on chest radiograph, NIV failure was still
less likely in patients treated in HDU (OR 0.23, 95% Cl 0.10-0.50).

Conclusion Patients with consolidation on chest X-ray and patients treated with NIV outside of dedicated
respiratory units are at a higher risk for NIV failure.
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INTRODUCTION

Introduction of noninvasive ventilation (NIV)
into clinical practice has led to significant re-
duction in intubation rates and mortality by
minimizing the complications related to inva-
sive mechanical ventilation [1-4]. The two lead-
ing indications for NIV in daily clinical practice
are severe exacerbation of chronic obstructive
pulmonary disease (COPD) and acute car-
diogenic edema [5, 6]. Immunocompromised
patients with acute respiratory failure are also
recognized as a group of patients in which NIV
is favored over invasive ventilation [2-6].

While previously all patients requiring ven-
tilatory support had to be placed in an inten-
sive care environment, introduction of NIV
and a supposed straightforward application
of the technique has led to its more frequent
use outside of the dedicated respiratory units.
Shortage of beds in intensive care units (ICU)
and high dependency units (HDU) and the
growing need for ventilatory support justify
this approach. Also, early use of NIV, which
translates into the initiation of NIV in an emer-
gency department, has been proposed to im-
prove final outcome [7].

Many studies attempted to identify potential
predictors of NIV success [8-13], but only a
few actually compared the outcome with regard

to the setting in which NIV was applied [14, 15,
16]. The data on NIV efficacy and safety out-
side respiratory units is lacking, and our study
is aimed to evaluate the use of NIV on general
ward compared to HDU and help define poten-
tial early predictors on NIV failure.

OBJECTIVE

The aim of this study was to identify potential
predictors for NIV failure.

METHODS

This was a retrospective observational study
which included patients treated with NIV at
the Institute for Pulmonary Diseases of Vo-
jvodina, Sremska Kamenica, Serbia, between
June 2009 and February 2013. NIV was used
sporadically in our five-bed ICU opened in
2003, and then routinely since the opening of
a six-bed HDU in 2009. Local protocol was
developed, and NIV was initiated in patients
requiring ventilatory support, without prede-
fined contraindications for NIV [4, 5,6]. ICU/
HDU staff conducted the training of medi-
cal staff on general wards with the intention
of introducing NIV outside of ICU/HDU in
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instances where there were no available beds in dedicated
respiratory units. NIV was initiated by ICU/HDU staff and
then followed up by the medical staff on general wards.
Continuous pulse oximetry was recommended, and NIV
list was attached to patient’s chart in order to regularly
check for heart rate, respiratory rate, level of conscious-
ness, basic ventilator settings (IPAP/EPAP/FiO2), and
change in blood gas values after 30-60 minutes, and then
as ordered by the attending physician.

Demographics, blood gas analysis, chest radiographs,
indications for NIV, the setting where NIV was applied,
and final outcomes were extracted from the medical
records and analyzed to identify potential predictors of
NIV failure defined as intubation or death. Since this was
a retrospective analysis, the patients’ informed consent was
waived, in accordance with the decision of the Institute
Ethics Committee.

Continuous data are presented as means and standard
deviation for normally distributed data, and median and
interquartile range for non-normally distributed data.
Categorical variables are presented as whole numbers and
percentages. The comparison of variables was done using
Mann-Whitney U-test and Fisher’s exact test, as appropri-
ate. Predictors of NIV failure were examined in univariate,
followed by multivariate logistic regression model. Only
variables that were significant in univariate model were in-
cluded in the multivariate model. A probability of p < 0.05
was considered statistically significant.

RESULTS

Our study included 138 patients who were treated with
NIV, and their mean age was 66 * 11 years. There were 80
(58%) male patients. Most frequent indications for NIV
were severe acute exacerbation of COPD with respiratory
acidosis (85%) and cardiogenic pulmonary edema (7%).
There were also 5% of patients with obesity and central
hypoventilation and 3% with neuromuscular disease.

In 86 patients (62%) NIV was applied in the HDU,
while the remaining 52 received NIV on the general ward.
The selection was based on availability of HDU beds - if
there was no available bed in the dedicated respiratory unit
at the time, the patient was ventilated on the general ward.

Baseline characteristics of the two groups of patients in
terms of gender, initial arterial blood gas values (pH, PaCO,,
Pa0,), and the extent of consolidation on chest radiographs
were similar. However, patients treated in HDU were young-
er (644 +1.18 vs. 69.4 £ 1.51, p < 0.001). (Table 1)

Overall rate of NIV failure was 34.8%. NIV on general
ward compared to NIV in HDU had higher rates of failure
(20/86 vs. 28/52, p < 0.001).

