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Background: Cardiac surgery often leads to pulmonary complications. Non-invasive ventilation (NIV) is
a mechanical ventilation modality that may help to prevent the pulmonary complications, and the role of the
prophylactic use of NIV in patients after cardiac surgery remains controversial.

Methods: We searched PubMed, Embase, Web of Science and Cochrane Central for randomized
controlled trials comparing the use of NIV (continues positive airway pressure or bi-level positive airway
pressure) with standard treatment in post-cardiac surgery subjects without language restriction. Two
investigators screened the eligible studies up to July, 2019. Meta-analysis using random effect model or
fixed effect model was conducted for pulmonary complications, mortality, rate of reintubation and cardiac
complications, and mean difference (MD) or standard mean difference for length of hospital stay and length
of ICU stay.

Results: We included nine randomized controlled trails with 830 subjects. The use of NIV failed to reduce
the risk of pulmonary complications, including atelectasis [risk rate (RR) 0.60; 95% confidence interval (CI):
0.28 to 1.28, P=0.19] and pneumonia (RR 0.27; 95% CI: 0.05 to 1.64, P=0.16). However, it has shortened
the length of ICU stay (MD -1.00 h, 95% CI: -1.38 to -0.63, P<0.00001) and the length of hospital stay (MD
-1.00 d, 95% CI: -1.12 to -0.87, P<0.00001). NIV also failed to reduce the rate of reintubation (RR 0.68;
95% CI: 0.21 to 2.26, P=0.53) or the risk of cardiac complications (RR 0.81; 95% CI: 0.59 to 1.13, P=0.22).
Conclusions: The prophylactic use of NIV immediately in post-cardiac subjects who underwent cardiac
surgery might be able to shorten the length of hospital stay and the length of ICU stay, but it has no

significant effect on pulmonary complications, rate of reintubation or cardiac complications.
Keywords: Cardiac surgical procedure; noninvasive ventilations; continuous positive airway pressure (CPAP);

postoperative complications; length of stay; pulmonary atelectasis
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Introduction

According to a recent study, approximately 312.9 million
major surgical procedures requiring general or spinal-
epidural anesthesia are performed worldwide each year (1).
Postoperative pulmonary complications, which are generally
defined as any pulmonary abnormality occurring in the
postoperative period, usually lead to an increase in hospital
length of stay, morbidity, mortality (2,3), and extra costs
for the health care system (4). It has been reported that 5
to 10 percent of surgical patients have reported at least one
pulmonary complication (2), of which atelectasis is the most
common (5). Cardiac surgery has a greater risk of developing
pulmonary complications (2). A recent study reported that
basilar atelectasis was detected in up to 94% of patients
within 48 hours after coronary artery bypass grafting
(CABG) (6). Common strategies for preventing post-cardiac
operative pulmonary complications include appropriate
analgesia, physiotherapy, oxygen therapy, early mobilization
and ambulation. However, those strategies are not enough
to reduce the incidence of the complications (2,7,8).

Non-invasive ventilation (NIV) is a mechanical
ventilation modality that uses a non-invasive airway
interface instead of an invasive artificial airway. It has
primarily been applied in patients with exacerbations
of chronic obstructive pulmonary disease, cardiogenic
pulmonary edema and hypoxemic respiratory failure (9).

The mechanism by which NIV exerts its effects is
to increase intrathoracic pressure. It prevents alveolar
collapse, which may increase functional residual capacity
and arterial oxygenation, reduces respiratory workload
and cardiac preload (10-13). Therefore, it may help to
prevent the pulmonary complications and reduce the rate of
reintubation in post-cardiac surgery subjects.

Although random controlled trials have been taken out
in recent years, the role of NIV in patients after cardiac
surgery remains controversial. Therefore, this meta-analysis
was taken out to determine whether the prophylactic use
of NIV able to reduce the incidence of adverse events, such
as pulmonary complications and shorten the length of ICU
and hospital stay in post-cardiac surgery subjects.

Methods
Search strategy

We developed a computerized search through PubMed,
Embase (via Ovid), Web of Science and Cochrane Central,
with a combination of Medical Subject Headings and
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free-text terms. The search included the available articles
published from the establishment of the database to July,
2019. No language restrictions were imposed.

