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Study or Subgroup _Mean Difference SE Weight

GARROD 2000 0.01 012 6.0%
GAY 1996 -0.11 013 51%
JONES 1995 0.02 0.04 54.2%
STRUMPF 1991 0.02 0.05 34.7%
Total (95% CI) 100.0%

Heterogeneity: Chi? = 0.95, df =3 (P = 0.81); = 0%
Test for overall effect: Z = 0.43 (P = 0.67)

Mean Difference
IV, Fixed, 95% CI IV, Fixed, 95% CI
0.01 [-0.23, 0.25]

-0.11 [-0.36, 0.14]
0.02 [-0.08, 0.10]
0.02 [-0.08, 0.12]

Mean Difference

0.01 [-0.04, 0.07]

-05 -0.25 0 0.25 0.5
NIV Control

Figure 7. NIV versus control group on FEV, in subgroup of short term.

Figure 8. A. NIV versus control group on FVC in subgroup of long term (pred%). B. NIV versus control group on FVC

in subgroup of long term (L).

There were trends toward a benefit noted in the
NIV group, although three of the six long term
studies demonstrated no significant differenc-
es. Three studies [19, 30, 37] demonstrated
contradictory results using different scales.
Two short term studies demonstrated that NIV
significantly improve health state.

Dyspnea

Because different dyspnea scales were used in
the RCTs, it was impossible to combine the out-
come data (Table 5).

For short-term follow-up, one study [35], using
the Transitional Dyspnea Index (TDI) to mea-
sure dyspnea, noted that no improvements
were observed in the patients’ abilities to per-
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form tasks or to undertake functional activities
after receiving NIV. Another study [31] demon-
strated that there were no significant differenc-
es in dyspnea changes between the NPPV + ET
and ET groups (MD 3.29, 95% Cl -1.26 to 7.84).

For long-term follow-up, six studies provided
data regarding dyspnea [18, 19, 28, 30, 36,
38]. Four studies demonstrated that significant
improvements occurred in the NIV group com-
pared with the control group, whereas two stud-
ies [28, 38] demonstrated no differences be-
tween the NIV and control groups.

Lung function

For short-term follow-up, three studies [31, 33,
35] reporting FVC values and four studies [31-
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A
Study or Subgroup Mean Difference SE Weight

Mean Difference Mean Difference
IV, Random, 95% CI IV, Random, 95% ClI

1.9.1 FEV1(pred%)

Backer 2011 1.7 604 29%
Bhatt 2013 0.2 3.81 7.4%
Casanova 2000 -1 247 17.5%
Clini 2002 -11 173 357%
Funk 2010 2 465 49%
McEvoy 2009 -2.2 1.84 31.6%
Subtotal (95% CI) 100.0%

Heterogeneity: Tau? = 0.00; Chi* = 1.13, df = 5 (P = 0.95); I’ = 0%

Test for overall effect: Z = 1.06 (P = 0.29)

1.70 [-10.14, 13.54]

0.20 [-7.27, 7.67] —
-1.00 [-5.84, 3.84] —
-1.10 [-4.49, 2.29] —a—

2.00 [-7.11, 11.11] -
-2.20 [-5.81, 1.41] —=
1.10 [-3.12, 0.93] <>

NIV Control
B Mean Difference Mean Difference
Study or Sul Mean Diff SE Weight IV, Fixed. 95% CI V. Fixed, 95% C1
Duiverman2011 012 0.051 19.5% 0.12[0.02, 0.22] —
Struik2014 -0.03 0.0458 24.2% -0.03[-0.12, 0.08] —=r
Xiang 2007 012 003 56.3% 0.12[0.06, 0.18] -
Total (95% Cl) 100.0% 0.08 [0.04, 0.13] L 2

Heterogeneity: Chi* = 8.13, df =2 (P = 0.02); > = 75%
Test for overall effect: Z = 3.72 (P = 0.0002)

05 025 0 025 05
NIV Control

Figure 9. A. NIV versus control group on FEV, in subgroup of long term (pred%). B. NIV versus control group on FEV,

in subgroup.
Mean Difference Mean Difference
__Study or Subgroup _ Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
1.11.1 short term
GARRQOD 2000 -53 475 17.3% -5.30[-14.61,4.01] B
STRUMPF 1991 3 3.06 416%  3.00[-3.00, 9.00] il
Subtotal (95% Cl) 58.9%  0.57 [-4.48, 5.61] >
Heterogeneity: Chi? = 2.16, df = 1 (P = 0.14); I1* = 54%
Test for overall effect: Z = 0.22 (P = 0.83)
1.11.2 long term
Casanova 2000 -6 524 14.2% -6.00[-16.27,4.27] T
Chiang 2004 8.16 7.28 7.3% 8.16 [-6.11, 22.43] -1 -
Clini 2002 25 516 146% 250[-7.61,12.61) — ™
Duiverman2011 17.34 8.85 5.0% 17.34 [-0.01, 34.69] = =
Subtotal (95% Cl) 411%  2.37 [-3.66, 8.41] -
Heterogeneity: Chi* = 6.05, df = 3 (P = 0.11); I = 50%
Test for overall effect: Z = 0.77 (P = 0.44)
Total (95% CI) 100.0%  1.31[-2.56, 5.18) ?

Heterogeneity: Chi* = 8.41, df =5 (P = 0.14); I?’=41%
Test for overall effect: Z = 0.66 (P = 0.51)

-20 10 0 10 20
NIV Control

Test for subgroup differences: Chi? = 0.20. df = 1 (P = 0.65). I’ = 0%

Figure 10. NIV versus control group on PImax.

33, 35] reporting FEV, values were included to
perform meta-analyses, which demonstrated
no significant differences in FVC or FEV,
between the NIV and standard care groups
(MD,, 0.09 L, 95% ClI -0.05 to 0.22; MD

FEVL
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0.01, 95% CI-0.04 t0 0.07), as shown in Figures
6and 7.

For long-term follow-up, three studies [18, 19,
28] involving 157 patients demonstrated no
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Mean Difference Mean Difference
H 0, H 0,
1.13.1 short term
GARROD 2000 246 17.86 19.1% 24.60[-10.40, 59.60) 1 .
STRUMPF 1991 11 8.67 80.9% 11.00[-5.99, 27.99] 1 =
Subtotal (95% CI) 100.0% 13.59 [-1.69, 28.88]

Heterogeneity: Chi? = 0.47, df = 1 (P =0.49); I?’= 0%
Test for overall effect: Z = 1.74 (P = 0.08)

1.13.2 long term

Casanova 2000 -11 6.14 54.4%
Chiang 2004 3.06 6.7 45.6%
Subtotal (95% CI) 100.0%

Heterogeneity: Chi? = 2.39, df = 1 (P = 0.12); I> = 58%
Test for overall effect: Z=1.01 (P = 0.31)

-11.00 [-23.03, 1.03] =

3.06 [-10.07, 16.19) f
-4.58 [-13.45, 4.29]

! I ! !
T

-50 -25 0 25 50

NIV Control
Figure 11. NIV versus control group on PEmax.
Mean Difference Mean Difference
Study or Subgroup _Mean Difference SE Weight V. Random, 95% Cl IV, Random, 95% Cl
GAY 1996 23 377 39.9% 2.30 [-5.09, 9.69]
JONES 1995 8 255 49.7% 8.00 [3.00, 13.00] L
STRUMPF 1991 -14 11.22 10.4% -14.00 [-35.99, 7.99] -
Total (95% CI) 100.0%  3.45[-4.30, 11.19]

Heterogeneity: Tau? = 24.88; Chi? = 4.70, df = 2 (P = 0.10); I = 57%

Test for overall effect: Z = 0.87 (P = 0.38)

-20 -10 0 10 20
NIV Control

Figure 12. NIV versus control group on sleep efficiency in short term subgroup.

significant differences in predicted FVC (%)
between the NIV and standard care groups (MD
-3.58, 95% CI -9.07 to 1.90) (Figure 8A). Three
studies [30, 36, 38] involving 190 patients
demonstrated limited treatment effects on FVC
and FEV, (MD, . 0.12 L, 95% CI 0.04 to 0.19;

FVC

MD,,,, 0.08 L, 95% CI 0.04 to 0.13) (Figures
8B, 9B). Six studies [18-20, 22, 27, 28] involv-
ing 283 patients were included in the meta-
analysis, which demonstrated no significant
effects (MD -1.10, 95% CI -3.12 to 0.93) in pre-

dicted FEV, (%) values (Figure 9A).
Respiratory muscle function

For short-term follow up, two studies provided
data regarding Plmax and PEmax values [31,
35]. The improvements in Plmax were not sta-
tistically significant (MD 0.57 cm H,0, 95% Cl
-4.48 to 5.61). PEmax demonstrated small
improvements following short-term NIV (MD
13.59 cm H,0, 95% Cl -1.69 to 28.88), as
shown in Figures 10 and 11.
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For long-term follow-up, four studies provided
data regarding PImax [18, 19, 29, 30], and two
studies provided data regarding PEmax [18,
29]. The differences in PImax and PEmax were
not statistically significant (Plmax MD 2.37 cm
H,0, 95% CI -3.66 to 8.41; PEmax MD -4.58 cm
H,0, 95% Cl -13.45 to 4.29).

Sleep efficiency and sleep quality

For short-term follow-up, three studies provided
data regarding sleep efficiency [32, 33, 35]
that demonstrating small negative effects after
three months (MD 3.45,95% CI-4.30t0 11.19).
These effects were characterized by substan-
tial heterogeneity (1>=57%) (Figure 12).

For long-term follow-up, a study evaluated sleep
efficiency by measuring time sleep as a per-
centage of total time in bed [20], but it obtained
follow-up measurements only in the NIV group.
Another study [19] noted that sleep quality
scores have not significantly change over time

Int J Clin Exp Med 2016;9(2):468-484
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_SE(MD)

Chinese study [36], we deter-
mined that there was no sig-
nificant improvement in PaO,
in the long-term subgroup.
Compared with the control
group, there was a significant
decrease in PaCO, in the long-
term subgroup of the NIV
group. However, the heteroge-
neity was high (Chi*=142.94,
P<0.00001; 12=93%) which
might have been the result of
the varying treatment peri-
MD ods, inspiratory pressure lev-

10

-20 -10 0 10

20 els and baseline of PaCO,,. If

Subgroups
|E| short term <> long term

| two of the Chinese studies

Figure 13. Funnel plot of PaCO,.

_SE(MD)

[29, 36] were excluded, the
heterogeneity was reduced by
36% in the long-term sub-
group. The improvement in
the 6MWD was not statisti-
cally significant, however, it
was indicative of a positive
trend in the meta-analysis.
The pooled result of the meta-
analysis reached the clinically
minimal important difference
of 26 m [39]. Compared with
the short-term subgroup, the
patients in the long-term gro-
up might have experienced
greater improvements in the
. 6MWD among those patients
Mo who received NIV. We were

10 f t t
-20 -10 0

10

20 unable to determine the stan-

Subgroups
E short term <> long term

| dard errors for GMWD chang-

Figure 14. Funnel plot of PaO,,.

in either group, although sleep scores improved
slightly for patients who received NIV. A third
study [28] measured sleep quality that using
the Pittsburgh Sleep Quality Index (PSQI) and
found that there were no changes in the quality
of sleep. No meta-analyses were performed.

Discussion
Main findings
In this meta-analysis, we found that NIV im-

proved gas exchange significantly only in the
long-term group. However, if we excluded the
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es in the studies by Backer
and Bhatt because these val-
ues were uncertain. Additional
high quality studies with larg-
er sample sizes should clarify the role of this
treatment.

The mortality due to COPD was low in the short-
term group; however, it was high in the long-
term follow-up group. The benefits of NIV were
not demonstrated in the meta-analysis if a par-
ticular study [37] was excluded. Because COPD
is a common disease which has a long natural
history, a meta-analysis based on RCTs might
not be sufficient to evaluate the benefits of sur-
vival and mortality; a cohort study or case-con-
trol study with a long follow-up period might be
more appropriate. Kéhnlein’s study showed

Int J Clin Exp Med 2016;9(2):468-484



Systematic review of long term non-invasive ventilation in COPD

Strengths and limitations

All of the included studies had
low risk for bias of either ran-
domization or allocation con-
cealment, with the exception
of three studies [27, 29, 36]
which did not describe me-
thods of allocation conceal-
ment. We determined that all
of the studies were at low risk
for blinding bias because the-
ir outcomes were not likely

l_-’__SE(RD) :
L0
0.0571 |
[ i
8
O
! ® <o
01T . e}
3
o
015+ !
0.2 + t L } }
05 0.25 0 0.25

. RD to have been influenced by a
05 lack of blinding.

Subgroups
|E Short term 0 long term

| Two studies [32, 35] were

Figure 15. Funnel plot of death.

substantial improvement in survival (12% in the
NIV and 33% in the control group) which was
conflict to previous studies. Compared with pre-
vious studies, Kéhnlein’s study included more
homogenous, higher concentration of hyper-
capnia, stable COPD cohort, and higher NIV
doses than previous studies [40]. The study by
Plant demonstrated that NIV could reduce
COPD patients’ treatment cost and mortality
[41]. The benefit of NIV in PaCO, could be
increased by ventilation strategy with higher
inflation pressures and backup rate [42].
However, long term NIV efficacy for stable COPD
remains uncertain in terms of hard outcomes
[43]. Some cohort studies suggest that mortal-
ity or readmission rates of patients who were
treated by NIV dependent upon the varieties of
COPD patients [44, 45]. NIV is more effective in
obese COPD patients, and unlikely to be benefi-
cial if PaCO, is lower than 7 kPa [44, 46].

