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Abstract
Background: Severe pneumonia (SP) is a life-threatening condition without speci�c treatment options.
Although there are many available treatment options for SP, most of the therapies have been associated
with mild or severe side effects. The purpose of this meta-analysis is to examine the e�cacy and safety
of Xuebijing injection (XBJ), a Chinese patent approved by the China Food and Drug Administration, for
treating patients with SP.

Methods: An electronic and manual search of published articles, ongoing trials, dissertations, and grey
literature will be performed. Electronic databases including Medline, Embase, the Cochrane Central
Register of Controlled Trials (CENTRAL), China National Knowledge Infrastructure (CNKI), China Science
and Technology Journal Database (VIP), Wanfang Data, SinoMed will be searched without language
restrictions from their inception to 01/10/2020. All randomized controlled trials where (a) XBJ is
compared with placebo or no treatment, (b) XBJ plus routine treatment is compared with routine
treatment, and (c) XBJ plus co-interventions are compared with co-interventions will be included. Severe
pneumonia-related mortality will be set as the primary outcome. Study inclusion, data extraction, and
quality assessment will be independently performed by two reviewers. Review Manager 5.3 is to be used
to perform the assessment of the risk of bias, data synthesis, and subgroup analysis. Grading of
Recommendations Assessment, Development, and Evaluation approach will be used to evaluate the
quality of the overall evidence. This protocol was performed in accordance with the Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols.

Discussion: This proposed systematic review and meta-analysis will identify and synthesise evidence to
clarify e�cacy and safety of XBJ for SP. The results will help provide the best available evidence to
decision-makers.

PROSPERO registration number: CRD42020181234

Background
Severe pneumonia (SP) is a serious complication of respiratory system diseases with high mortality
(30%-50%) and causes extremely large burden of disease around the world1. Commonly, SP develops
following community-acquired pneumonia (CAP), hospital-acquired pneumonia (HAP), and ventilator-
associated pneumonia (VAP) 1.

The complex pathological mechanisms of SP lead to several severe complications (acute respiratory
distress syndrome, system in�ammatory reaction syndrome, sepsis, coagulation dysfunction, and multi-
organ failure). Once in the body, pathogenic microorganisms can directly damage the structure and
function of the lung. These changes accelerate the production of large numbers of in�ammatory
mediators. When pro-in�ammatory and anti-in�ammatory reactions are out of balance, the "waterfall"
cascade of in�ammation will occur in serum2. Additionally, the in�ammatory mediators and pro-
in�ammatory cytokines activates the coagulation pathway, and then, the severe coagulopathy furtherly
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aggravates the in�ammatory injury in return. This vicious circle acts a crucial role in the pathogenesis
mechanism of SP, worsening the conditions and contributing to death3. Moreover, excessive stress
response of the body leads to the disruption of the balance of redox reaction, and then produce oxygen
free radicals, which induce oxidative damage to cells4. The in�ammatory overreaction induced the
immune dysfunction also affects the body's self-regulation5.

Over the last decade, great progress in antibiotic and life-supportive treatments has been made. Under
conventional anti-infection treatment and symptomatic support treatment, SP remains a leading cause of
admission and death in ICU due to its complexity6. Some researchers resort to traditional Chinese
medicine due to conventional therapies did not signi�cantly improve the survival rate after SP. Xuebijing
injection (XBJ), a Chinese patent, was approved by the China Food and Drug Administration for the
treatment of sepsis in critically ill patients,7 and it has been identi�ed as a promising treatment approach
for SP. XBJ was modi�ed from Xuefu Zhuyu Decoction, a classic prescription created in the Qing dynasty.
XBJ can promote blood circulation and remove blood stasis, as well as mediate fever attenuation and
detoxi�cation. This compound injection is composed of �ve Chinese herbs. As the sovereign drug,
honghua (sa�ower) can activate blood and remove stasis; chishao (red peony root) and chuanxiong
(ligusticum wallichii) are drugs that can magnify the effects of the sovereign drug, cool blood, remove
stasis, move qi and that have a detoxifying effect; danshen (salvia miltiorrhiza) and danggui (angelica
sinensis) act as supporters that enrich blood and remove stasis.

In long-term clinical practice, XBJ has been successfully used to improve SP8–10. Moreover, preclinical
studies have shown that XBJ might exert therapeutic effects by multiple mechanisms. XBJ has a positive
role in preventing cytokine storm, controlling in�ammation, regulating immunity, and improving multiple
metabolic pathways11–13. In clinical studies, XBJ can relieve symptoms, increase the clinical cure rate,
and decrease 28-day mortality9. It also shows anti-bacterial and anti-endotoxin effect14. Furthermore, it
can also alleviate excessive in�ammatory response, ameliorate coagulopathy15, improve
microcirculation16, modulate immune function17, and protect organ function18. These �ndings indicate
that XBJ has many advantages over other treatments in the treatment of SP by multi-target and multi-
pathway.

