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AbstrAct
Background The number of immunocompromised patients 
has increased in recent years. Acute respiratory failure 
is a common complication leading to intensive care unit 
(ICU) admission and high mortality among such patients. 
The use of non-invasive ventilation (NIV) or oxygen therapy 
among these patients remains controversial, according to 
the inconsistent results of several randomised clinical trials 
(RCTs). This meta-analysis aims to evaluate whether NIV or 
oxygen therapy is the more appropriate initial oxygenation 
strategy for the immunocompromised patients with acute 
respiratory failure.
Method We will search all the RCTs that 
compared the efficacy of NIV and oxygen therapy 
on immunocompromised adult patients with acute 
hypoxaemic respiratory failure on the major databases 
(Cochrane Library, MEDLINE, EMBASE, Web of Science 
and others), conference proceedings and grey literature. 
Eligible RCTs will be included in accordance with the 
pre-specified eligibility criteria. The risk of bias will 
be assessed using the Cochrane Collaboration criteria 
and the quality of evidence will be assessed with the 
Grading of Recommendations Assessment, Development 
and Evaluation system. Data will be extracted with a 
standardised form and analysed using RevMan V.5.3 
analyses software. Heterogeneity will be assessed using 
I2 statistic and the source of which will be investigated. 
Publication bias will be identified with the funnel plot.
Ethics and dissemination Ethical approval is not required 
since it is not carried out in humans. The systematic review 
will be published in peer-reviewed journals and disseminated 
extensively through conferences.

Background
description of the problem
Numerous factors such as the epidemic 
of AIDS,1 improved survival rates of active 
malignancies,2 3 innovative advances in organ 

transplantation,4 better outcomes of alloge-
neic hematopoietic cell transplantations5 and 
the more common application of immuno-
suppressive therapy have contributed to an 
increasing number of immunocompromised 
patients. These patients are more vulner-
able to infection due to their inadequate 
immune response to foreign antigens.6 Some 
life-threatening complications can lead to 
requirement of intensive care unit (ICU) 
admission for these patients, among which 
acute respiratory failure (ARF) is the most 
common with particularly high mortality.7 ARF 
is a relatively sudden onset of dysfunction of 
the respiratory system, and the most common 
causes among immunocompromised patients 
are immunosuppression-related infection,8–10 
disease-specific infiltration,11 chemothera-
py-associated organ toxicity12 and idiopathic 
pneumonia syndrome associated with graft-
versus-host disease (GVHD).13 For patients 
with severe ARF, invasive ventilation is 
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Protocol

Strengths and limitations of this study

 ► There is no existing meta-analysis on the 
use of non-invasive ventilation (NIV)  among 
immunocompromised patients with acute 
hypoxaemic respiratory failure.

 ► This meta-analysis includes only randomised clinical 
trials and will thus provide the highest quality of 
evidence for clinical practice.

 ► Subgroup analysis based on different levels of 
severity might support the use of NIV in more severe 
patients.

 ► The number of included studies is likely to be small.
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required in order to support alveolar ventilation; however, 
such intervention also contributes to high mortality 
due to the risk of ventilator-associated pneumonia.14 
Therefore, the strategy of delivering oxygen is of great 
importance for improvement of oxygenation, which may 
lead to reduction of intubation rate and mortality.

description of the intervention
The percentage of usage of non-invasive ventilation (NIV) 
has increased from 29% in 1997 to 42% in 2011 among 
patients with ARF.15 The benefits NIV may bring are asso-
ciated not only with the degree of inspiratory workload 
spared by the positive airway pressure provided but also 
with the invasive-ventilation-associated complications that 
are prevented by NIV.16–18 However, the failure of NIV was 
identified as an independent risk factor for ICU mortality, 
which occurred in half of the critically ill haematological 
patients.19 Oxygen therapy, conducted via either nasal 
cannula, venturi mask or reservoir mask, is the basic tech-
nique used in patients with acute lung injury. Patients 
might benefit from oxygen therapy for less discomfort or 
intolerance compared with NIV.20

Why is it important to do this review?
The use of NIV was recommended for patients with acute 
hypoxaemic respiratory failure in the setting of immuno-
suppression weak (grade 2B),21 based on Antonelli et al’s 
and Hilbert et al’s randomised clinical trials (RCTs) 
published in 2000 and 2001,22 23 respectively. Findings 
of these two studies showed that NIV was associated with 
reduced intubation rate and mortality in immunocom-
promised patients with acute hypoxaemic respiratory 
failure. However, findings to the contrary can be found 
in the publications of Wermke et al24 and Lemiale et al.25 
Both of their studies showed that NIV was not associated 
with lowered intubation rate or mortality compared with 
oxygen therapy. No solid conclusion could be drawn 
based on the data currently available according to the 
reviews published in recent years, except that NIV should 
be applied with great caution in this group of patients.26 27 
Since the application of NIV in immunocompromised 
patients with acute hypoxaemic respiratory failure 
remains controversial, a systematic review and meta-anal-
ysis that summarises all the available RCTs is called for to 
provide guidance for the management of this group of 
patients. To our knowledge, no meta-analysis about this 
topic has yet been published.

The aim of this study is to determine the efficacy of NIV 
in comparison with oxygen therapy as the initial oxygen-
ation strategy on the immunocompromised patients 
with acute hypoxaemic respiratory failure, with respect 
to mortality, intubation rate and hospital length of stay, 
and also to explore the patient selection strategy for the 
initial oxygenation strategy. Furthermore, the proposed 
systematic review will provide evidence for the use of NIV 
in subgroups of patients with different levels of disease 
severity, cause of immunosuppression, cause of ARF and 
others.

MeThod
This protocol of systematic review was reported following 
Preferred Reporting Items for Systematic Review and 
Meta-Analyses Protocol guidelines.28

eligibility criteria: participants, interventions, comparisons 
and outcomes
Type of studies
Only RCTs will be included. Other types of studies such as 
observational studies, cohort studies, case–control studies 
and laboratory studies will be excluded. All included 
studies have to comply with international ethical rules.

Type of participants
This review will include RCTs involving immunocompro-
mised adult patients with ARF. The immunocompromised 
patients include patients with haematological malignancy, 
solid cancer, AIDS or those receiving corticosteroid or cyto-
toxic therapy, or those having gone through solid organ 
or stem cell transplantation. Acute hypoxaemic respira-
tory failure is defined as respiratory rate >30 breaths/min, 
PaO2 <60 mm Hg on room air or laboured breathing, and 
a partial pressure of arterial carbon dioxide not higher 
than 45 mm Hg.19 RCTs with a subgroup of participants 
who meet the criteria above will also be included, on the 
condition that the data of outcome for this subgroup are 
available. It should be noted that RCTs will be included 
if more than 85% of the involved participants meet the 
eligibility criteria, even if the outcomes of these eligible 
participants are unavailable.

Type of intervention
The intervention group refers to patients treated with 
NIV, which includes two main modes: continuous positive 
airway pressure (CPAP) and bi-level positive airway pres-
sure (BiPAP).

The control group refers to patients treated with 
oxygen therapy. High-flow nasal oxygen (HFNO) therapy 
is a relatively new method of oxygen therapy that differ-
entiates itself from oxygen therapy by providing positive 
pressure.29 Patients who have been treated with HFNO 
are therefore excluded from this study. As for the reports 
where mixed usage of HFNO and oxygen were adopted, 
the trial will be included if the data of sole oxygen therapy 
can be retrieved. We will include RCTs that directly 
compare NIV with oxygen therapy as the initial oxygen-
ation strategy for acute respiratory failure, regardless of 
whether the other oxygenation method was applied later.

Type of outcome measures
 ► Primary outcome:

(1) Mortality: hospital mortality, ICU mortality and 
mortality at the last time available, in case that 
mortalities of all included studies were not meas-
ured at the same time period.

 ► Secondary outcome:
(1) Incidence of tracheal intubation.
(2) Length of ICU stay.
(3) Length of hospital stay.
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(4) Complications related to NIV.
(5) Rate of pulmonary complications not present on 

admission.

Eligible RCTs should include at least one of the primary 
outcomes listed above.

Search strategy for identification of studies
Electronic searches
Two reviewers (YY and LZ) will search the following 
databases: The Cochrane Library, MEDLINE, EMBASE, 
Web of Science, CINAHL, LILACS and PEDro by using 
database-specific search strategies. These electronic 
databases will be searched from January 1980 to date. 
No limitation of language or publication status will be 
applied. The filter for clinical trials will be used for each 
database. The following keywords will be used during the 
database searching: immunosuppression, hematolog-
ical malignancy, cancer, transplantation, corticosteroid, 
cytotoxic, non-invasive ventilation and acute respiratory 
failure. The detailed search strategy can be found in 
the online supplementary 1 and 2.