Outcomes such as HRQoL, dyspnea, and hospi-
talization were not combined due to differenc-
es in their measurements. Eight studies mea-
sured HRQoL with seven different scales, and
seven studies measured dyspnea with four dif-
ferent scales. Different scales are character-
ized by different reliability and validity. In the
assessment of COPD’s HRQolL, the SRI per-
formed slightly better than the CCQ, CRQ, and
MRF-28 [47]. Hospitalization data were report-
ed in seven studies, however, these data were
measured as rates, numbers, visits or lengths
of stay, depending upon the study in question.
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judged as being at high risk

for attrition bias due to their

numbers of dropouts, which
might have influenced their true outcomes. All
of the outcomes that listed in the articles’
methods sections were reported; however, the
original protocols were not available, with the
exception of the three studies [28, 30, 37]. We
were not able to determine whether all of the
pre-specified outcomes were reported, there-
fore, the risk of reporting bias was unclear. We
excluded two studies due to their short treat-
ment periods [48, 49]. We estimated standard
deviations according to the Cochrane Handbook
when we were unable to find the corresponding
data within the published articles, which might
have affected the precision of our evaluations
of these studies’ outcomes. The funnel plots
were asymmetric, therefore, there were publi-
cation bias (Figures 13-15).

Comparison with other studies

Three systematic reviews have assessed the
effectiveness of NIV for patients with stable
COPD [23, 50, 51]. The systematic review
by Kolodziej pooled six RCTs and nine non-
RCTs, determined that bi-level NIPPV improved
gas exchange and reduced both lung hyperin-
flation and the diaphragmatic work of breath-
ing. However, the heterogeneity of the pooled
results was high. Another systematic review by
Chen included five RCTs and one crossover
study, reported that NIPPV improved gas
exchange, dyspnea and sleep quality. This sys-
tematic review might have missed some stud-
ies [22, 29, 34, 35].
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Those reviews didn’t perform subgroup analy-
ses based on treatment periods. A recent
Cochrane Systematic Review (CSR) included
five RCTs and two crossover studies that involv-
ing 245 patients, and it found that home NIPPV,
administered over a period of three months in
patients with stable COPD, resulted in no sig-
nificant improvements in gas exchange, exer-
cise tolerance, HRQoL, lung function, respira-
tory muscle strength or sleep efficiency. Al-
though the CSR represents the highest form
evidence with which to make decisions, due
to its rigorous methodology, this CSR did not
include some of the studies [22, 29, 31].
Compared with these three systematic reviews,
our study included studies missed by the other
reviews and also included other five newly pub-
lished articles [27, 28, 30, 37, 38] which could
provide clinicians with additional important in-
formation with which to evaluate the useful-
ness of NIV in COPD. The outcomes of short-
term subgroup were consistent with those of
the CSR but they were different from those of
two other reviews. At the same time, the out-
comes of the long-term subgroup were differ-
ent from those of the CSR and consistent with
those of the two other reviews.

Although there were several reviews assessing
the topic with the included studies in the past,
they all had the same conclusions. However,
recent data suggested that there are different
results in the literature with regard to the under-
lying ventilator strategy. Previous studies using
low inspiratory pressure levels gained no posi-
tive results, whereas studies using higher pres-
sure levels got it, which has been shown in sev-
eral papers [52-54]. The most recent study
[37] significantly reducing PaCO, was a positive
study with regard to survival using higher pres-
sure levels. PaCO, reduction is a significant pre-
dictor of mortality, but it only makes a small
contribution to the overall benefit of NPPV [40].
Whether this association has a causal effect
needs discussion and long-term follow-up data
of such patients to reconfirm the benefits of
NPPV.

Conclusion

NIV administered to patients with stable COPD
over periods of less than three months exert-
ed no clinically or statistically significant effects
on gas exchange, exercise tolerance, HRQoL,
death, lung function or sleep efficiency. Blood
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gases, exercise tolerance and lung function
were significantly improved following more than
six months of NIV. However, long term NIV effi-
cacy for stable COPD remains uncertain in
terms of mortality and readmission. Long-term
follow-up data of such patients is needed to
reconfirm the benefits of NPPV.
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