Although previous randomized controlled trials (RCTs) reported that XBJ could be used to treat SP
effectively, samples used in these RCTs were too limited to determine the robustness of the �ndings. Over
the past 5 years, both the number and quality of clinical trials using XBJ to treat SP have improved
considerably. Emerging evidence from some RCTs suggested that XBJ may be effective in treating SP by
not increasing mortality and incidence of side effects, as well as by improving clinical symptoms and
reinforcing the effectiveness of antibiotics19,20. And a multi-center, large-scale clinical trial evaluated the
e�cacy of XBJ versus placebo in treating SCAP, demonstrating XBJ to be effective and safe for SP9. Yet,
the safety of XBJ remains controversial. Results of different real-world studies indicated the common
adverse drug reactions include skin pruritus, erythra, and chest tightness, which were associated with
vehicle type, dose, and drug combinations21 22. Besides, it is crucial to evaluate the speci�cs of XBJ for
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SP, which include the optimal dose, the right time to start treatment and the duration of treatment. What is
noteworthy is that despite more than 100 clinical trials have been reported in the recent 5 years, XBJ as a
therapeutic drug for SP remains in dispute. Furthermore, the mortality rate, severity of pneumonia and the
impairment of multiple organs are vital clinical e�cacy indicators of SP. Nevertheless, previous
systematic review and meta-analysis neither demonstrated convincing data on mortality decrease nor
reported analysis on improvements in pneumonia severity or multi-organ impairment23–25. Considering
that some RCTs, assessed mortality and organ function9,19,26, it is necessary to update the systematic
review and meta-analysis to obtain up-to-date evidence. Under these urgent circumstances, we plan to
speci�cally investigate the e�cacy and safety of XBJ in the treatment of SP. Furthermore, this study will
try to obtain conclusive evidence in support of XBJ as a proper choice for patients with SP.

Objective
The aim of this systematic review and meta-analysis is to systematically analyze all the RCTs so as to
evaluate the e�cacy and safety of XBJ for SP, providing the best available evidence.

Methods/design
Protocol and registration

This protocol of systematic review and meta-analysis will be conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis Protocols (PRISMA-P) guidelines27. See (Appendix 1)
for the completed PRISMA-P checklist.

This protocol is registered in the International Prospective Register of Systematic Reviews (PROSPERO)
system and can be accessed at https://www.crd.york.ac.uk/PROSPERO/display_record.php?
RecordID=181234.

Eligibility criteria

1. Type of studies to be included

All relevant RCTs with or without blinding will be included. The quasi-RCTs, non-RCTs, cross-over study,
and uncontrolled clinical trials will be excluded. There will be no language restrictions.

2. Types of participants

Adult participants diagnosed as SP according to the Infectious Diseases Society of America/American
Thoracic Society guidelines will be inclduded28. There will be no limitation on age, gender, education,
ethnicity, and economic status. Patients with serious complications will be excluded.

3. Types of interventions
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On the basis of conventional treatment, the treatment intervention will be XBJ. The control intervention
will be based on a placebo or no intervention. Additionally, trials that evaluate XBJ plus another therapy
compared with the other therapy alone will also be included.

4. Types of outcome measures

(1) Primary outcomes

Severe pneumonia-related mortality.

(2) Secondary outcomes

The secondary outcomes will include (a) proportion of total e�ciency rate including cure rate, obvious
effective rate, and effective rate; (b) improvement in acute physiology and chronic health evaluation II; (c)
improvement of pneumonia severity assessed by clinical scales including clinical pulmonary infection
score or pneumonia severity index; (d) course of antibiotic use; (e) total duration of ICU stays and
hospitalization.

(3) Safety outcomes

Adverse effects of XBJ include aphylactic reaction, impairment of liver and kidney function, nausea, and
skin irritation.

Search strategy

We will search for the following databases from their inception until 1 October 2020: MEDLINE, EMBASE,
CENTRAL, and the following Chinese databases and sources: CNKI, VIP, SinoMed, Wanfang Data.
Additionally, we will search for dissertations, clinical trial registers, and grey literature. The following
registers for ongoing or unpublished trials will be searched: World Health Organization International
Clinical Trials Registry Platform (www.who.int/ictrp), ClinicalTrials.gov (www.clinicaltrials.gov/), and the
Chinese Clinical Trial Registry (ChiCTR). The search strategy for Medline will be provided (Appendix 2).
We will use the equivalent search words in the Chinese databases as well.

Screening and selection

According to the inclusion criteria, two review authors (MNZ, LDF) will independently screen the titles and
abstracts of all searched studies and exclude reports that are obviously irrelevant. They will retrieve full-
text articles to identify studies for inclusion and record reasons for the exclusion of ineligible studies.
Disagreements will be resolved through discussion or by consulting a third author (QQL). The study
selection procedure is shown in Figure 1.

Data extraction
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Two review authors (SWZ, PJ) will independently extract data and details from included studies using a
preformulated data collection form. Extracted data will be compared by two review authors for
completeness and accuracy and double-checked by another review author (PH) if necessary.
Disagreements will be solved through discussion with QQL. The data extraction form will include the
methods of the study, patients, interventions, duration, and relevant outcomes. If one or more included
studies contain missing or unclear information, the authors will be contacted directly.

Assessment of risk of bias in included studies

The methodological quality of the eligible studies will be independently conducted by two reviewers
(MNZ, LDF) for each study using the criteria outlined in the Cochrane Handbook for Systematic Reviews
of Interventions. Any disagreements will be solved by involving another review author (QQL). Risk of bias
will be assessed according to the following domains: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete
outcome data, selective outcome reporting, and other bias.

We will grade the risk of bias for each domain as high, low, or unclear, and provide information from the
study report, together with a justi�cation for our judgment, in the 'risk of bias' tables.

Data synthesis and management

1. Measures of treatment effect

For continuous data, we will use the mean difference to measure the treatment effect, with a 95%
con�dence interval (CI). Standardized mean difference with 95% CI will be used for when different scales
were used to measure a certain outcome variable. For dichotomous data, we will use the risk ratio with
95% CI to measure treatment effects.

2. Dealing with missing data

For each included study, missing data and information will be gathered by contacting the study author
directly. If the missing data are unavailable, we will perform intention-to-treat and sensitivity analyses to
address the potential impact of missing data. If necessary, the potential impact will be described in the
‘Discussion’ section.

3. Assessment of heterogeneity and data synthesis

Whether a �xed-effect model or a random-effect model will be used depends on the results of the I² test
for heterogeneity among the trials in each analysis. A meta-analysis will be conducted if the I² less than
75% among the included trials. However, a �xed-effect model will be applied to synthesize the data when
the I² value is less than 25%. The sources of heterogeneity will be estimated by sensitive analysis or
subgroup analysis when I² is between 25% and 75%. If the statistical heterogeneity is successfully
explained (i.e., I² <25%), the �xed-effect model will be used to synthesize the data. Otherwise, we will use
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the random-effect model. If there is considerable heterogeneity (i.e., I² 75%), meta-analysis will not be
performed but a systematic narrative synthesis will be conducted. All statistical analyses will be
performed using Review Manager V.5.3 software.

4. Analysis of subgroups or subsets

Subgroup analyses will be conducted to determine the effects of various dosages, various courses of
treatment, and various drug combinations if the data are available.

5. Assessment of reporting biases

If ten or more trials are included, we will use funnel plots to assess the presence of publication bias.

Con�dence in cumulative evidence

On the basis of the Grading of Recommendations Assessment, Development, and Evaluation system29,
the strength of evidence in this review will be categorized as high, moderate, low, or very low by the
GRADEpro software.

Patient and public involvement

Not applicable. This protocol of systematic review and meta-analysis does not directly involve patients
and the general public. Data will be collected from published articles retrieved from main databases and
manual search.

Discussion
Early adequate antimicrobial therapy is crucial for SP management30. Besides, anti-in�ammatory,
anticoagulant, modulating immune states, and other supportive treatments may improve the prognosis of
patients with SP. However, inaccurate antibiotic therapy may increase antibiotic resistance, and produce
nephrotoxicity and hepatotoxicity. Moreover, the anti-in�ammatory properties of glucocorticoids can be
used to treat SP31; yet, this type of treatment is associated with some serious side effects. Antibiotics or
other medicines used alone are not ideal due to the complexity of SP. Therefore, the optimal strategy has
not yet been established.

XBJ is reported to have a positive treatment effect on serious lung infections, including SCAP and
sepsis7, which suggests that XBJ may also be used to treat SP. Yet, the XBJ-associated side effects
remain debatable. E.g., a few studies have suggested that XBJ is a safe treatment approach without
serious adverse events24,32, while others have reported opposite results33,34. The purpose of this meta-
analysis is to provide a relatively convincing conclusion of whether XBJ is effective for patients with SP.

The protocol of this review has some potential limitations. Various doses, time points, and duration of
XBJ treatment for SP in clinical trials may lead to heterogeneity. For this reason, we plan to perform
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subgroup analyses if data are available. Finally, we will explain the results with caution as well as assess
the overall evidence by a critical approach. Conclusions drawn from this review may help update the
existing evidence on the bene�ts and harms of XBJ treatment for SP, thereby bene�ting SP patients,
clinicians, and policy makers.

Abbreviations
CAP
community-acquired pneumonia, CENTRAL = Cochrane Central Register of Controlled Trials, CNKI = China
National Knowledge Infrastructure, CI = con�dence interval, HAP = hospital-acquired pneumonia, RCTs = 
randomized controlled trials, SP = severe pneumonia, VAP = ventilator-associated pneumonia, VIP = China
Science and Technology Journal Database, XBJ = xuebijing injection.
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Figures

Figure 1

Flow diagram of the study selection process. SP, severe pneumonia.
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