Searching other resources
The references of relevant studies and review articles will 
be sought for potential information missing in database 
search. Conference proceedings and grey literature will 
be checked. The experts in the field will be contacted to 
identify published and unpublished trials. We will also 
access http://www. clinicaltrials. gov and  ClinicalTrials. gov 
for ongoing and unpublished studies, and the conduc-
tors or authors will be contacted for further information 
if necessary.

Screening of studies
All results identified by the search strategy will be 
screened by two reviewers (ZL and TW) independently. 
Initial screening will be performed on titles and abstracts, 
respectively, where irrelevant studies will be excluded 
according to the eligibility criteria; full texts of the 
remaining studies will subsequently be downloaded and 
screened. Reasons of exclusion will be documented and 
classified. Any disagreements between the reviewers will 
be solved through discussion, and the third author (YL) 
will be consulted if consensus cannot be reached.

Data extraction and management
Two reviewers (ZL and TW) will independently extract all 
the data in the included studies. A standard form will be 
used in extracting the following data:
1. Characteristics of the study: design, setting, method of 

randomisation, allocation concealment, blinding and 
dropouts.

2. Participants: number enrolled in each group, gender, 
age, respiratory rate, oxygen saturation, oxygenation 
index (PaO2/FiO2), Sequential Organ Failure 
Assessment (SOFA), Acute Physiology and Chronic 
Health Evaluation (APACHE II), new Simplified 

Acute Physiology Scale (SAPS II), cause of ARF and 
cause of immunosuppression.

3. Interventions: mode of NIV (CPAP or BiPAP), 
frequency and duration of ventilation; oxygen therapy 
and co-interventions.

4. Outcome: primary outcomes and secondary outcomes 
listed above.

Authors will be contacted for the missing data or 
subgroup data that are unavailable from the text. 
The consistency of data will be ensured by these two 
reviewers.

Assessment of risk of bias
For the included articles, the risk of bias will be assessed 
by two reviewers (YY and LZ) independently, using 
the Cochrane Collaboration criteria,30 which includes 
random sequence generation, allocation concealment, 
blinding of participants and outcome assessment, incom-
plete outcome data and selective outcome reporting. 
Each criterion will be explicitly judged and classified as 
‘low risk’, ‘high risk’ or ‘unclear risk’. Authors will be 
contacted for supplemental information if details for 
assessment reported in the text are considered inad-
equate. The risk will be rated as ‘unclear’ if no further 
information is obtained. The result of assessment of each 
study will be summarised in a chart. Overall risk of bias 
for each study will be defined as ‘low’ if risk of all bias 
components is ranked as ‘low’, ‘moderate’ if at least 
one component is ranked ‘unclear’ with no component 
ranked as ‘high’ or ‘high’ if one or more component is 
ranked as having a ‘high’ risk of bias.

data analyses and assessment of heterogeneity
Measures of treatment effect
The statistical analyses will be performed using RevMan 
V.5.3 analyses software of the Cochrane Collaboration. 
Continuous data such as length of ICU stay and length 
of hospital stay will be presented as mean differences 
with 95% CIs. Dichotomous data such as the number of 
intubation and death will be presented as risk ratios with 
95% CIs. When the rates rather than the numbers are 
reported, we will calculate the numbers based on the data 
provided.

Dealing with missing data
Missing data will be dealt with following the recom-
mendations of the Cochrane Handbook for Systematic 
Reviews of Interventions. Corresponding authors will be 
contacted for further information. If the missing data 
cannot be obtained, we will specify the assumptions of the 
methods used to cope with missing data according to the 
cause of data loss (ie, random dropout or poor outcome). 
We will perform sensitivity analyses to evaluate how sensi-
tive results are to the changes in the assumptions that 
are made. In the Discussion section of the review, we will 
analyse the potential impact the missing data may have on 
the findings of the review.
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Assessment of heterogeneity
Before any outcome is pooled, we will assess the impact 
of heterogeneity using χ2 test and I2 statistic (classified 
as low (<40%), moderate (40%–60%) or high (>60%)). 
I2 values greater than 60% will be considered as having 
substantial heterogeneity. If substantial heterogeneity 
is present, we will investigate the potential source of 
heterogeneity by conducting exploratory analyses.

Assessment of reporting biases
Protocols of included trials will be searched using the 
databases mentioned above. We will contact the authors 
to obtain complete data of the protocols’ envisioned 
outcomes as well as reasons for the non-reporting of 
certain outcomes. Publication bias will be assessed by 
visual analysis of the funnel plot if the number of included 
studies is equal to or greater than 10.

Subgroup analysis and investigation of heterogeneity
Subgroup analysis will be used to explore potential 
sources of heterogeneity. Possible sources of heteroge-
neity are as follows:
1. Severity of acute respiratory failure before 

randomisation indicated by oxygenation index, SOFA, 
SAPS II and APACHE II as the baseline characteristics 
of included patients.

2. Different causes of immunosuppression, that is, HIV 
or non-HIV.

3. Different causes of acute respiratory failure.
4. Types of NIV (CPAP or BiPAP).

Sensitivity analysis will be carried out to assess the effect 
of exclusion of the studies with high overall risk of bias or 
the studies in which immunocompromised patients with 
ARF are a subgroup of the overall participants.

Assessment of pooled effect estimates
As to the pooled assessment of treatment effect, the 
Mantel-Haenszel method will be used for fixed-effects 
estimation and the DerSimonian and Laird method for 
random-effects estimation. The random-effects model 
was preferred if heterogeneity of treatment effects was 
present; otherwise, a fixed-effect model would be used. 
p Values <0.05 will be considered statistically significant. 
Results will be presented in tables and discussed after-
wards where data aggregation is not possible due to 
substantial heterogeneity.

The quality of evidence contributing to pooled effect 
estimates will be evaluated following the principle of 
the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) system.31 According to 
the GRADE system, the quality of each evidence from RCT 
is considered to be high and will be downgraded with the 
presence of study limitations, imprecision, inconsistency, 
indirectness or publication bias.

Finally, all the findings will be summarised in a table 
following the GRADE principles.

diScuSSion
The benefit of NIV among immunocompromised patients 
with acute hypoxaemic respiratory failure is unclear. The 
recommendation of the use of NIV in those patients has 
been challenged by the different results of the RCTs 
conducted in recent years. This systematic review and 
meta-analysis will synthesise evidences from all the avail-
able RCTs, which would be useful for clinicians regarding 
the use of NIV or oxygen therapy in those patients. 
Besides, subgroup analysis will be performed to find out 
more specific indications for clinical decision making.

Patients who have been treated with HFNO will not 
be included in our studies since HFNO is distinctively 
different from oxygen therapy in terms of equipment, 
cost and tolerance. HFNO requires more advanced 
equipment, thus it is not as popularised as standard 
oxygen therapy especially in developing countries such 
as China. Besides, the effect of HFNO is different from 
traditional oxygen therapy. Maggiore et al’s study showed 
that HFNO results in fewer oxygen desaturations, lower 
reintubation rate and less discomfort compared with 
oxygen therapy after extubation.32 Also, in Frat et al’s 
RCT conducted among patients with acute hypoxaemic 
respiratory failure, HFNO resulted in reduced mortality 
compared with standard oxygen therapy or NIV.33 There-
fore, exclusion should be made so that HFNO would not 
become a confounding factor when we compare NIV with 
oxygen therapy.

HIV patients is a specific group and thus will be anal-
ysed in subgroup analysis. A systematic review conducted 
by our team showed that NIV had great advantage over 
invasive ventilation for HIV patients, and this advantage 
is less obvious among non-HIV patients.34 Furthermore, 
recent studies showed a higher mortality rate of Pneu-
mocystis pneumonia infection in non-HIV patients in 
comparison with HIV patients.35 Therefore, we propose 
a hypothesis that the effect of NIV is different between 
HIV and non-HIV patients, which will be examined by 
subgroup analysis in this meta-analysis.

The overall purpose of this study is to determine 
whether NIV is better than oxygen therapy as the initial 
oxygenation strategy in adult immunocompromised 
patients with acute hypoxaemic respiratory failure. We 
will also explore the patient selection strategy for the 
initial oxygenation strategy with respect to severity, cause 
of immunosuppression and cause of ARF. The finding 
of this meta-analysis could also provide guidance for 
the RCTs in the future to find out the characteristics of 
patients who might benefit from NIV.
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