Search terms included: (“Noninvasive Ventilations”
OR NIV OR NIPPV OR “Continuous Positive Airway
Pressure” OR “Bilevel Continuous Positive Airway
Pressure” OR CPAP OR BiPAP) AND (“Cardiac Surgical
Procedures” OR “Heart Surgical Procedures” OR “Cardiac
Surgery” OR “Heart Surgery” OR “Valve Replacement”
OR “Coronary Artery Bypass” OR CABG) AND (“clinical
trial” OR RCT OR “randomized controlled trial” OR
“randomized controlled clinical trial”).

Study selection

Two investigators independently screened titles and
abstracts of the articles identified by the computerized
search according to the inclusion criteria, and any
discrepancies were resolved by the way of consensus. Based
on this first assessment, we obtained the full text of all
potentially relevant articles.

The inclusive criteria were: (I) subjects aged above 18
years of both genders, who underwent any type of cardiac
surgery with cardiopulmonary bypass; (II) NIV was initiated
in the immediate postoperative period (defined as the first
24 hours after the surgery) with continuous positive airway
pressure (CPAP) mode or bi-level positive airway pressure
mode (BiPAP) applied through a nasal or face mask; (I1I)
applied one or a combination of the following interventions
as control: oxygen therapy; chest physiotherapy (CP)
techniques for removing secretions; breathing exercises;
mobilization; incentive spirometry (IS); no intervention; (IV)
reported at least one of the following outcomes: pulmonary
complications (atelectasis and pneumonia), length of ICU
stay, length of hospital stay, rate of reintubation, cardiac
complications, mortality, 6-minute walking distance (6-
MWD); (V) randomized controlled trials (RCTs) with no
restriction regards to intervention and follow-up length.

And we excluded studies if they fit the following
description: (I) included subjects in the post operation
period of other types of surgery, and subjects who went
through heart transplant surgery; (II) applied NIV
curatively (applied NIV only after the occurrence of adverse
events); (III) applied NIV to early extubation participants.

Data extraction and risk of bias assessment

The data extraction was performed by two investigators
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Figure 1 The study selection flow chart.

independently, any disagreements were resolved by a
third investigator. The extracted information included the
following: (I) the details of publication: the first author’s
last name, year of publication, design and location; (II)
characteristics of participants: the sample size, age, gender
and type of the cardiac surgery; (III) interventions and
control; (IV) reported outcomes.

The same two investigators independently assessed
the bias of the studies according to the Cochrane
Collaboration’s Risk of Bias. We assessed included random
sequences generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective outcome reporting, and
other sources of bias. Assessed criterion included low risk of
bias, high risk of bias, and unclear. All disagreements were
resolved by a third investigator.

Statistical analysis

Statistical analysis was undertaken by using Cochrane
systematic review software Review Manager (RevMan;
Version 5.3.5). For dichotomous outcomes, risk rate
(RR) with 95% confidence intervals (Cls) were used to
express the difference, and for continuous outcomes, mean
difference (MD) or standardized mean difference (SMD)
with 95% Cls were used to express the difference. MD was
used to analysis the outcomes measured by the same method
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5 of full-text articles excluded, with reasons:

-1 due to apply NIPPV curatively,

-1 due to not apply NIPPV immediately after operation;
-1 due to apply NIPPV to early extubation participants;
-2 due to outcomes not reported

and the same unit, otherwise, SMD was used. I’ statistic
was used to assess the heterogeneity. Studies with I'<25%
were considered to have low heterogeneity, I* of 25-75%
indicates medium heterogeneity and I’>75% implies high
heterogeneity. If I was >50%, we used the random effect
model (RE) to combine the effect sizes, and if I* was <50%,
fixed effect model (FE) was used. Potential heterogeneity
sources were identified by subgroup analyses or sensitivity
analyses. Sensitivity analyses were conducted by omitting
one study in each turn and investigating the influence of a
single study on the overall pooled estimate. A P value <0.05
for all outcome measures was considered as statistically
significant. The results were displayed as Forest plots.

Results
Results of the search

We retrieved 1,120 relevant articles through the
computerized search (PubMed 457 articles, Web of Science
166 articles, Cochrane Central 118 articles, Embase 379
articles). After 299 duplicate studies were identified, we
removed 807 articles by reading titles and abstracts.