Presence of consolidation involving two or more quad-
rants on chest radiograph (55% vs. 29%, p < 0.001) was
also associated with NIV failure.

Multivariate analysis results showed that, when adjusted
for age and the extent of consolidation on chest radio-
graphs, NIV failure was still less likely in patients treated
in HDU (OR 0.23, 95% CI 0.10-0.50). (Table 2)

Table 1. Patients’ baseline characteristics and outcome — HDU vs.
general ward

HDU General

n =86 ward n =52 p
Age (mean + SD) 6437 £11.63 | 69.38+9.56 | 0.01
Male n (%) 57 60 0.86
pH (mean + SD) 7.26 £ 0.08 7.27 £0.01 0.37
PCO, (mean + SD) 9.50 £2.31 9.86+£1.91 | 0.34
PO, (mean + SD) 6.76 £ 2.21 6.07£2.24 | 0.08
Consolidation 23 17 0.52

on > 2 quadrants n (%)
NIV failure n (%) 23 54
HDU - high dependency unit;

PCO, - partial pressure of carbon dioxide;
PCO, - partial pressure of oxigen

<001

Table 2. Multivariate analysis of potential predictors of NIV failure

Odds ratio 95% confidence
interval
Age 1.03 0.09-11.45
Consolidation on =2 quadrants 3.97 1.60-10.33
HDU 0.23 0.10-0.50

NIV - noninvasive ventilation

DISCUSSION

NIV is a well established treatment modality for severe
exacerbation of COPD [1-6]. According to the Cochrane
review with fourteen randomized controlled trials, intro-
duction of NIV significantly reduced intubation rates and
mortality [17]. Similarly, the Cochrane review on the use
of NIV for acute cardiogenic pulmonary edema covered as
many as 21 studies, and the conclusion was that the addi-
tion of NIV brings about significant decline in intubation
rates and hospital mortality [18].

While there is no question that NIV should be used
for appropriate indications, there are many questions as
to where it can be safely used, what the basic pre-require-
ments for such setting are, and how to timely recognize
NIV failure. British Thoracic Society guidelines on the use
of NIV in acute COPD exacerbations concisely state that
“NIV should be delivered in a dedicated setting that could
include an acute medical ward, accident and emergency,
high dependency unit or a critical care area” [19]. That
largely depends on internal organization of a hospital and
what they established as a “dedicated setting” More im-
portantly, it is said that “acute NIV should only take place
in a setting where escalation to intubation and (invasive)
ventilation is available” [19]. This provision clearly limits
a potential setting where NIV could be performed to an
area in close proximity to ICU. In our hospital, six-bed
High Dependency Unit was opened in 2009 next to the
ICU. Initially, all patients requiring NIV were ventilated
either in ICU or HDU. However, with increasing demand
for ventilatory support, on many occasions patients had to
be ventilated on general wards. We developed a local pro-
tocol for NIV, according to which NIV was initiated in all
patients requiring ventilatory support, without predefined
contraindications. ICU/HDU staff conducted the training
of medical staff on general respiratory wards. NIV was as
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a rule initiated by ICU/HDU staff and then followed up
by the medical staff on general wards. Results of our study
showed that NIV failure rate on general wards was signifi-
cantly higher than in HDU. This differs from the results
of a multicenter controlled trial by Plant et al. [14], where
the authors concluded that NIV can be safely used on a
general ward with a satisfactory outcome. There was also
an interesting pilot study by Cabrini et al. [15], who advo-
cated that NIV outside dedicated respiratory units should
be managed exclusively by medical emergency teams — in
this study 77% of patients avoided intubation. Conflicting
results of these two studies may implicate that the pro-
posed policies for the use of NIV outside the dedicated
respiratory units largely depend on internal resources and
organization of any given institution. Another observa-
tional study by Farha et al. [16] showed similar success
rates for NIV on a regular ward and in the ICU. Still, all
listed authors urge caution and careful patient selection,
and list many necessary pre-requirements for the applica-
tion of NIV outside ICU. That is why at the Massachusetts
General Hospital there is an extensive NIV checklist to
help select patients who need to be transferred to the ICU
as soon as possible [20].

It is difficult to predict which patients will do well on
NIV, but Confalonieri et al. [8] found that NIV failure was
more likely in patients with more severe respiratory aci-
dosis, higher age, lower level of consciousness, and higher
respiratory rate. In our study degree of respiratory acido-
sis and age did not predict outcome, but the presence of
consolidation on chest radiograph did. These results are
similar to the results of Antonelli et al. [9], who found that
presence of pneumonia was a negative prognostic factor
for patients on NIV.

