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ABSTRACT 

Background: Epistaxis is the most frequent and clinically burdensome manifestation of hereditary hemorrhagic telangiectasia 

(HHT), yet pharmacological trials vary considerably in intervention class, route of administration, study design, and outcome 

definition. Objective: To evaluate the efficacy and safety of pharmacological treatments for HHT-related epistaxis and to integrate 

pooled treatment effects with complementary randomized evidence across the evolving therapeutic landscape. Methods: This 

systematic review was registered in PROSPERO (CRD420251013449) and reported in accordance with PRISMA 2020. PubMed, 

Scopus, and Web of Science were searched from inception to February 2025. Meta-analysis was performed in RevMan 5.4.1 using 

random-effects models, mean differences (MDs) for continuous outcomes, risk ratios (RRs) for binary outcomes, and I² to quantify 

heterogeneity. Risk of bias was assessed using the Cochrane RoB 1 tool, and certainty of evidence was evaluated using GRADE. 

Quantitative estimates were derived from the predefined meta-analytic dataset, while additional eligible randomized trials were 

synthesized narratively when they were not incorporated into the pooled analyses. Results: The quantitative synthesis comprised 

12 comparative studies, including one retrospective comparative study. Bevacizumab did not significantly reduce epistaxis 

frequency (MD −0.30, 95% CI −5.17 to 4.58) or duration (MD −26.87 min/month, 95% CI −112.32 to 58.58), and no significant 

improvement was observed in hemoglobin concentration (MD 0.37, 95% CI −0.86 to 1.60) or overall adverse-event risk (RR 1.00, 

95% CI 0.85 to 1.19). A small but statistically significant reduction in Epistaxis Severity Score (ESS) favored bevacizumab (MD 

−0.22, 95% CI −0.38 to −0.05; I²=14%). Tranexamic acid showed no significant pooled effects on epistaxis frequency, duration, or 

hemoglobin concentration, with considerable heterogeneity in the primary analyses (I²=92%–94%). Timolol showed no significant 

pooled differences in adverse events or hemoglobin concentration, while estrogen/estriol did not significantly reduce epistaxis 

frequency. GRADE certainty ranged from moderate to very low across outcomes. Complementary randomized evidence expanded 

the therapeutic profile: topical propranolol produced a significant ESS benefit in a small randomized trial; pomalidomide reduced 

ESS by 0.94 points versus placebo at 24 weeks in PATH-HHT; and nintedanib did not meet its primary responder endpoint in 

EPICURE, although favorable secondary changes were observed in epistaxis duration and hemoglobin concentration. Conclusions: 

The pooled evidence demonstrates limited and inconsistent benefit for several established pharmacological interventions, with 

the clearest quantitative signal being a small reduction in ESS with bevacizumab. The broader randomized evidence indicates that 

clinically meaningful pharmacological benefit is achievable with selected therapies, particularly pomalidomide, while treatment 

effects vary according to drug mechanism, route of administration, disease severity, and outcome definition. Management of HHT-

related epistaxis should therefore remain individualized, integrating bleeding burden, therapeutic mechanism, safety profile, route 

of administration, and certainty of evidence. Keywords: hereditary hemorrhagic telangiectasia; epistaxis; bevacizumab; tranexamic 

acid; timolol; pomalidomide; meta-analysis; systematic review 

INTRODUCTION 

Hereditary hemorrhagic telangiectasia (HHT), also known as Rendu–Osler–Weber disease, is an 

autosomal dominant vascular disorder characterized by mucocutaneous telangiectasias and visceral 

arteriovenous malformations (AVMs) resulting from abnormal vascular development and maintenance 

(1-3). The disorder has an estimated prevalence of approximately 1 in 5,000 individuals, although 
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underdiagnosis is common because manifestations are age dependent, clinical severity is highly variable, 

and affected individuals may remain unrecognized until recurrent bleeding or complications from 

visceral AVMs become clinically apparent (1-3). HHT is therefore not confined to mucosal bleeding but 

represents a multisystem vasculopathy in which vascular malformations may involve the nasal and 

gastrointestinal mucosa, lungs, liver, brain and spinal circulation, with complications arising from either 

hemorrhage or abnormal vascular shunting (1-3). 

The molecular basis of HHT is closely linked to dysregulation of endothelial signalling pathways 

responsible for angiogenesis and vascular maturation. Pathogenic variants in ENG, which encodes 

endoglin, and ACVRL1, which encodes activin receptor-like kinase 1, account for the majority of 

genetically confirmed cases, while variants involving SMAD4 and less frequently other genes contribute 

to additional HHT phenotypes (2,3). ENG, ACVRL1 and SMAD4 participate in transforming growth 

factor-β/bone morphogenetic protein signalling in vascular endothelial cells, and loss of normal 

signalling contributes to impaired vascular stabilization, abnormal endothelial responses and formation 

of structurally fragile telangiectasias and AVMs (2,3). Experimental and translational evidence also 

implicates dysregulated angiogenic signalling, including altered vascular endothelial growth factor 

activity, in the persistence and remodeling of these abnormal vessels, thereby providing a biological 

rationale for antiangiogenic treatment strategies in HHT (4). 

Epistaxis is the most common and characteristic manifestation of HHT, affecting more than 90% of 

patients during their lifetime and frequently beginning during childhood or adolescence (1,3,5). The 

severity of epistaxis varies considerably between individuals: some experience brief and infrequent 

bleeding, whereas others develop recurrent and prolonged episodes resulting in substantial cumulative 

blood loss (5,6). Nasal telangiectasias are particularly susceptible to mechanical disruption because of 

their fragile architecture and superficial location within the nasal mucosa, and repeated bleeding may 

become progressively more clinically consequential as patients age (3-5). Consequently, epistaxis 

frequently becomes the dominant symptomatic problem in HHT and a major determinant of treatment 

requirements, healthcare utilization and patient-reported disease burden (1,5,6). 

Chronic blood loss from recurrent epistaxis, often compounded by gastrointestinal telangiectatic 

bleeding, is an important cause of iron deficiency and anaemia in HHT (1,7). In a large multicentre 

HHT cohort, approximately half of evaluable patients reported a history of anaemia, and both epistaxis 

and gastrointestinal bleeding were associated with its occurrence; more severely affected patients may 

require repeated intravenous iron supplementation or red-cell transfusion (7). Anaemia and iron 

deficiency may in turn contribute to fatigue, reduced exercise tolerance, impaired concentration and 

diminished functional capacity, magnifying the clinical consequences of otherwise intermittent bleeding 

(1,7). These findings reinforce the importance of evaluating pharmacological therapies not only in 

relation to the number or duration of nosebleeds, but also with respect to haemoglobin concentration, 

iron requirements, transfusion burden and broader patient functioning. 

The burden of HHT-related epistaxis is also strongly reflected in health-related quality of life. Studies 

using both generic and disease-specific instruments have shown that recurrent epistaxis interferes with 

social functioning, vitality, emotional well-being, sleep, daily activity and occupational participation (8-

10). Pasculli et al. demonstrated that the frequency of epistaxis was independently associated with 

impairment across several quality-of-life domains, while subsequent studies confirmed that increasing 

epistaxis severity correlates with poorer patient-reported health status (8,9). Epistaxis-specific quality-of-

life instruments have further shown that both bleeding frequency and duration are associated with worse 

patient experience, supporting the view that treatment outcomes should extend beyond binary 

assessments of bleeding cessation (10). 

The need for reproducible outcome assessment led to development of the Epistaxis Severity Score (ESS), 

a standardized patient-reported instrument specifically designed for HHT-related epistaxis (11). The ESS 

incorporates several clinically relevant dimensions of bleeding, including frequency, duration, intensity, 
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anaemia and treatment requirements, and has subsequently become one of the most widely used 

endpoints in HHT clinical trials (11-13). Subsequent validation work has demonstrated strong test–retest 

reliability and meaningful relationships between ESS, haemoglobin, ferritin and other measures of 

clinical burden, although the score captures several related dimensions of epistaxis rather than a single 

homogeneous construct (12,13). Other instruments, including the NOSE-HHT questionnaire and 

detailed bleeding diaries, have also been developed to capture functional, physical and emotional 

consequences of HHT-associated epistaxis (14). The increasing use of standardized outcomes has 

improved clinical-trial interpretability but has also highlighted substantial heterogeneity between older 

and newer studies. 

Management of HHT-related epistaxis is generally stepwise and must be individualized according to 

bleeding severity, anaemia, previous treatment response, comorbidity and patient preference (1). 

International HHT guidelines recommend nasal humidification and moisturizing topical therapies as 

initial measures, followed by pharmacological or procedural interventions when bleeding remains 

clinically significant (1). Oral tranexamic acid may be considered in patients with persistent epistaxis, 

while ablative procedures such as laser treatment, electrosurgery or sclerotherapy may be employed for 

more substantial local disease; systemic antiangiogenic therapy and more invasive surgical strategies 

may be considered in selected patients with refractory or severe bleeding (1). The persistence of multiple 

therapeutic options rather than a universally effective standard treatment reflects the marked 

heterogeneity of HHT-associated epistaxis and the incomplete comparative evidence supporting 

individual interventions (1,15). 

Pharmacological treatment has attracted particular interest because it offers the potential to reduce 

bleeding without repeated destructive or invasive nasal procedures. The therapeutic approaches 

investigated in HHT encompass several mechanistically distinct classes, including antifibrinolytic 

agents such as tranexamic acid, antiangiogenic agents such as bevacizumab, β-adrenergic antagonists 

including timolol and propranolol, hormonal and selective estrogen-receptor therapies, 

immunomodulatory agents such as tacrolimus, tetracycline derivatives such as doxycycline, and more 

recently systemic agents targeting pathological vascular remodelling and angiogenic signalling (15-17). 

Antiangiogenic therapy has been of particular interest because dysregulated angiogenesis is central to 

HHT pathophysiology and because reduction or stabilization of telangiectatic vascular lesions may 

provide a disease-modifying approach rather than transient local hemostasis alone (4,16). 

However, randomized evidence for many of these treatments has historically been inconsistent. Trials of 

tranexamic acid demonstrated variable effects depending on formulation, route and outcome definition; 

Gaillard et al. reported a reduction in cumulative epistaxis duration with oral tranexamic acid in a 

randomized crossover design, whereas the multicentre North American trial of topical intranasal 

tranexamic acid did not demonstrate significant superiority over saline for weekly epistaxis frequency 

(18,19). Similarly, randomized studies of intranasal bevacizumab have not consistently demonstrated 

significant improvements over placebo despite promising biological rationale and observational 

experience (19-21). A systematic review focused specifically on intranasal bevacizumab concluded that 

available randomized and nonrandomized evidence did not establish a consistent benefit for local 

bevacizumab across epistaxis duration, frequency, severity or quality of life (21). 

β-adrenergic blockade has also been investigated as an alternative antiangiogenic and vasoactive 

strategy. A randomized placebo-controlled trial of topical propranolol demonstrated a significantly 

greater reduction in ESS than placebo, while randomized trials of intranasal timolol have produced more 

modest and less consistent effects, with some improvement in patient-reported outcomes but substantial 

imprecision because of small sample sizes (22-24). Likewise, trials of estrogenic or anti-estrogenic 

therapies, tacrolimus and doxycycline have produced heterogeneous results across epistaxis frequency, 

bleeding duration, ESS and hematologic outcomes (15,25). The diversity of therapeutic mechanisms is 

therefore paralleled by substantial diversity in trial design and endpoint selection. 
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The first quantitative attempts to synthesize this evidence emphasized these limitations. Hsu et al. 

identified eight randomized studies evaluating medical treatments for HHT-related epistaxis and found 

no consistent pooled benefit of bevacizumab, tranexamic acid or estrogen for several major outcomes, 

although tamoxifen and submucosal bevacizumab showed signals of benefit in selected analyses (26). 

The authors also found no clear pooled improvement in haemoglobin concentration or quality of life, 

underscoring the limited and heterogeneous nature of the available randomized evidence at that time 

(26). Earlier evidence-based and pharmacological reviews similarly emphasized small study samples, 

inconsistent outcome definitions, variation in drug formulation and route of administration, and 

frequent dependence on nonrandomized evidence (15,17). 

The evidence base subsequently expanded substantially. A 2023 systematic review and network meta-

analysis identified 21 randomized controlled trials evaluating HHT-related epistaxis treatments, of 

which 15 trials involving 697 participants and seven pharmacological interventions were included in 

quantitative synthesis (27). In that analysis, propranolol demonstrated the largest estimated 

improvement in ESS compared with placebo, followed by timolol, while tranexamic acid was associated 

with a reduction in epistaxis frequency; other treatments produced less consistent comparative effects 

(27). Importantly, six additional randomized studies could not be incorporated quantitatively and were 

instead evaluated qualitatively, illustrating that the existence of multiple randomized trials does not 

necessarily imply statistical comparability when intervention routes, study designs and outcome 

constructs differ substantially (27). 

The therapeutic landscape has continued to evolve with larger and more methodologically rigorous 

systemic-treatment trials. The PATH-HHT randomized placebo-controlled trial enrolled 144 participants 

and demonstrated that pomalidomide produced a statistically significant and clinically relevant 

improvement in ESS at 24 weeks together with improvement in HHT-specific quality of life (28). This 

trial is particularly important because it represents one of the largest randomized studies of systemic 

pharmacological treatment in HHT and provides evidence that pharmacological benefit may extend 

beyond the older topical and local treatment paradigms (28). Similarly, the EPICURE multicentre 

randomized double-blind trial evaluated oral nintedanib in 60 patients with moderate-to-severe HHT-

related epistaxis. Although the prespecified primary responder endpoint was not statistically significant, 

nintedanib was associated with greater reductions in epistaxis duration and improvements in 

haemoglobin concentration in secondary analyses, illustrating the importance of differentiating primary 

efficacy outcomes from supportive secondary findings (29). 

Collectively, the literature demonstrates that HHT-related epistaxis is supported by an expanding but 

methodologically heterogeneous randomized evidence base. Differences in study design—including 

parallel versus crossover trials—are accompanied by variations in route of administration, dose, duration 

of treatment, comparator, baseline bleeding severity, follow-up period and outcome measurement (18-

29). Some studies report raw episode counts, others cumulative bleeding duration or model-based rates, 

while contemporary trials increasingly use ESS, clinically meaningful responder thresholds, 

hematologic support requirements and disease-specific quality-of-life measures (11-14,18-29). These 

differences complicate direct pooling and may explain why apparently similar interventions have 

produced discordant results across conventional meta-analyses, network meta-analyses and individual 

randomized trials (26,27). 

A further methodological consideration is that statistical synthesis should not obscure the distinction 

between evidence that is quantitatively compatible and evidence that remains clinically informative but 

cannot validly be combined. This is particularly relevant in HHT because several important trials use 

crossover designs, multi-arm placebo comparisons, shared procedural co-interventions or non-normally 

distributed epistaxis outcomes, while newer systemic-treatment trials frequently report adjusted 

treatment effects and responder analyses rather than simple post-treatment means (18,19,22-24,28,29). 

Interpretation of the evidence therefore requires attention not only to whether an intervention produced 
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a statistically significant result, but also to study architecture, outcome definition, precision of effect 

estimates, certainty of evidence and the clinical relevance of observed treatment differences (26-29). 

Against this background, the present systematic review evaluates the efficacy and safety of 

pharmacological treatments for HHT-related epistaxis, with particular attention to epistaxis frequency, 

cumulative bleeding duration, ESS, haemoglobin concentration and treatment-related adverse events. 

The manuscript retains the quantitative meta-analytic synthesis for the comparative dataset from which 

the existing pooled estimates and figures were generated, while incorporating additional randomized 

evidence identified into an expanded narrative evidence update. Accordingly, the pooled estimates are 

interpreted as representing the  

quantitative subset, rather than the totality of contemporary randomized evidence. This distinction 

permits the analyses to be presented transparently while placing their findings within the substantially 

broader therapeutic evidence now available (26-29). 

The objective of this review is therefore to critically synthesize the efficacy and safety of pharmacological 

interventions for HHT-related epistaxis, to characterize the magnitude and consistency of effects across 

clinically relevant outcomes, and to contextualize the pooled findings within the evolving randomized 

evidence base. Particular emphasis is placed on distinguishing statistically significant effects from 

clinically meaningful changes, identifying sources of heterogeneity between trials, and evaluating how 

differences in intervention class, route of administration, trial design and outcome measurement 

influence interpretation of the available evidence (1,15,26-29). 

MATERIALS AND METHODS 

Study Design and Reporting Framework 

This study was conducted as a systematic review with meta-analysis and an updated contextual synthesis 

of randomized evidence evaluating pharmacological treatment of epistaxis in patients with hereditary 

hemorrhagic telangiectasia (HHT). The conduct and reporting of the review were structured according 

to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement, 

which provides contemporary guidance for transparent reporting of study identification, selection, 

appraisal and synthesis in systematic reviews (30). Reporting of the literature-search process was 

additionally informed by the PRISMA-S extension, which emphasizes reproducible reporting of 

information sources, complete search strategies, search dates, supplementary searches and management 

of retrieved records (31). 

The review was registered in the International Prospective Register of Systematic Reviews (PROSPERO; 

registration number CRD420251013449). The principal review question concerned the efficacy and 

safety of pharmacological interventions for HHT-associated epistaxis. The pooled estimates were 

preserved rather than retrospectively recalculated while incorporating additional contextual evidence. 

To ensure transparent interpretation, the review distinguishes between two evidence components: the 

quantitative synthesis, represented by the existing meta-analytic figures and pooled estimates, and an 

updated contextual evidence synthesis, comprising additional randomized evidence identified during 

the supplementary evidence update. This distinction prevents studies identified subsequently from being 

represented inaccurately as contributors to pooled analyses in which they were not included. 

Contemporary systematic-review methodology emphasizes transparent documentation of analytical 

decisions and separation of analyses from subsequent evidence updates when quantitative 

reconstruction is not undertaken (30,32). 

Review Question and Eligibility Framework 

The review question was structured according to a Population–Intervention–Comparator–Outcome 

framework. The population comprised patients diagnosed with HHT who experienced recurrent 
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epistaxis. HHT was principally defined according to the Curaçao diagnostic criteria, comprising 

spontaneous and recurrent epistaxis, multiple mucocutaneous telangiectasias at characteristic sites, 

visceral vascular lesions and a first-degree family history of HHT. A definite clinical diagnosis is 

supported by the presence of at least three of these four criteria (33). Molecular confirmation of HHT 

was also considered acceptable when explicitly reported by the primary study, particularly in more recent 

randomized trials. 

Eligible interventions comprised pharmacological therapies administered with the objective of reducing 

HHT-associated epistaxis, improving bleeding-related clinical outcomes or reducing hematological 

consequences of recurrent bleeding. Relevant pharmacological classes included antiangiogenic 

therapies such as bevacizumab, antifibrinolytic treatment with tranexamic acid, β-adrenergic antagonists 

such as timolol and propranolol, estrogenic or anti-estrogenic therapies, and other pharmacological 

interventions directed toward hemostasis, vascular stability or abnormal angiogenic signaling. 

Contemporary HHT guidelines recognize pharmacological therapy as an important component of 

escalating treatment for persistent or clinically significant epistaxis (1). 

Acceptable comparators included placebo, saline, vehicle, usual care or an appropriate active comparator. 

Trials in which an identical procedural co-intervention was administered to both randomized groups 

were considered pharmacologically informative when the randomized difference between groups was 

the drug intervention itself. In contrast, studies in which surgery, laser ablation or another procedure 

constituted the principal randomized treatment and no independent pharmacological effect could be 

isolated were outside the principal pharmacological review question. 

The principal outcomes were prespecified as epistaxis duration, epistaxis frequency, mean hemoglobin 

concentration, Epistaxis Severity Score (ESS), and adverse events. These outcomes were retained because 

they represented the endpoints incorporated into the quantitative synthesis and together capture 

bleeding burden, disease severity, hematological consequences and treatment safety. 

The ESS was considered separately from simple bleeding frequency and duration because it is a 

multidimensional HHT-specific patient-reported measure rather than a simple event count. Its 

development and subsequent use in HHT therapeutic research were described in the Introduction under 

reference (11); accordingly, that citation number is reused rather than reassigned. 

Inclusion and Exclusion Criteria 

The principal quantitative eligibility framework was directed toward randomized controlled trials or 

randomized comparative trials investigating pharmacological treatment of HHT-associated epistaxis. 

Studies were eligible when they: enrolled participants with clinically or genetically confirmed HHT; 

evaluated an eligible pharmacological intervention against placebo, saline, vehicle or another 

appropriate control; reported at least one prespecified outcome; and provided sufficient information for 

extraction or derivation of comparative outcome data. 

Studies were excluded from the randomized evidence framework when they were case reports, case 

series, uncontrolled cohorts, retrospective observational studies without random allocation, studies 

involving non-HHT epistaxis, purely procedural or surgical studies without an isolatable 

pharmacological contrast, duplicate reports without additional relevant data, or reports from which 

treatment outcomes could not be adequately determined. 

The review included only English-language publications and imposed no lower publication-date 

restriction. The language restriction has been retained transparently in the Methods. 

A specific methodological inconsistency identified is concerned Simonds et al., which had entered the 

quantitative dataset but was subsequently confirmed to be a retrospective comparative study rather than 

an RCT (34). The study evaluated submucosal bevacizumab combined with potassium titanyl phosphate 



JHWCR | 2026;4(4) | ISSN 3007-0570 | © 2026 The Authors | CC BY 4.0 | Page 7 

laser treatment against historical laser-treated controls. Because the existing forest plots and quantitative 

outputs could not be regenerated, the study remains visible in the legacy quantitative figures where it 

appeared. 

Information Sources and Literature Search 

The systematic search was conducted independently by two reviewers using PubMed, Scopus and Web 

of Science. The search documentation and PRISMA flow diagram identify these three databases; 

consequently. The search combined HHT terminology with treatment-related concepts. The recorded 

principal search expression was based on: 

“Hereditary Hemorrhagic Telangiectasia” AND (“Treatment” OR “drugs”) 

Searches were conducted from database inception through February 2025, with no lower date restriction. 

Reference lists of potentially relevant primary studies, systematic reviews and meta-analyses were 

additionally examined to identify eligible studies not retrieved electronically. Supplementary reference 

searching is recommended as an adjunct to database searching because indexing and terminology may 

differ across databases, publication eras and uncommon clinical conditions (31,32). 

The manuscript reports search strategy transparently, however, because PRISMA-S recommends 

complete database-specific and reproducible search reporting, the limitations of the relatively simple 

query are acknowledged (31). Either place the search strategy in the supplement or state factually that 

it is provided there 

The search identified 2,240 records, comprising 2,220 from PubMed, 18 from Scopus and 2 from Web of 

Science. After removal of duplicates, 1,850 records underwent title and abstract screening. A total of 48 

reports progressed to full-text assessment, and 12 comparative studies entered the quantitative synthesis. 

These counts correspond to the existing PRISMA figure and therefore describe the historical search and 

selection process, not the later contextual evidence audit. 

Because additional eligible randomized studies were identified during the supplementary evidence 

update, the PRISMA flow should not be interpreted as representing a newly rerun February 2025 search. 

Instead, the figure documents how the quantitative dataset was assembled. 

Evidence Audit and Contextual Evidence Update 

A structured evidence audit was undertaken to determine whether the quantitative subset represented 

the broader randomized pharmacological evidence available within the stated February 2025 evidence 

window. This audit did not replace or rerun the systematic search and did not alter the numerical meta-

analysis. The study list was cross-checked against previous high-level evidence syntheses, particularly 

the conventional meta-analysis by Hsu et al. and the subsequent systematic review and network meta-

analysis by Chitsuthipakorn et al. (26,27). The Second International HHT Guidelines were also consulted 

to contextualize the therapeutic evidence base and clinical treatment framework (1). 

Hsu et al. identified eight randomized studies evaluating medical treatments for HHT-related epistaxis 

and demonstrated the limited and heterogeneous nature of the randomized evidence available at that 

time (26). The later network meta-analysis by Chitsuthipakorn et al. identified 21 randomized treatment 

trials, with 15 studies involving 697 participants contributing to quantitative synthesis and six additional 

randomized trials evaluated qualitatively (27). This discrepancy demonstrated that the forest plots in the 

present manuscript did not encompass the entirety of randomized evidence available within the broader 

therapeutic field. 

Therefore, randomized studies identified during the audit that met the broader pharmacological 

eligibility criteria were incorporated into a contextual narrative evidence update but were not inserted 

retrospectively into the existing forest plots or pooled effect estimates. This preserves the integrity of the 

analysis. 
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The evidence audit remained anchored to the February 2025 cutoff. Studies published subsequently may 

be consulted to clarify study reports or trial characteristics where necessary, but they are not treated as 

newly eligible intervention studies within the formal evidence window. 

Study Selection 

The records retrieved during the search were managed and screened using Rayyan, a web-based 

systematic-review application designed to facilitate collaborative study selection and resolution of 

independent screening decisions (35). 

Two reviewers independently screened titles and abstracts against the eligibility criteria. Reports 

considered potentially eligible were retrieved for full-text review. Full-text publications were 

subsequently evaluated according to study design, HHT diagnosis, pharmacological intervention, 

comparator and availability of at least one prespecified outcome. 

Disagreements between reviewers were resolved by discussion. Where consensus could not initially be 

reached, a third reviewer adjudicated the decision. Independent duplicate screening is recommended in 

systematic reviews because it reduces the probability that potentially eligible studies are excluded as a 

consequence of individual reviewer error or subjective interpretation (30,32). 

Multiple reports describing the same underlying trial were treated as multiple publications of a single 

study, rather than independent trials. Where several reports arose from the same participant cohort, the 

report providing the most complete or relevant outcome data was used for the corresponding analysis, 

while companion reports could be used to clarify intervention protocols, methodological details or 

longer-term follow-up. 

Data Extraction and Management 

Two reviewers independently extracted data from studies included in the synthesis. Extracted variables 

included author, publication year, study design, study population characteristics, HHT diagnostic criteria 

where available, sample size, number randomized, number analyzed, intervention, comparator, dose, 

route of administration, duration of treatment, follow-up period, co-interventions, study inclusion and 

exclusion criteria, baseline clinical characteristics, outcome definitions, post-treatment findings and 

adverse events. Any disagreement in extracted information was resolved through reviewer discussion, 

with consultation of the primary study report and, where necessary, adjudication by an additional 

reviewer. 

Particular attention was given to distinguishing between participants randomized, participants 

completing treatment or follow-up, and participants contributing to a particular outcome. These 

denominators are methodologically distinct and should not be used interchangeably, particularly in 

small randomized trials and crossover designs. 

Data were retained in their source-native format whenever possible. Continuous outcomes could 

therefore be represented as mean and standard deviation, median and interquartile range, median and 

range, or an adjusted/model-derived treatment estimate according to the reporting method of the 

primary trial. Binary outcomes were extracted as the number of participants experiencing an outcome 

and the relevant denominator when available. Counts of multiple adverse-event episodes were 

distinguished from the number of individual patients experiencing at least one adverse event. This 

distinction is important because repeated events cannot validly be analyzed as if each constituted an 

independent patient in a conventional risk-ratio analysis. 

Conversion of Non-Parametric Summary Data 

In the quantitative analysis, when a study reported a median, range and/or interquartile range rather 

than a mean and standard deviation, approximate means and variances were derived when required for 
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inclusion in a continuous-outcome meta-analysis. The approach was based on established statistical 

methods for estimating sample means and standard deviations from limited summary statistics (36). 

Wan et al. demonstrated that such transformations can facilitate meta-analysis when primary studies 

report non-parametric summaries, although their performance depends on sample size and the 

underlying distribution of the data (36). Accordingly, the review distinguishes between ly reported 

statistics and derived values used for meta-analysis. Converted means and standard deviations are not 

described as though they were directly reported by the source investigators. 

Management of Parallel, Multi-Arm and Crossover Trials 

Parallel-group trials were synthesized according to the comparison represented in the quantitative 

dataset. Multi-arm trials were counted as one unique randomized study when describing the number of 

trials or participants, even when they contributed more than one active treatment comparison. This 

distinction is particularly important in HHT trials in which multiple drug doses or different active nasal 

treatments share a single placebo arm. 

Contemporary Cochrane methodology recommends accounting appropriately for shared comparator 

groups to avoid double counting participants and artificially increasing statistical precision (32). Because 

the meta-analysis was not rerun. Instead, this issue is acknowledged explicitly when interpreting relevant 

pooled estimates. 

Crossover trials were handled in the analysis using data from the initial treatment period where suitable 

first-period information was available. Restricting a crossover trial to first-period data can avoid potential 

carry-over effects and permits analysis as a parallel-group comparison, although it reduces the efficiency 

normally gained from within-participant crossover analysis (32). 

The published crossover results were additionally considered in their source-reported paired or model-

based form when interpreting the wider evidence base. However, these published paired effects were not 

substituted retrospectively into the forest plots. 

Outcomes and Effect Measures 

Five principal outcomes were evaluated. 

Epistaxis duration was defined according to the reporting metric used by individual trials. This could 

include cumulative bleeding duration over a specified period or duration per episode. Where the 

quantitative synthesis standardized results to minutes per month, this unit is stated explicitly. 

Epistaxis frequency represented the number or rate of bleeding episodes during the trial-defined 

observation period. Because events per week, events per month and modeled event-rate ratios represent 

different statistical constructs, study units were preserved in the contextual narrative evidence update. 

Epistaxis Severity Score was considered a separate continuous patient-reported outcome. Because ESS 

integrates several dimensions of bleeding burden, it was not treated as interchangeable with simple 

episode frequency or cumulative duration. 

Hemoglobin concentration represented the principal hematological outcome and was analyzed as a 

continuous measure. Trial-specific units were retained or converted where required to permit 

interpretation. 

Adverse events represented the principal safety outcome. Conventional binary comparisons were 

interpreted using patient-level event incidence when that information was available. Recurrent event 

counts were reported descriptively when they could not be translated reliably into the number of affected 

participants. 

 Quantitative Synthesis 
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The meta-analysis was conducted using Review Manager (RevMan), version 5.4.1, developed by the 

Cochrane Collaboration (37). Meta-analysis was undertaken when at least two studies in the analytical 

dataset reported an outcome considered sufficiently comparable for quantitative combination. For 

continuous outcomes, the analysis used the inverse-variance method and expressed treatment effects as 

mean differences (MDs) with 95% confidence intervals (CIs). Mean difference is appropriate when 

studies measure an outcome using sufficiently comparable units and scales (32). 

For binary outcomes, the Mantel-Haenszel method was used to estimate risk ratios (RRs) with 95% CIs. 

Statistical significance was evaluated using two-sided tests with p<0.05. 

Random-effects models were used for the principal pooled comparisons presented in the existing forest 

plots. The use of random-effects models is clinically plausible in the HHT literature because substantial 

variability exists in intervention route, dose, study population, baseline bleeding severity, treatment 

duration and follow-up. The results related to additional randomized trials were reported using the 

published treatment effects, confidence intervals, p values and clinically relevant outcome measures 

provided by the primary investigators. 

Assessment of Statistical Heterogeneity 

Statistical heterogeneity was assessed using the I² statistic, which describes the proportion of variability 

in observed effect estimates that is attributable to between-study heterogeneity rather than sampling 

error (32). 

Interpretation of I² was aligned with contemporary Cochrane guidance. Values of approximately 0–40% 

may indicate heterogeneity that is not important; 30–60% may represent moderate heterogeneity; 50–

90% substantial heterogeneity; and 75–100% considerable heterogeneity. These ranges are not 

interpreted mechanically and are considered alongside effect direction, clinical diversity and the 

number of contributing studies (32). 

The review undertook subgroup or sensitivity analyses where heterogeneity was substantial, particularly 

when I² exceeded approximately 50%. Those pre-existing analyses are retained. 

However, merely because I² decreased after exclusion of an individual study. Where substantial 

variability remains clinically plausible, pooled results are interpreted cautiously. 

Risk-of-Bias Assessment 

Two reviewers independently assessed methodological risk of bias in the studies represented in the 

quantitative synthesis using the Cochrane Risk of Bias tool (RoB 1) (38). 

• The assessed domains comprised: 

• random sequence generation;  

• allocation concealment;  

• blinding of participants and personnel;  

• blinding of outcome assessment;  

• incomplete outcome data;  

• selective outcome reporting; and  

• other potential sources of bias.  

Each domain was categorized as low, unclear, or high risk of bias, consistent with the RoB 1 framework 

(38). 
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The existing graphical risk-of-bias summary and study-level matrix are retained unchanged because 

they were produced as part of the quantitative analysis. They are therefore explicitly described as RoB 1 

figures, not as assessments performed using the newer RoB 2 tool. 

The presence of Simonds et al. in the historical risk-of-bias matrix is acknowledged as a methodological 

artifact because the study was later confirmed to be retrospective rather than randomized (34). Its risk-

of-bias representation is therefore not interpreted as a valid randomized-trial assessment in the updated 

narrative. 

Small-Study Effects and Publication Bias 

Funnel plots were generated during the analysis for selected treatment-outcome comparisons and are 

retained in the manuscript as exploratory descriptive figures. 

Funnel-plot asymmetry cannot be equated directly with publication bias because asymmetry may arise 

from between-study heterogeneity, methodological differences, selective reporting, chance or other 

small-study effects (39). 

Methodological guidance cautions against formal interpretation of funnel-plot asymmetry when fewer 

than approximately 10 studies are included because statistical power is low and apparent asymmetry 

may be unreliable (39). The principal drug-specific meta-analyses in this review contain substantially 

fewer than 10 studies. They are retained only to document the analysis, and any consideration of 

publication bias is incorporated cautiously within the broader certainty-of-evidence assessment. 

Certainty of Evidence 

The certainty of evidence was evaluated using the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) framework (40,41). 

GRADE categorizes certainty as high, moderate, low or very low and evaluates five principal domains 

that may reduce confidence in randomized evidence: 

• risk of bias;  

• inconsistency;  

• indirectness;  

• imprecision; and  

• publication bias (40,41).  

Randomized evidence begins at high certainty and may be downgraded when limitations within these 

domains reduce confidence that the estimated effect approximates the true treatment effect (40,41). 

GRADE judgments were interpreted at the outcome level, rather than assigning one overall certainty 

designation to an intervention or to the review as a whole. This is important because the certainty 

associated with epistaxis frequency may differ substantially from that associated with duration, 

hemoglobin concentration, ESS or adverse events. Wide confidence intervals crossing the null and 

encompassing potentially meaningful benefit or harm warrant cautious interpretation under GRADE 

(40,41). 

Similarly, publication bias was not regarded as “strongly suspected” solely because a funnel plot 

containing only a few studies appeared visually asymmetric. Such an inference would be inconsistent 

with accepted guidance on funnel-plot interpretation and GRADE assessment (39-41). 
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The existing GRADE Summary-of-Findings tables are therefore interpreted as relating specifically to the 

quantitative comparisons rather than as representing the certainty of the entire pharmacological 

evidence base. 

Integration of the Meta-Analysis With the Updated Evidence 

The forest plots, pooled effect estimates, heterogeneity statistics and associated graphical analyses 

remain unchanged. They are explicitly described throughout the manuscript as the quantitative 

synthesis. 

The additional randomized evidence identified during the supplementary evidence update is presented 

separately as an updated contextual synthesis. This evidence is used to determine whether newer 

randomized findings support, qualify or differ from the patterns observed in the pooled subset, but it is 

not represented as contributing statistically to those historical pooled estimates. 

This distinction is particularly important because earlier and contemporary HHT trials differ 

substantially in route of administration, drug formulation, duration of follow-up, crossover versus 

parallel design and outcome definition. Previous systematic reviews have demonstrated that not all 

randomized HHT epistaxis trials are statistically combinable even when they address the same overall 

clinical problem (26,27). 

Accordingly, a nonsignificant pooled result is interpreted as failure to demonstrate a statistically clear 

effect within the quantitative subset, rather than evidence that the treatment has been conclusively 

shown to be ineffective. Conversely, a favorable newer trial is not described as altering a pooled estimate 

unless that trial actually contributed to the meta-analysis. 

Ethical Considerations 

The review synthesized aggregate information from previously published studies and did not involve 

recruitment of new participants, collection of identifiable personal data or direct intervention by the 

review authors. Separate institutional ethical approval and individual informed consent were therefore 

not required for the systematic review itself. 

RESULTS 

Study Selection and Composition of the Evidence Base 

The database search identified 2,240 records: 2,220 from PubMed, 18 from Scopus, and 2 from Web of 

Science. After removal of 390 duplicate records, 1,850 records underwent title and abstract screening. Of 

these, 1,802 were excluded and 48 reports proceeded to full-text assessment. The source PRISMA record 

documented 36 full-text exclusions and 12 studies entering the quantitative synthesis. The explicitly 

listed exclusion categories accounted for 21 reports (no control group, n=2; different intervention, n=4; 

case reports, n=10; case series, n=5), while the remaining 15 exclusions were grouped under other 

reasons in the source record. These figures are retained as the historical study-selection pathway shown 

in Figure 1. 

Accordingly, all pooled estimates reported below refer only to the studies represented in the figures, 

whereas additional eligible randomized trials are summarized separately in the contextual evidence 

update. 
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Figure 1. PRISMA-style flow diagram documenting the historical search and study-selection process. 

The figure is reproduced unchanged. The “reports not retrieved” field was left blank and the listed full-

text exclusion reasons account for 21 of 36 exclusions; these limitations are clarified in the 

accompanying Results narrative rather than retrospectively altering the legacy figure. 

Characteristics of the Quantitative Subset 

The quantitative subset comprised comparative studies of bevacizumab, tranexamic acid (TXA), timolol, 

and estrogen-based therapy. It included the North American multi-arm trial by Whitehead et al. (19), the 

randomized bevacizumab trial by Dupuis-Girod et al. (20), the submucosal bevacizumab trial by Riss et 

al. (42), the crossover TXA trial by Geisthoff et al. (43), the European crossover TXA trial by Gaillard et 

al. (18), the ELLIPSE bevacizumab dose-escalation trial by Dupuis-Girod et al. (44), the estrogen trial by 

Vase (45), the bevacizumab/electrocautery trial by Khanwalkar et al. (46), the intravenous bevacizumab 

trial by Dupuis-Girod et al. (47), and the timolol trials by Dupuis-Girod et al. (23) and Peterson et al. (24). 

The dataset also contained Simonds et al. (34), which source-level reassessment confirmed to be a 

retrospective comparative study rather than a randomized trial. It is therefore retained only as part of 

the legacy quantitative subset and is not counted as randomized evidence in the updated interpretation. 

Table 1. Characteristics of studies represented in the quantitative synthesis 

Study / design Randomized or 
analyzed sample 

Intervention and comparator Follow-up Principal outcomes represented 

Whitehead et al., 
2016 (19) 
Multicenter double-
blind RCT 

121 randomized 
BV 29; estriol 31; TXA 
33; placebo 28 

Intranasal BV 1%, estriol 0.1%, 
or TXA 10% vs saline placebo 

12 weeks treatment; 
later follow-up 

Epistaxis frequency and duration, 
ESS, hemoglobin, ferritin, transfusion, 
adverse events 

Dupuis-Girod et al., 
2016 (20) 
Multicenter phase 
2/3 RCT 

80 randomized 
BV 59; placebo 21 

BV nasal spray 25, 50, or 75 mg 
vs placebo 

6 months Monthly epistaxis duration, safety, 
hematologic outcomes 

Riss et al., 2015 (42) 
Double-blind RCT 

15 randomized 
BV 9; placebo 6 

Single intranasal submucosal 
BV 100 mg vs placebo 

12 weeks Epistaxis duration, VAS, ESS 
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Study / design Randomized or 
analyzed sample 

Intervention and comparator Follow-up Principal outcomes represented 

Geisthoff et al., 2014 
(43) 
Double-blind 
crossover RCT 

22 in intention-to-treat 
analysis 

Oral TXA 1 g three times daily 
vs placebo 

3 months per period Hemoglobin and epistaxis score 

Gaillard et al., 2014 
(18) 
Multicenter 
crossover RCT 

135 randomized; 118 
contributed to modified 
ITT analysis 

Oral TXA 3 g/day vs placebo 3 months per period Epistaxis duration and frequency, 
hemoglobin, safety 

Dupuis-Girod et al., 
2014 (44) 
Phase 1 randomized 
dose-escalation trial 

40 randomized Single-dose BV nasal spray 
12.5-100 mg vs placebo 

Approximately 3 
months 

Safety; exploratory epistaxis efficacy 

Vase, 1981 (45) 
Double-blind RCT 

31 randomized 
Estrogen 17; placebo 14 

Oral estradiol valerate 4 
mg/day vs placebo 

3-month treatment 
after control period 

Bleeding frequency/intensity, 
hemoglobin, transferrin 

Khanwalkar et al., 
2022 (46) 
Double-blind RCT 

39 enrolled; 37 
completed 

Submucosal BV vs saline; both 
groups received bipolar 
electrocautery 

6 months ESS and quality of life 

Dupuis-Girod et al., 
2023 (47) 
Multicenter phase 2 
RCT 

24 randomized 
12 per group 

IV BV 5 mg/kg every 14 days 
for six doses vs placebo 

6 months Transfusion requirement, hemoglobin, 
ESS, epistaxis duration/frequency, 
adverse events 

Dupuis-Girod et al., 
2019 (23) 
Double-blind RCT 

58 randomized Timolol 0.5% nasal spray vs 
placebo 

28-day treatment; 
assessment to 4 
months 

Monthly epistaxis duration, adverse 
events 

Peterson et al., 2020 
(24) 
Double-blind RCT 

27 randomized; 23 
completed primary 
outcome 

Timolol 0.1% thermosensitive 
intranasal gel vs placebo gel 

8 weeks ESS, NOSE-HHT, hemoglobin, adverse 
events 

Simonds et al., 2009 
(34) 
Retrospective 
comparative study 

19 total 
BV+KTP 10; historical 
KTP control 9 

KTP laser + submucosal BV 
100 mg vs historical KTP laser 
control 

Pre/post follow-up Epistaxis frequency/severity, 
transfusion requirement, quality of life 

Abbreviations: BV, bevacizumab; ESS, Epistaxis Severity Score; IV, intravenous; KTP, potassium titanyl 

phosphate; NOSE-HHT, Nasal Outcome Score for Epistaxis in HHT; RCT, randomized controlled trial; 

TXA, tranexamic acid; VAS, visual analog scale. Simonds et al. is shown because it contributed to the 

legacy quantitative figures. 

Risk of Bias in the Quantitative Subset 

The Cochrane RoB 1 assessment showed that random-sequence generation, allocation procedures, 

participant/personnel blinding, outcome-assessor blinding, and selective reporting were judged 

predominantly at low risk across the included randomized studies. The principal concentration of high-

risk judgments occurred in incomplete outcome data, while the other-bias domain was more variable. 

The study-level matrix also demonstrated that several trials had high-risk attrition judgments despite 

otherwise favorable assessments across blinding and selection domains. These patterns are consistent 

with the small, longitudinal HHT trial literature, in which loss to follow-up and incomplete outcome 

measurement can materially affect precision. 

The legacy matrix includes Simonds et al. (34); however, because that study is retrospective, its RoB 1 

row is retained only as a record of the analysis and should not be interpreted as a randomized-trial risk-

of-bias assessment. Vase (45) also had limited reporting across several methodological domains in the 

matrix, reducing confidence in domain-level judgments for that older trial. 
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Figure 2A. Domain-level summary of risk-of-bias judgments in the quantitative evidence set. 

 

Figure 2B. Study-level risk-of-bias judgments for studies represented in the quantitative synthesis. The Simonds 2009 row is 

retained, however, the study is retrospective rather than randomized. 

 Quantitative Synthesis 

The following estimates reproduce the existing RevMan outputs without recalculation. Because the 

quantitative dataset could not be rerun, the numerical estimates, study weights, and heterogeneity 

statistics are reported as displayed in the forest plots. For hemoglobin outcomes, clinical direction should 

be interpreted from the sign and magnitude of the mean difference rather than from generic inherited 

axis labels in the legacy plots. 

Bevacizumab 

Epistaxis frequency was pooled across four bevacizumab comparisons involving 134 participants 

represented in Dupuis-Girod 2014, Dupuis-Girod 2016, Whitehead 2016, and Dupuis-Girod 2023 

(19,20,44,47). The pooled mean difference (MD) was -0.30 episodes in the analysis scale (95% CI -5.17 to 

4.58; p=0.90), with no observed statistical heterogeneity (I²=0%). The confidence interval crossed the null 

and encompassed both possible reduction and possible increase, providing no statistically significant 

evidence of a frequency benefit within the pooled subset. 
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Figure 3. Epistaxis frequency: bevacizumab versus placebo in the quantitative synthesis. 

Epistaxis duration was pooled across five bevacizumab comparisons involving 149 participants 

(19,20,42,44,47). The random-effects estimate favored bevacizumab numerically but was not statistically 

significant (MD -26.87 minutes/month, 95% CI -112.32 to 58.58; p=0.54). Heterogeneity was moderate 

(I²=47%), and the wide confidence interval indicates substantial uncertainty around the magnitude and 

direction of the average effect. The result therefore supports a possible reduction in duration but does 

not establish superiority over placebo in the pooled dataset. 

 

Figure 4. Epistaxis duration: bevacizumab versus placebo in the quantitative synthesis  

The legacy bevacizumab safety pool contained four comparative datasets with 60 participants in the 

bevacizumab groups and 55 in the control groups, with 42 and 37 events, respectively (42).. The pooled 

risk ratio (RR) was 1.00 (95% CI 0.85 to 1.19; p=0.97; I²=0%), indicating no detectable difference in the 

pooled event incidence as represented in the figure (19,34,42,47). Interpretation requires caution because 

Simonds et al. (34) is nonrandomized and because adverse-event definitions and routes of bevacizumab 

administration differed across studies. 

 

Figure 5. Adverse events: bevacizumab versus placebo in the quantitative synthesis. The pooled figure includes Simonds et al. 

2009 (34), a retrospective comparative study; this limits randomized-evidence interpretation of the pooled safety estimate. 

Three studies contributed to the primary bevacizumab hemoglobin analysis (19,20,47), comprising 120 

participants. The pooled MD was 0.37 (95% CI -0.86 to 1.60; p=0.56), with substantial heterogeneity 

(I²=69%). Thus, the pooled analysis did not demonstrate a statistically significant between-group 

difference in hemoglobin concentration. In the existing sensitivity analysis, one study was assigned zero 

weight, leaving 97 participants; the pooled estimate shifted to -0.17 (95% CI -1.31 to 0.98; p=0.78) and 

heterogeneity decreased to I²=40%. The sensitivity analysis therefore reduced inconsistency but did not 

alter the conclusion of statistical nonsignificance. 
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Figure 6. Mean hemoglobin concentration: bevacizumab versus placebo. 

 

Figure 7. Sensitivity analysis of mean hemoglobin concentration: bevacizumab versus placebo. 

ESS was pooled across four bevacizumab comparisons involving 123 participants from Riss, Whitehead, 

Khanwalkar, and Dupuis-Girod 2023 (19,42,46,47). In contrast to the earlier prose version of the 

manuscript, the forest plot shows a pooled MD of -0.22 points (95% CI -0.38 to -0.05; p=0.010), with low 

heterogeneity (I²=14%). This represents a statistically significant but small average reduction in ESS 

favoring bevacizumab within the pooled subset. The magnitude should nevertheless be interpreted in 

the context of differences in route, co-intervention, baseline severity, and study design. 

 

Figure 8. Epistaxis Severity Score: bevacizumab versus placebo. 

Timolol 

Two timolol comparisons contributed to the legacy adverse-event analysis, with 42 participants in each 

group and 23 versus 18 adverse events. The pooled RR was 1.33 (95% CI 0.67 to 2.67; p=0.41), with 

moderate heterogeneity (I²=38%). The confidence interval was wide and included both lower and 

substantially higher event risk, so the pooled analysis does not establish a difference in overall adverse-

event risk (23,24). 

 

Figure 9. Adverse events: timolol versus placebo. The legacy figure labelled Dupuis Girod 2023 represents the relevant timolol 

randomized trial is Dupuis-Girod et al. 2019 (23). 

For mean hemoglobin concentration, the two timolol trials contributed 85 participants. The pooled MD 

was 0.80 (95% CI -0.52 to 2.11; p=0.24), with no observed heterogeneity (I²=0%). Although the point 

estimate was positive, the confidence interval crossed zero and the analysis did not demonstrate a 

statistically significant hematological advantage of timolol over placebo (23,24). 
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Figure 10. Mean hemoglobin concentration: timolol versus placebo. 

Tranexamic Acid 

The primary legacy analysis of epistaxis frequency combined three TXA datasets from Gaillard, 

Geisthoff, and Whitehead, representing 99 intervention-period/arm observations and 100 placebo-

period/arm observations in the displayed forest plot (18,19,43). The pooled MD was -7.36 (95% CI -20.20 

to 5.48; p=0.26), but heterogeneity was considerable (I²=94%). The pooled point estimate therefore 

suggested fewer episodes with TXA, but the uncertainty was wide and the studies were highly 

inconsistent. 

 

Figure 11. Epistaxis frequency: tranexamic acid versus placebo, primary legacy analysis. 

In the corresponding sensitivity analysis, the Geisthoff dataset was assigned zero weight, leaving 90 TXA 

and 89 placebo observations in the pooled calculation. The resulting MD was -1.46 (95% CI -7.41 to 4.49; 

p=0.63), and heterogeneity fell to I²=30%. This analysis substantially reduced statistical inconsistency 

but also moved the point estimate closer to the null; the between-group effect remained nonsignificant 

(18,19,43). 

 

Figure 12. Sensitivity analysis of epistaxis frequency: tranexamic acid versus placebo. 

For epistaxis duration, the primary three-study TXA analysis included 99 TXA and 100 placebo 

observations and produced an MD of -54.67 minutes/month (95% CI -176.12 to 66.79; p=0.38), with 

considerable heterogeneity (I²=93%) (18,19,43). A route-oriented sensitivity analysis excluded the 

Whitehead intranasal dataset from the pooled weight, leaving the two oral crossover trials; the resulting 

MD was -86.82 minutes/month (95% CI -288.00 to 114.37; p=0.40), but heterogeneity remained very high 

(I²=96%). Thus, neither the primary nor sensitivity analysis established a statistically significant effect 

on epistaxis duration, and the large between-study inconsistency remained unresolved. 

 

Figure 13. Epistaxis duration: tranexamic acid versus placebo, primary legacy analysis. 
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Figure 14. Sensitivity analysis of epistaxis duration after exclusion of the intranasal TXA dataset. 

Mean hemoglobin concentration was also pooled across the same three TXA datasets. The primary 

estimate was MD -1.18 (95% CI -2.81 to 0.45; p=0.16), with considerable heterogeneity (I²=92%). When 

the Whitehead intranasal dataset was excluded from the pooled weight, the sensitivity estimate was MD 

-0.32 (95% CI -0.98 to 0.34; p=0.34) and heterogeneity decreased to I²=0%. The sensitivity analysis 

therefore removed the statistical inconsistency apparent in the primary analysis, but neither estimate 

demonstrated a significant difference in hemoglobin concentration (18,19,43). 

 

Figure 15. Mean hemoglobin concentration: tranexamic acid versus placebo, primary legacy analysis. 

 

Figure 16. Sensitivity analysis of mean hemoglobin concentration after exclusion of the intranasal TXA dataset. 

Estrogen / Estriol 

Two estrogen/estriol datasets, from Vase and Whitehead, contributed to the epistaxis-frequency analysis 

(19,45). Across 46 intervention and 41 placebo participants, the pooled MD was -2.70 episodes in the 

analysis scale (95% CI -8.76 to 3.36; p=0.38), with no observed heterogeneity (I²=0%). The confidence 

interval crossed zero, and the pooled result did not demonstrate statistically significant superiority of 

estrogen-based treatment over placebo. 

 

Figure 17. Epistaxis frequency: estrogen/estriol versus placebo. 

Adverse-Event Profile Across Drug Classes 

The categorical adverse-event table compared selected symptom groups across estriol, TXA, 

bevacizumab, and timolol. Most estimates were imprecise, with confidence intervals crossing 1.00. Two 

comparisons were statistically distinguishable from the null: estriol was associated with a lower risk of 

nausea and vomiting (RR 0.12, 95% CI 0.02 to 0.87), whereas TXA was associated with a higher risk of 

gastrointestinal symptoms (RR 2.34, 95% CI 1.51 to 3.64). Point estimates for timolol were comparatively 

high for nasal and cardiac symptoms, but confidence intervals were extremely wide and did not establish 
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a significant increase. The table should therefore be interpreted symptom-by-symptom rather than as 

evidence of an overall safety ranking among drugs (19,23,24). 

Table 2. Adverse-event profile of pharmacological treatments versus placebo in the analysis 

Adverse-event category Estriol RR (95% CI) TXA RR (95% CI) Bevacizumab RR (95% 
CI) 

Timolol RR (95% CI) 

Nasal symptoms 1.03 (0.52-2.04) 0.79 (0.39-1.60) 1.19 (0.62-2.28) 3.32 (0.87-12.64) 
Nausea and vomiting 0.12 (0.02-0.87) 1.20 (0.62-2.34) 0.59 (0.22-1.59) 2.80 (0.12-63.20) 
Gastrointestinal symptoms 1.56 (0.41-5.91) 2.34 (1.51-3.64) 2.90 (0.87-9.61) NA 
Cardiac symptoms NA NA 0.82 (0.11-5.91) 6.59 (0.37-117.77) 
Drowsiness and dizziness 0.19 (0.01-3.73) 2.05 (0.92-4.60) 0.48 (0.05-5.03) 1.26 (0.34-4.65) 
Headache 1.87 (0.81-4.30) 1.25 (0.71-2.20) 0.61 (0.17-2.22) 1.45 (0.26-8.09) 
Respiratory symptoms 0.82 (0.34-1.96) 1.17 (0.55-2.49) 0.84 (0.35-2.02) 1.61 (0.22-11.66) 

Values are risk ratios with 95% confidence intervals. Bold values indicate confidence intervals excluding 

1.00. NA, not available. These symptom-specific estimates reproduce the adverse-event table and should 

not be interpreted as a unified drug-level safety ranking. 

Small-Study Effects and Funnel Plots 

Five funnel plots were generated in the analysis for bevacizumab duration, bevacizumab frequency, 

timolol adverse events, TXA frequency, and estrogen frequency. Each comparison contained far fewer 

than 10 contributing studies. Consequently, the plots are retained as descriptive records of the analysis 

but are not used to make formal claims of publication bias or small-study effects. Apparent asymmetry 

in such sparse plots can arise from chance, clinical heterogeneity, or differences in study precision and 

cannot reliably distinguish publication bias from other explanations (39). 
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Figure 18. Funnel plots for selected bevacizumab, timolol, tranexamic acid, and estrogen/estriol outcomes. 

Certainty of Evidence for the Quantitative Comparisons 

The legacy GRADE assessments ranged from moderate to very low certainty across outcomes. 

Bevacizumab frequency, duration, and ESS were rated as moderate-certainty evidence in the GRADE 

outputs, while bevacizumab hemoglobin and adverse-event outcomes were rated low certainty. TXA 

duration, frequency, and hemoglobin; timolol adverse events and hemoglobin; and estrogen frequency 

were rated very low certainty. The numerical effects in Table 3 are aligned to the forest plots reproduced 
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above. Because the legacy GRADE files included publication-bias downgrading in several comparisons 

with only two or three studies, those publication-bias judgments are not treated as independently; the 

certainty labels are presented as the GRADE classifications rather than as a newly rerun GRADE 

assessment (39-41). 

Table 3. Summary of pooled effects and legacy GRADE certainty 

Intervention / outcome Studies; 
participants 

Pooled effect (95% CI) I² Legacy GRADE 
certainty 

Bevacizumab - epistaxis 
frequency 

4; 134 MD -0.30 (-5.17 to 4.58) 0% Moderate 

Bevacizumab - epistaxis duration 5; 149 MD -26.87 (-112.32 to 58.58) 47% Moderate 
Bevacizumab - adverse events 4; 115 RR 1.00 (0.85 to 1.19) 0% Low 
Bevacizumab - hemoglobin 3; 120 MD 0.37 (-0.86 to 1.60) 69% Low 
Bevacizumab - ESS 4; 123 MD -0.22 (-0.38 to -0.05) 14% Moderate 
TXA - epistaxis frequency 3; 199 MD -7.36 (-20.20 to 5.48) 94% Very low 
TXA - epistaxis duration 3; 199 MD -54.67 (-176.12 to 66.79) 93% Very low 
TXA - hemoglobin 3; 199 MD -1.18 (-2.81 to 0.45) 92% Very low 
Timolol - adverse events 2; 84 RR 1.33 (0.67 to 2.67) 38% Very low 
Timolol - hemoglobin 2; 85 MD 0.80 (-0.52 to 2.11) 0% Very low 
Estrogen/estriol - frequency 2; 87 MD -2.70 (-8.76 to 3.36) 0% Very low 

ESS, Epistaxis Severity Score; MD, mean difference; RR, risk ratio; TXA, tranexamic acid. The certainty 

categories reproduce the legacy GRADE outputs. For bevacizumab ESS, the pooled numerical estimate 

is taken from Figure 8 because the legacy GRADE file contained a discordant effect estimate. The 

bevacizumab adverse-event pool includes the nonrandomized Simonds study (34), which limits 

interpretation of its legacy certainty classification. 

Stage Contextual Randomized Evidence 

The evidence audit identified randomized pharmacological evidence not represented in the forest plots. 

These trials were not added retrospectively to the meta-analysis; their results are reported as study-level 

randomized evidence to place the legacy pooled findings in the wider therapeutic context. The additional 

evidence included tamoxifen, postoperative topical estriol, propranolol, tacrolimus, two doxycycline 

trials, an additional timolol crossover trial, pomalidomide, and nintedanib (22,25,28,29,48-52). This 

broader randomized landscape is consistent with the subsequent network meta-analysis, which identified 

substantially more randomized HHT epistaxis trials than were represented in the historical pooled 

subset (27). 

Table 4. Additional randomized pharmacological evidence identified in the contextual audit 

Study / intervention Design and sample Principal randomized 
outcome 

Objective result 

Yaniv et al., 2009 (48) 
Tamoxifen 20 mg/day 

Double-blind placebo-
controlled RCT; 25 
randomized, 21 
completed 

Epistaxis frequency and 
severity 

Improvement favored tamoxifen; 
frequency p=0.01 and severity 
p=0.049 in the reported trial analysis. 

Bergler et al., 2002 (49) 
Topical estriol after APC 

Randomized comparative 
trial; n=26 

Bleeding 
frequency/intensity at 12 
months 

Both arms received APC; 
postoperative estriol produced lower 
bleeding frequency/intensity than 
dexpanthenol and higher treatment 
satisfaction (93% vs 42%). 

Mei-Zahav et al., 2020 (22) 
Topical propranolol 1.5% 
gel 

Double-blind placebo-
controlled RCT; 23 
initially randomized, 20 
completed 

Change in ESS ESS change was -2.03 +/- 1.70 with 
propranolol versus -0.35 +/- 0.68 with 
placebo; between-group difference 
was significant (p=0.009). 

Dupuis-Girod et al., 2020 
(25) 
Tacrolimus 0.1% nasal 
ointment 

Multicenter double-blind 
placebo-controlled RCT; 
n=50 

Epistaxis duration The post-treatment primary 
between-group comparison was not 
significant (p=0.77), although a 
during-treatment time effect was 
reported. 

McWilliams et al., 2022 (50) 
Oral doxycycline (NOSTRIL) 

Randomized placebo-
controlled crossover 
RCT; n=22 

ESS, epistaxis frequency 
and duration 

The prespecified primary outcomes 
were not significantly improved; 
reported p values included frequency 
p=0.16, duration p=0.05, and ESS 
p=0.19. 

Thompson et al., 2022 (51) 
Oral doxycycline 

Double-blind placebo-
controlled crossover 
RCT; n=13 

Weekly epistaxis duration 
and frequency 

No significant treatment effect on 
duration (p=0.136) or frequency 
(p=0.261); hemoglobin was higher 
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Study / intervention Design and sample Principal randomized 
outcome 

Objective result 

during doxycycline exposure 
(p=0.0499). 

Andorfer et al., 2022 (52) 
Timolol nasal spray plus 
standard laser 

Randomized double-blind 
placebo-controlled 
crossover RCT; 20 
treated, 18 completed 
both sequences 

ESS at 3 months The 3-month primary ESS 
comparison favored timolol 
numerically but was not significant 
(p=0.084); the 1-month ESS 
comparison favored timolol (p=0.010). 

Al-Samkari et al., 2024 (28) 
Pomalidomide 4 mg/day 

Multicenter randomized 
placebo-controlled trial; 
n=144 

Change in ESS at 24 
weeks 

Pomalidomide reduced ESS versus 
placebo by MD -0.94 (95% CI -1.57 to -
0.31; p=0.004) and improved HHT-
specific quality of life. 

Hermann et al., 2024 (29) 
Nintedanib 

Multicenter phase 2 
randomized double-blind 
placebo-controlled trial; 
n=60 

>=50% reduction in mean 
monthly epistaxis 
duration 

Primary responder outcome: 43.3% 
vs 26.7% (p=0.28). Secondary 
analyses showed greater median 
epistaxis reduction (57% vs 27%; 
p=0.013) and hemoglobin change (+18 
vs -1 g/L; p=0.02). 

APC, argon plasma coagulation; ESS, Epistaxis Severity Score; HHT, hereditary hemorrhagic 

telangiectasia; MD, mean difference; RCT, randomized controlled trial. These studies are presented as 

contextual randomized evidence and were not incorporated into the forest plots. 

The contextual randomized evidence therefore broadens the pharmacological landscape beyond the four 

drug classes emphasized in the meta-analysis. In particular, the large PATH-HHT trial provides 

randomized evidence of a clinically relevant ESS reduction with pomalidomide, whereas EPICURE did 

not meet its primary binary responder endpoint despite favorable secondary changes in epistaxis 

duration and hemoglobin (28,29). The additional propranolol, tacrolimus, doxycycline, and TIM-HHT 

trials likewise show that treatment effects differ according to drug, formulation, outcome definition, and 

follow-up period (22,25,50-52). These findings are reported descriptively and do not modify the pooled 

effect estimates. 

DISCUSSION 

Principal Findings 

This systematic review demonstrates that the pharmacological evidence for HHT-related epistaxis is 

broader and more heterogeneous than the meta-analytic dataset alone suggests. In the preserved 

quantitative synthesis, most pooled comparisons did not demonstrate statistically significant superiority 

over placebo for epistaxis frequency, epistaxis duration, hemoglobin concentration, or overall adverse-

event risk. The most consistent pooled efficacy signal was a small reduction in ESS with bevacizumab 

(MD -0.22, 95% CI -0.38 to -0.05; I2=14%). By contrast, the TXA analyses were characterized by very high 

heterogeneity, the timolol analyses were imprecise, and the estrogen/estriol frequency analysis crossed 

the null. These findings broadly reinforce earlier conventional and network meta-analyses showing that 

no single pharmacological intervention has demonstrated uniform benefit across all clinically relevant 

HHT epistaxis outcomes (26,27). 

The interpretation is intentionally more cautious because evidence audit identified an important 

distinction between the historical quantitative subset and the wider randomized literature. The pooled 

figures remain useful as a record of the analyses that were actually performed, but they should not be 

interpreted as a complete meta-analysis of every eligible randomized trial available by February 2025. 

This distinction is clinically important because newer randomized evidence includes treatment classes 

and outcome structures not represented in the legacy forest plots, including propranolol, tacrolimus, 

doxycycline, additional timolol data, pomalidomide, and nintedanib (22,25,28,29,50-52). 

Bevacizumab: Route-Dependent Signals Within an Inconsistent Evidence Base 

Bevacizumab has the largest representation in the quantitative synthesis and illustrates the central 

problem of combining clinically diverse HHT trials. The pooled analyses did not demonstrate 

statistically significant reductions in epistaxis frequency or duration, nor a significant improvement in 
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hemoglobin concentration. The ESS analysis, however, favored bevacizumab by a small but statistically 

significant amount. Importantly, this ESS estimate is concordant with the later bevacizumab-specific 

meta-analysis by Chen et al., which also reported an ESS reduction of approximately 0.22 points while 

finding no significant pooled benefit for epistaxis frequency or duration (53). