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Abstract 

Background  Critical bleeding events in adults and children with ITP are medical emergencies; however, evi-
dence-based treatment protocols are lacking. Due to the severe thrombocytopenia, (typically platelet count 
less than 20 × 109/L), a critical bleed portends a high risk of death or disability. We plan to perform a systematic 
review and meta-analysis of treatments for critical bleeding in patients with ITP that will inform evidence-based 
recommendations.

Methods  Literature searches will be conducted in four electronic databases: Ovid MEDLINE, Embase, Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), and PubMed. Eligible studies will be randomized controlled trials or obser-
vational studies that enrolled patients with ITP describing one or more interventions for the management of critical 
bleeding. Title and abstract screening, full-text screening, data extraction, and risk of bias evaluation will be conducted 
independently and in duplicate using Covidence and Excel. Outcomes will be pooled for meta-analysis where appro-
priate or summarized descriptively. Grading of Recommendations Assessment, Development, and Evaluation (GRADE) 
methodology will be used to evaluate the certainty of the evidence. Primary outcomes of interest will include fre-
quency of critical bleeds, mortality and bleeding-related mortality, bleeding resolution, platelet count, and disability.

Discussion  Evidence-based treatments for critical bleeding in patients with ITP are needed to improve patient out-
comes and standardize care in the emergency setting.

Systematic review registration  CRD42020161206.
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Introduction
Rationale
Immune thrombocytopenia (ITP) is an autoimmune 
bleeding disorder characterized by platelet counts 
below 100 × 109/L in the absence of other causes [1, 2]. 
The disease affects both children and adults and has a 
female predominance [2, 3]. Although the majority of 
bleeding complications related to ITP are minor with 
no lasting effects, major bleeding episodes, especially in 
patients with severe thrombocytopenia (platelet counts 
below 20 × 109/L) can lead to significant morbidity 
and mortality [4]. Pooled estimates of the 5-year risk 
of death from bleeding in ITP are as high as 47.8% for 
patients > 60  years [5]. For children, the risk of severe 
bleeding is approximately 3% [6, 7]. Intracranial hemor-
rhage (ICH) is the most severe type of bleeding event in 
patients with ITP. The incidence of ICH is 1.1% ± 0.1% 
for adults and 0.7% ± 0.1% for children [8]. The case 
fatality rate of ICH in children is approximately 25% [8].

Critical bleeds are defined as (i) a bleed in a criti-
cal anatomical site including intracranial, intraspinal, 
intraocular, retroperitoneal, pericardial, or intramus-
cular with compartment syndrome; or (ii) an ongoing 
bleed that results in hemodynamic instability or res-
piratory compromise [9]. Critical bleeds require urgent 
multimodal treatment in the emergency department or 
the in-patient setting with the goal of rapidly raising 
platelet counts and achieving hemostasis [10]. Acute 
management of a critical bleed might include typically 
ITP treatments such as intravenous immune globulin 
(IVIG) and corticosteroids, plus additional treatments 
including platelet transfusions [10, 11], antifibrinolytic 
medications [12], recombinant factor VIIa [13], urgent 
splenectomy, and thrombopoietin (TPO) receptor ago-
nists, alone or in combination [1, 14–18].

Objectives
Evidence-based guidelines for the management of a 
critical bleed in patients with ITP are lacking. Broad 
ITP treatment guidelines from the American Soci-
ety of Hematology (ASH), published in 2019, did not 
address the management of critical bleeding [19]. We 
will conduct a systematic review and meta-analysis 
of treatments for adults and children, with the goal 
of informing the development of evidence-based 
guidelines.

Methods
The protocol for this systematic review was developed 
based on the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Protocols (PRISMA-P) 
(see Additional files for checklist) [18], and registered 

in PROSPERO (CRD42020161206). The systematic 
review will be reported in accordance with PRISMA 
guidelines.