Five articles were excluded after full-article reading as
shown in the Figure 1. Finally, nine articles were included
in this review and eight articles were included in the meta-
analysis for the study performed by Aratjo-Filho in 2017
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failed to provided data for quantitative meta-analysis
(Figure 1).

Characteristics of the included trials

The nine studies met the inclusion criteria involving 830
participants (NIV vs. control: 449 vs. 381) who underwent
cardiac surgery. Among the studies included, six studies
applied CPAP for NIV, and four studies applied BiPAP.
Seven studies compared NIV plus standard therapy with
standard therapy alone. This comparison allowed us to
determine the effects of using NIV as an adjunct to standard
therapy. On the other hand, two studies aimed to compare
the effectiveness of NIV with IS by setting NIV plus
standard therapy other than IS as intervention groups while
setting IS plus other standard therapy as control groups.

Standard therapy included the combination of the
following treatment: oxygen therapy, CP, nebulized
bronchodilators, coughing exercises, nebulized saline,
mobilization and IS (10). The main characteristics of the
included trials are presented in Tuble 1.

Risk of bias in included studies

Two investigators assessed the quality of the included
studies independently based on the recommended criteria
of the Cochrane Handbook. See Figures 2,3 and Table 2 for
details.

Effects of NIV and pulmonary complications

NIV failed to reduce the incidence of atelectasis of post
cardiac surgery patients

Four studies described quantitative measures of atelectasis
included 278 participants (NIV vs. control: 157 vs. 121)
(14-17). Meta-analysis of these studies showed a high
statistical heterogeneity (I'=69%), and NIV failed to reduce
the incidence of atelectasis significantly (RR 0.60; 95% CI:
0.28 to 1.28, P=0.19) in total.

Subgroup analysis of control groups showed no statistical
heterogeneity (I’=0%) and NIV still failed to exert any
improvement (NIV + standard therapy vs. standard therapy:
RR 0.60; 95% CI: 0.21 to 1.78, P=0.36 or NIV vs. IS: RR
0.51; 95% CI: 0.23 to 1.11, P=0.09) (Figure 4). Subgroup
analysis of ventilation patterns also found no significant
improvement or heterogeneity between subgroups (BiPAP:
RR 0.37; 95% CI: 0.04 to 3.34, P=0.38 or CPAP: RR 1.14;
95% CI: 0.56 to 2.35, P=0.72) (Figure 5). However, the
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heterogeneity among the rest four studies decreased to
I’=16% without any significant difference between NIV
group and control group after Al Jaaly 2013 was taken out
from the analysis, which showed a more favorable result for
NIV.

NIV failed to reduce the incidence of pneumonia of
post cardiac surgery patients

Three studies used NIV as an adjunct to standard therapy
reported this outcome, included 448 (NIV vs. control: 224
vs. 224) participants (14,15,18). We combined them in a
subgroup analysis by BiPAP (included 126 participants, NIV
vs. control: 63 vs. 63) and CPAP (included 322 participants,
NIV vs. control: 161 vs. 161) ventilation mode.

Meta-analysis of these studies showed no statistical
heterogeneity (I’=0%), and NIV failed to reduce the
incidence of pneumonia (RR 0.27; 95% CI: 0.05 to 1.64,
P=0.16) in total (Figure 6).

The analysis showed no statistical heterogeneity (I’=0%)
between subgroups, and still we found NIV exert no
significant improvement in both subgroup analysis (BiPAP:
RR 0.20; 95% CI: 0.01 to 4.08, P=0.30 or CPAP: RR 0.33;
95% CI: 0.04 to 3.17, P=0.34) as well.

NIV shortened the length of ICU stay of post cardiac
surgery patients

There were five studies reported the measurement of the
length of hospital stay (14,17-20). However, since two
studies presented insufficient data, we only included three
studies in this analysis, including 446 participants (NIV wvs.
control: 244 vs. 202) (17,18,20). Two of the included studies
compared CPAP plus standard therapy with standard
therapy alone (350 participants included NIV wvs. control:
178 vs. 172) (18,20), and the other one compared NIV with
IS (96 participants included, CPAP vs. BiPAP vs. control: 33
vs. 33 vs. 30) (17).

The meta-analysis included these three studies showed
that there is no statistical heterogeneity (I’=0%) between
them, and indicated that the prophylactic use of NIV post
cardiac surgery may led to a decrease in the length of ICU
stay (MD -1.00 h, 95% CI: -1.38 to -0.63, P<0.00001)
(Figure 7).