Another concern is that the patients who require invasive
ventilation after NIV failure have higher hospital mortality
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OnuwTe oae/berbe U BeIMYUHA I'IHEYMOHMje Kao nNpeanKTopun Heycnexa

HeUHBa3uBHE BEHTMIIaLI,Mje

burbana Josew-Cesuh'?, [lywaHka O6pagosuh'?, Cpha Creparosuh', Ypowu batpaHosuh', JeneHa Penuh’, Mapuja Bykoja'>

"MHcTuTyT 33 nnyhHe 6onectn Bojsogute, Cpemcka Kamennua, Cpbuja;
2yHneepauTet y Hosom Cagy, MeguumHckm dpakyntet, Hosu Cag, Cpbuja

KPATAK CALIPXKAJ

YBop HepocTaTak mMecTa y jeanHMLamMa MHTEH3VBHE Here pe-
3yNTMPAO je yuyecTasom NpUMeHOM HEVHBA3VBHe BEHTUaLmje
(HWB) BaH pecnpaTopHWX jeguHMLa, a nogaum o 6e3befHoj
ynotpe6u HYIB-a Ha onwTM ofiesbetbrMa Cy OCKYAHW.

Unm Ly oBor paga 6vo je naeHTMdUKaLmja noTeHLMjanH1xX
npeavKkTopa 3a HenmoBosbaH ncxop HYIB-a.

Metopne Pagu ce o peTpocnekTMBHOj aHaIM3KM NauujeHara ne-
yeHux y MiHcTuTyTy 3a nnyhHe 6onectu BojsoanHe 2009-2013.
rogvHe. AHanusvpanu cy: femorpadcku nopaLy, napameTpu
racHUX aHanv3a apTepujcke KpBU, Pagrorpamm rpyaHOr Kolla
1 60NTHNYKO ofiesbere Ha KoM je HUB npumerbrBaH, Kako 6v
Ce ofipeaVNY MoTeHLUjaTHN NPeNKTOPU Y OJHOCY Ha KOHAauHU
ncxogp.

PesynTati YKynHo je ykibyuyeHo 138 6onecHuka (65% myluka-
paua, NpoceyHa CTapocT 66 + 11 roguHa). ihankauwje 3a H/IB
6une cy akyTHe ersapuebauuje XOBIl-a (85%), kapanoreHu
nnyhHu egem (7%), Kao 1 pecnmpaTopHa MHCydULmnjeHLmnja
Y CKNONy rojasHoCTY U LieHTpasiHe xunoseHTunauumje (5%), e
HeypoMycKynapHux 6onectu (3%). HUB je 61o HeycnelwaH Kog,
34,8% 6onecHuKa. Kop 86 6onecHunka HMB je npumerseH Ha
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nonyunHTeH3uBHoj He3u (MUH), fok cy 52 6onecHWKa BEHTANM-
paHa Ha onwwTem oferbetyy. MonasHe KapakTeprucTmke bune cy
CAIMYHE — Huje 61O CTAaTUCTUYKM 3HaYajHUX pa3nnKa y napa-
MeTprMa racHe pasmeHe, Nosy, Kao HV MPUCYCTBY KOHCOMW-
Jaumja Ha paguorpamy rpyaHor Kolwa. bonecHvum Tpetpann
Ha M/H 6unwn cy mnahu (64,4 + 1,2 Hacnpam 69,4 + 1,5 roguHa,
n < 0,001). H/B je 6ro HeycnelwHuju Kop 6onecHMKa Ha onLw-
Tem oferbemy (28/52 Hacnpam 20/86, n < 0,001). Mpucyctso
KOHconvpaaLvje Ha iBa Win BULLE KBaApaHaTa Ha paguorpamy
rpyAHOr Kolwla je kopenupano ca Heycnexom H/B-a (55% Ha-
cnpam 29%, n < 0,001). M HaKoH KopeKLuje y OBHOCY Ha CTapoCT
1 KoHconuaaumje, npumeHa H/B-a Ha onwTem ogerbery HoCK
CTaTUCTUYKMN 3HAYajHO NOBULLEH PU3MK 33 HeYCMeLlaH NCXOA,.
(OR 0,23, 95% CI0,10-0,50).

3aksbyuum MNpncycTBo KOHconuAaLmja Ha paguorpamy rpya-
HOT KOLLIA 1 NPUMeHa HeNHBAa3VBHE BEHTUALMje BaH pecnunpa-
TOPHUX jefuHULa noBehaBajy pu3snK of HeycneLlHe NpuMeHe
HVB-a.

KrmbyuHe peun: mexaHuuKa BeHTUNaLuja; jeanHMLE 3a pecnu-
paTopHy Hery; HeMHBa3MBHa BEHTWIALMja; pecnypaTopHa NH-
cybuumjeHumja
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