Eligibility criteria
We will include clinical trials and observational studies 
that enrolled patients who have suspected or confirmed 
ITP and critical bleeding. Studies must include a descrip-
tion or evaluation of one or more interventions, alone or 
in combination, with or without a comparator. We will 
use the ISTH definition of critical bleeding: (i) a bleed in 
a critical anatomical site including intracranial, intraspi-
nal, intraocular, retroperitoneal, pericardial, or intramus-
cular with compartment syndrome; or (ii) an ongoing 
bleed that results in hemodynamic instability or res-
piratory compromise [9]. Given the recognized difficul-
ties in establishing the diagnosis of ITP among patients 
with thrombocytopenia, we anticipate a high case mix in 
primary ITP studies. For this systematic review, we will 
include studies that enrolled at least 80% of ITP patients, 
or studies that reported data separately for patients with 
ITP.

Information sources
With the aid of a medical librarian, searches will be 
conducted in four electronic databases from incep-
tion to 2023: Ovid MEDLINE, Embase, PubMed, and 
the Cochrane Central Register of Controlled Trials 
(CENTRAL).

Search strategy
A combination of keywords and medical subject head-
ing (MeSH) terms will be used: “Purpura, Throm-
bocytopenic, Idiopathic; Epidemiologic Studies, and 
Randomized Controlled Trial” (see Additional files for 
search strategies). No restrictions will be applied to lan-
guage and publication status. Citation lists of identified 
reviews and primary publications will be screened for 
additional studies.

Selection process
Reviewers will work independently and in pairs to con-
duct title and abstract screening and full-text reviews 
using pre-defined eligibility criteria and standardized 
forms. Disagreements will be resolved by a third reviewer.

Data collection process
Reviewers will conduct abstractions independently and in 
duplicate using standardized forms. Discrepancies will be 
resolved by consensus, with input from a third reviewer if 
needed. For missing data, reviewers will attempt to con-
tact study authors when possible.
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Data items
Any study data relevant to the research questions out-
lined above will be collected. The following study data 
will be abstracted from each study:

•	 Study citation and author contact details,
•	 Study design, duration, and setting,
•	 Country,
•	 Number of participants,
•	 Demographics (age, sex, comorbidities),
•	 ITP diagnoses of participants (primary, secondary, 

chronic, etc.),
•	 Intervention details (name, dose, frequency, etc.),
•	 Reported outcomes according to the outcomes 

of interest (outcome definitions, time-points col-
lected, unit of measurement, sample size, statistical 
significance testing); and

•	 Funding sources.

Outcomes and prioritization
Outcome assessments will be restricted to 7  days or 
the duration of hospitalization since the objective is 
to describe the acute management of critical bleeds. 
Along those lines, we focused this review on interven-
tions that typically have a rapid or immediate effect 
on increasing platelet counts or restoring hemosta-
sis, including corticosteroids, intravenous immuno-
globulin, anti-D immunoglobulin, platelet transfusion, 
tranexamic acid, TPO receptor agonists (romiplostim, 
eltrombopag, avatrombopag), recombinant factor VIIa, 
and urgent splenectomy. Outcomes of interest are 
mortality (all-cause and bleeding-related), resolution 
of bleeding, disability, platelet counts, platelet count 
responses (minimal, > 30 × 109/L; overall, > 50 × 109/L) 
[20], new onset of bleeding, duration of hospital stay, 
need for and duration of intensive care unit admission, 
and treatment-related adverse events.

Risk of bias in individual studies
Risk of bias will be assessed using a revision of the 
Cochrane Risk of Bias version 2.0 assessment tool for 
randomized trials [21], and the ROBINS-I for Risk of 
Bias Assessment for observational studies [22]. Risk of 
bias will be classified as ‘‘low’’, ‘‘some concerns-probably 
low’’, ‘some concerns-probably high’’, or ‘‘high’’ for the 
following domains: bias due to randomization, bias due 
to deviations from the intended intervention, bias due 
to missing outcome data, bias in the measurement of 
the outcome, bias in the selection of the reported result, 

and other biases [23]. We will rate the overall risk of 
bias as the highest risk attributed to any criterion.