A subgroup analysis of control group showed that there
was no statistical heterogeneity between subgroups (I'=0%),
and we found that the use of NIV led to a decrease in the
length of ICU stay in the subgroup which compared NIV
plus standard therapy with standard therapy alone (MD
~1.00 h, 95% CI: -1.38 to -0.62, P<0.00001), while no
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difference was found in the subgroup which compared NIV
with IS (MD -3.20 h, 95% CI: -10.92 to 4.53, P=0.42).

The other two studies were not included in the meta-
analysis due to lack of data. They compared NIV plus
standard therapy with standard therapy alone, and found
NIV failed to exert any difference in the length of hospital
stay (Al Jaaly 2013: RR 1.20, 95% CI: 0.84 to 1.71; Aratjo-
Filho 2017: P=0.55) (14,19).

NIV shortened the length of hospital stay of post
cardiac surgery patients

Five studies reported the measurement of the length
of hospital stay (14,15,18,19,21). However, since three
studies failed to present sufficient data for the analysis,
we only include two studies in this analysis, including 322
participants (NIV wvs. control: 161 vs. 161) (15,18). Both
of included studies compared CPAP plus standard therapy
with standard therapy alone.

The meta-analysis showed a low statistic heterogeneity
between the two included studies (I’=13%), and indicated
that the use of NIV may led to a decrease in the length
of hospital stay (MD -1.00 d, 95% CI: -1.12 to -0.87,
P<0.00001) (Figure 8).

Among the other three studies which were not included
in meta-analysis due to lack of data, two studies compared
NIV plus standard therapy with standard therapy alone
stated that the use of NIV failed to shorten the length of

I

; + + + 1
0% 25% 50% 75% 100%

- Low risk of bias

D Unclear risk of bias

B High risk of bias

Figure 3 Methodological quality graph.
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Table 2 Risk of bias for included studies
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Random ) Blinding of Blinding of Incomplete .
Allocation . Selective )
Study sequence participants and outcome outcome ) Other bias
. concealment reporting
generation personnel assessment assessment
Zarbock 2009 Low Low Unclear Unclear Low Low Low
Al Jaaly 2013 Low High High Low Low Low Low
Jousela 1994 Unclear Low Unclear Low Unclear Low Low
Mazullo 2010 Unclear Unclear Unclear Unclear Low Low Low
Araujo-Filho 2017 Low Low High Low Low Low Low
Franco 2011 Unclear Unclear Unclear Unclear Unclear Low Low
Matte 2000 Unclear Unclear Unclear Low Low Low Low
AL-Mutairi 2012 Unclear Unclear Unclear Unclear Low Low Low
Pinilla 1990 Low Unclear Unclear Low Low Low Low
NIV Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

2.1.1 NIV vs Standard therapy

Franco 2011 7 13 8 13 29.2% 0.88 [0.45,1.70]

JaalyE 2013 2 63 15 63 16.0% 0.13[0.03, 0.56) -

Jousela | 1994 8 15 7 15 28.1% 1.14 [0.56, 2.35)

Subtotal (95% Cl) 91 91 73.3% 0.60[0.21, 1.78]

Total events 17 30

Heterogeneity: Tau®= 0.68; Chi*=9.23, df=2 (P = 0.010); F=78%

Test for overall effect: Z=0.91 (P = 0.36)

21.2NIVvs IS

Matte 2000 10 66 9 30 26.7% 0.51[0.23,1.11) — &=

Subtotal (95% Cl) 66 30 26.7% 0.51[0.23, 1.11] -

Total events 10 9

Heterogeneity: Not applicahle

Test for overall effect: Z=1.69 (P = 0.09)

Total (95% CI) 157 121 100.0% 0.60 [0.28, 1.28] -

Total events 27 39

i <P . 2 - - - I $ + {
Heterogeneity: Tau®= 0.39; Chi*= 9.70, df= 3 (P = 0.02); F= 69% 0.01 01 ] 10 100

Test for overall effect. Z=1.31 (P=0.19)
Test for subaroun differences: Chi*=0.07. df=1 (P=0.79). F=0%

Favours NIV Favours Control

Figure 4 Forest plot of comparison: NIV vs. no NIV, outcome: atelectasis. NIV, non-invasive ventilation; IS, incentive spirometry.

hospital stay (Al Jaaly 2013: RR 1.12, 95% CI: 0.78 to 1.60;
Aragjo-Filho 2017: P=0.41). Al-Mutairi 2012 aimed to
compare CPAP with IS failed to provide enough evidence
for this outcome.

NIV failed to reduce the rate of reintubation of post
cardiac surgery patients

Three studies compared NIV plus standard therapy with
standard therapy alone reported this outcome, included 462
(NIV wvs. control: 226 vs. 236) participants (14,18,22). We

© Journal of Thoracic Disease. All rights reserved.

combined them in a meta-analysis by BiPAP (included 170
participants, NIV vs. control: 80 vs. 90) and CPAP (included
292 participants, NIV vs. control: 146 vs. 146) ventilation
mode.

Meta-analysis of these studies showed no statistical
heterogeneity (I’=0%), and NIV failed to reduce the rate
of reintubation (RR 0.68; 95% CI: 0.21 to 2.26, P=0.53) in
total.

The analysis showed a low statistical heterogeneity
(I’=23%) between subgroups divided by ventilation mode,

7 Thorac Dis 2020;12(4):1507-1519 | http://dx.doi.org/10.21037/jtd.2020.02.30
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NIV Standard therapy Risk Ratio Risk Ratio

Study or Subgroup _ Events Total _ Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

1.2.1 BiPAP

Franco 2011 7 13 8 13 38.0% 0.88[0.45,1.70]

Jaaly E 2013 2 63 15 63 24.9% 0.13[0.03, 0.56) — &

Subtotal (95% Cl) 76 76 62.9% 0.37 [0.04, 3.34]

Total events 9 23

Heterogeneity: Tau®= 2.22; Chi*= 7.85, df=1 (P = 0.005); F= 87%

Test for overall effect. Z=0.89 (P =0.38)

1.2.2 CPAP

Jousela | 1994 8 15 7 15 37.1% 1.14 [0.56, 2.35) r

Subtotal (95% Cl) 15 15 37.1% 1.14 [0.56, 2.35]

Total events 8 7
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Figure 5 Forest plot of comparison: NIV plus standard therapy vs. standard therapy, outcome: atelectasis. NIV, non-invasive ventilation;

BiPAP, bi-level positive airway pressure; CPAP, continuous positive airway pressure.
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Figure 6 Forest plot of comparison: NIV plus standard therapy vs. standard therapy, outcome: pneumonia. NIV, non-invasive ventilation;

BiPAP, bi-level positive airway pressure; CPAP, continuous positive airway pressure.

and subgroup analysis failed to show any improvement exert
from NIV (BiPAP: RR 0.34; 95% CI: 0.05 to 2.10, P=0.25
or CPAP: RR 1.50; 95% CI: 0.25 to 8.85, P=0.65) as well
(Figure 9).

NIV failed to reduce cardiac complications of post

cardiac surgery patients
"Two studies reported this outcome with 418 participants

© Journal of Thoracic Disease. All rights reserved.

(NIV vs. control: 209 vs. 209) (14,18). Both of studies
compared the use of NIV plus standard therapy with
standard therapy alone. Al Jaaly 2013 applied BiPAP for
ventilation mode, and Zarbock 2009 applied CPAP.

The meta-analysis showed no statistic heterogeneity
between the two included studies (I’=0%), and indicated
that the prophylactic use of NIV post cardiac surgery failed
to decrease the risk of cardiac complications (RR 0.81, 95%
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Figure 7 Forest plot of comparison: NIV vs. no NIV, outcome: length of ICU stay. NIV, non-invasive ventilation; IS, incentive spirometry;

BiPAP, bi-level positive airway pressure; CPAP, continuous positive airway pressure.
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Figure 8 Forest plot of comparison: NIV plus standard therapy vs. standard therapy, outcome: length of hospital stay. NIV, non-invasive

ventilation.

CI: 0.59 to 1.13, P=0.22) (Figure 10).

NIV failed to reduce the mortality of post cardiac
surgery patients

Two studies reported the mortality of the subjects included
135 participants (NIV vs. control: 135 vs. 99), with one (Al
Jaaly 2013) compared BiPAP plus standard therapy with
standard therapy alone, and the other one (Al-Mutairi 2012)
compared CPAP with IS. This analysis had no statistical
heterogeneity (I’=0%) (14,21).

Al Jaaly 2013, which included 126 participants (NIV vs.
control: 63 vs. 63), reported 1 patient died in NIV group
while 1 died in control group (RR 1.00; 95% CI: 0.06 to
15.64).

Al-Mutairi 2012, which included 108 participants (NIV

© Journal of Thoracic Disease. All rights reserved.

vs. control: 72 vs. 36), reported 3 participants died in NIV
group, while no participant died in control group (RR 3.55;
95% CI: 0.19 to 66.89).

We found NIV exert no significant difference of
mortality between the NIV group and the control group
through the meta-analysis (RR 2.02; 95% CI: 0.29 to 14.05,
P=0.48) (Figure 11).

NIV increased 6-MWD of post cardiac surgery patients
Only one study reported the measurement of 6-MWD
among the included studies (19), which compared the use
of CPAP plus standard therapy with standard therapy alone
with 50 participants (CPAP vs. control: 25 vs. 25). The study
showed the prophylactic use of NIV post cardiac surgery
led to a significantly increase in 6-MWD (MD 69.73 m,
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Figure 9 Forest plot of comparison: NIV plus standard therapy vs. standard therapy, outcome: rate of reintubation. NIV, non-invasive

ventilation; BiPAP, bi-level positive airway pressure; CPAP, continuous positive airway pressure.
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Figure 10 Forest plot of comparison: NIV plus standard therapy vs. standard therapy, outcome: cardiac complications. NIV, non-invasive

ventilation; BiPAP, bi-level positive airway pressure; CPAP, continuous positive airway pressure.
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Figure 11 Forest plot of comparison: NIV vs. no NIV, outcome: mortality. NIV, non-invasive ventilation; IS, incentive spirometry; BiPAP,

bi-level positive airway pressure; CPAP, continuous positive airway pressure.
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95% CI: 28.96 to 110.50, P<0.001).

Discussion

The target of this study is to elaborate the effectiveness of
the prophylactic use of NIV in subjects who underwent
cardiac surgery. Post-operate pulmonary complications
occurred frequently in patients went through cardiac
surgery, with atelectasis be the most common one. Those
complications usually led to an increase in hospital length
of stay, morbidity, mortality, and cost for the health care
system (2-4). Therefore, strategies, such as NIV, are in need
to reduce the complications after the cardiac surgery.

The primary outcomes are pulmonary complications
(including atelectasis and pneumonia), the length of ICU
stay and the length of hospital stay.

We assumed the reasons for the failure of NIV to reduce
pulmonary complications in several studies may be the
following. First, since atelectasis was more common in
patients with internal thoracic artery grafting and pleural
drainage (15), the difference of the ratio of their presence
in intervention groups and control groups (which is not
reported in every study included) may exert influence on
outcomes. Phrenic nerve injury during surgery are often
seen, and it would be expected to cause atelectasis and
other complications soon after the removal of mechanical
ventilation, therefore the use of NIV only delay the occur
of atelectasis, but failed to prevent it from happening (15).
Moreover, decreased mobility in bed, pain after surgery
and lung damage during surgery are risk factors contribute
to post surgery complications (23,24), which couldn’t
be altered by NIV (16). However, when we performed
the analysis on the incident of atelectasis, we noticed the
high heterogeneity among studies was brought out by Al
Jaaly 2013 which showed a more favorable result for NIV.
After assessed the four studies reported this outcome, we
believed the length of the NIV time were contributed to the
heterogeneity. Al Jaaly 2013 applied NIV during the first
24 hours (median is 16 hours), while the other three studies
are 8 hours 30 minutes each application (1 hour in total)
and every 1 hour for 3 hours (8 hours in total) (14-17). This
outcome might indicate that we may be able to decrease
the risk of post-cardiac surgery atelectasis with longer NIV
time, but more evidence and RCTs are needed in the future
to prove the assumption.

The length of hospital stay and ICU stay in our study
show discrepancy compared with those in a previous study
by Pieczkoski 2017 (25). Although Pieczkoski ez 4/. included

© Journal of Thoracic Disease. All rights reserved.
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the same three RCTs and determined the length of ICU
stay, they extracted the data from Zarbock 2009 incorrectly,
which led to an opposite conclusion. As for the length of
hospital stay, they failed to conduct a meta-analysis due to
the lack of RCTs.

Since NIV failed to reduce pulmonary complications, we
assumed it shortened the length of ICU and hospital stay
through other mechanisms. After reading through studies
included in the analyses of the length of hospital stay and
ICU stay, we found that Zarbock 2009 reported NIV
significantly decreased the occurrence of hypoxemia event
(PaO,/FiO, <100). Jousela 1994 and Pinilla 1990 reported
the decrease of PaO,/FiO, after surgery significantly
reduced in NIV treatment group. Matte 2000 reported
NIV significantly lightened the reduce of FEVI1. For these
reasons, we assumed the length of hospital stay and ICU
stay might be shortened by the increase of PaO,/FiO, and
the improvement of pulmonary function in these studies.
However, this hypothesis still needs to be confirmed
by follow-up researches. In addition, since two studies
excluded from the analyses of the length of hospital stay
and ICU stay (Al Jaaly 2013 and Aratjo-Filho 2017) due to
lack of data failed to reported any improvement through
NIV treatment, the benefit of NIV treatment in these two
outcomes still in need of more RCTs to provide supportive
evidence.

The secondary outcomes are rate of reintubation,
cardiac complications, mortality and exercise capacity (6-
MWD). Our study failed to find any significant change in
the rate of reintubation, mortality and cardiac pulmonary
complications.

Although we failed to find any significant difference in
rate of reintubation when NIV was applied as an adjunct
to standard therapy, we did observe a tendency to reduce
reintubation in the subgroup applied BiPAP. We failed to
find the same tendency in the subgroup applied CPAP. A
moderate heterogeneity was found between subgroups,
which suggested that the mode of ventilation may have an
impact on the outcomes, but more trials are expected to be
carried out in the future.

Functional capacity is limited in patients who went
through cardiac surgery due to many factors, including
abnormal ventilatory responses, peripheral muscle
dysfunction and cardiac dysfunction (20,26). The 6-minute
walk test (6MWT) is a useful evaluation tool for exercise
capacity because the test is simple and cost-effective (27).
Only one study reported this outcome with a significant
improvement, therefore, more RCTs are expected in the
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future.

Compared with the previous meta-analysis, out study
have the following improvement. First, we included a new
RCT published in 2017 that reported the effectiveness of
applying NIV immediately after cardiac surgery. Second, we
divided our studies into subgroups according to ventilation
mode (BiPAP and CPAP) and their control groups, in order
to figure out whether the type of modes have an impact
on the outcomes and eliminate the bias cause by different
control groups. Third, we excluded one article from the
previous meta-analysis which aimed to applied NIV on early
extubation subjects. We decided the timing of extubation
would have an impact on the outcomes. Forth, we added
cardiac complications and exercise capacity (6-MWD) as
outcomes of our study.

However, our study is limited by the small sample size.
The methodological quality of the RCTs included were
unsatisfying, and it was almost inevitable for most of them
failed to report allocation concealment and blindness
properly due to the process of NIV treatment. Difference
in the parameters and length of ventilation applied in NIV
groups may increase the bias of our outcomes as well. In
order to determine the effectiveness of applying NIV in
subjects went through cardiac surgeries, more RCTs with
better methodological methods and larger sample size are
expected to be presented in the future, and we expect to find
more RCTs applying NIV with longer ventilation time to
figure out whether the length of NIV time have an impact

on the outcomes.

Conclusions

There was no significant difference in pulmonary
complications between prophylactic NIV and standard
therapy in post-cardiac surgery subjects. However, it
indicated that the incidence of pulmonary complications of
post-cardiac surgery subjects may be reduced by prolonged
NIV treatment. Our study showed that the application of
NIV may shorten the length of hospital stay and the length
of ICU stay, but there was no significant difference between
the prophylactic NIV and standard therapy in mortality,
rate of reintubation and cardiac complications. Therefore,
after careful consideration, we recommend the use of NIV
after cardiac surgery to shorten the length of hospital stay
and ICU stay, and the use of NIV with prolonged treatment
to prevent pulmonary complications. However, due to the
low methodological quality and the small sample size of the
included study, more RCTs with high quality are expected
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Wu et al. NIV and cardiac-surgery

in the future to expand the information.
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