Reviewers will conduct abstractions and risk of bias 
assessments independently and in duplicate using stand-
ardized forms. Discrepancies will be resolved by consen-
sus, with input from a third reviewer if needed.

Data synthesis and summary measures
We anticipate that there will be limited direct evidence 
available from published reports and significant het-
erogeneity between study types, patients, interventions 
evaluated, and outcomes which may preclude statistical 
meta-analysis. In that case, we will summarize study find-
ings descriptively and provide aggregate results per inter-
vention and outcome where appropriate. Specifically, we 
will describe the anatomical sites of bleeding, the inter-
ventions, and the outcomes for the participants. If meta-
analysis is feasible, we will present continuous outcomes 
as mean differences, dichotomous outcomes as risk ratios, 
and time-to-event data (as reported by the authors) as 
hazard ratios, all with 95% CIs. We will assume a normal 
distribution for continuous outcomes and will convert 
the median to mean and interquartile ranges to standard 
deviations (SD) as per guidance from the Cochrane Col-
laboration [24]. When feasible, we will combine RCTs 
and observational studies to perform quantitative analy-
ses and present results in single pooled estimates. We will 
also present results from RCTs and observational studies 
separately in subsequent subgroup analysis.

We will group the interventions according to the fol-
lowing criteria to explore which factors might affect the 
effectiveness of critical bleeding interventions:

•	 Interventions: corticosteroids, intravenous immuno-
globulin, anti-D immunoglobulin, platelet transfu-
sion, tranexamic acid, TPO receptor agonists (romi-
plostim, eltrombopag, avatrombopag), recombinant 
factor VIIa, and urgent splenectomy;

•	 Dosage and number of treatments;
•	 Duration of ITP diagnosis; and
•	 Age of patient population.

Statistical analysis and meta‑biases
Effect measures will be reported according to the out-
come per study. Due to the predicted limited number 
of eligible studies, descriptive statistics will be used to 
summarize treatment effects in each study by appropri-
ate subpopulation. Where a meta-analysis is possible, 
we will pool the results using DerSimonian–Laird ran-
dom-effects models to account for variation in effect size 
amongst studies. We will report pooled estimates with 
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95% CIs, with two-sided p-values for each meta-analyzed 
outcome. If a meta-analysis is performed, heterogeneity 
among included studies will be quantified using incon-
sistency index (I2) and p values from the chi-square test 
for homogeneity. The threshold for I2 value will be inter-
preted as follows: 0–40% represents minimal heterogene-
ity, 30–60% represents moderate heterogeneity, 50–90% 
represents substantial heterogeneity, and 75–100% rep-
resents considerable heterogeneity [25]. For homogene-
ous studies, we will present forest plots with or without 
pooled estimates. In the case of ≥ 10 studies included in 
the meta-analysis, we will assess publication bias using 
funnel plots [26]. Most of the ITP treatment trials are 
small-scale trials. When studies report missing data (loss 
to follow-up), we will conduct a complete case analysis as 
our primary analysis.

In addition to the meta-analyses, we will present a 
structured narrative synthesis, and results will be pre-
sented in structured tables and figures organized by 
treatment type. All analyses will be performed using R 
(version 4.2.3). We will use the MAGIC Authors Publish-
ing Platform (https://​app.​magic​app.​org) to generate the 
GRADE summary of the findings table.

Subgroup analysis and sensitivity analysis
We will perform subgroup analysis for risk of bias assess-
ment. Subgroup analyses will be performed when two or 
more studies are in a given subgroup. Since we antici-
pate that many studies will be at high risk of bias, we 
will conduct subgroup analyses based on the risk of bias 
judgements (high risk of bias versus low risk of bias) and 
consider that high risk of bias studies may exaggerate 
treatment effects. A subgroup analysis with RCTs and 
observational studies will also be completed. Regardless 
of the observed statistical heterogeneity, we will also con-
duct the following prespecified subgroup analyses when 
each subgroup was represented by at least two studies: 
age (children vs. adults), and type of ITP (newly diag-
nosed, persistent, and chronic). If we have the required 
number of studies to perform subgroup analysis, we will 
conduct tests of interaction to establish whether the sub-
groups differed significantly from each other [27]. We 
will perform univariate meta-regressions to assess the 
effects of the participant’s age and type of ITP (newly 
diagnosed, persistent, and chronic) on the intervention 
effects. Additionally, we will perform sensitivity analy-
sis using fixed-effects models to assess the differences in 
alternative methods.

Confidence in cumulative evidence
We will consider the overall certainty in evidence for each 
outcome using the GRADE framework, based on the fol-
lowing domains: risk of bias, imprecision, inconsistency, 

indirectness, and publication bias [23]. Overall certainty 
of evidence will be rated as very low, low, moderate, or 
high. Summary of findings tables will be used to outline 
the certainty of the body of evidence for each outcome. 
All decisions to downgrade the certainty of evidence will 
be included in the footnotes of the summary of findings 
tables. A summary of the evidence will also be presented. 
We will follow the GRADE framework to integrate ran-
domized and non-randomized studies using ROBINS-
I into the evidence tables [24]. We will consider rating 
down the certainty of evidence for risk of bias based on 
lack of blinding for subjective outcomes only.

We will make judgments of imprecision using a mini-
mally contextualized approach. We will consider any CI 
encompassing the null effect to be imprecise, with con-
sideration of important and trivial effect. Due to the rar-
ity of the disease and the small population of interest, 
there may be heterogeneity across the studies in terms of 
populations and/or treatments. There may be true differ-
ences in the underlying treatment effect due to this lim-
ited sample size and heterogeneity of the treatments. We 
will explore explanations for heterogeneity and down-
grade the certainty of evidence accordingly. If classifying 
patients into easily identifiable subpopulations is feasible, 
effect measures will be reported across subpopulations 
rather than downgrading the certainty of evidence for 
inconsistency in effect size. Two people with experience 
in using GRADE will rate the certainty of the evidence 
for each comparison separately and resolve discrepancies 
by consensus.

Discussion
This systematic review aims to identify effective treat-
ments for patients with ITP and critical bleeding. The 
outcomes of interest reflect clinical practice and relevant 
clinical outcomes including platelet count levels, mortal-
ity, disability, and hospital length of stay. The results of 
this systematic review will be used to inform evidence-
based guidelines for the management of ITP patients 
with critical bleeding.

This review has potential limitations. We anticipate 
that the primary studies included in this review will have 
heterogeneous designs, with critical bleed outcomes 
being reported mainly in case series or observational 
studies and having minimal reporting in randomized tri-
als. Since the definition of critical bleeds in ITP patients 
was recently standardized, studies that report bleeding 
according to this definition will not be available. There-
fore, comparing the various definitions of bleeding across 
studies may limit the interpretability of bleeding results. 
Lastly, the availability of randomized trials that evalu-
ate interventions during a critical bleed will be limited 
because of the urgent nature of the event.

https://app.magicapp.org
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The identification of optimal treatment and manage-
ment strategies for ITP bleeding emergencies will have 
immediate implications for patients and providers. This 
information will be used by hematologists and physicians 
in the emergency department when faced with this rare 
but life-threatening event.

Protocol amendments
Any amendments to this protocol in the carrying out of 
this systematic review will be documented and reported 
in both the PROSPERO register and any subsequent 
publications.

Dissemination plans
The findings of this systematic review will be dissemi-
nated through publication in peer-reviewed journals 
and via relevant conferences. In addition, the results will 
also be shared with potential stakeholders, including the 
Platelet Disorder Support Association and the Canadian 
Institutes for Health Research.
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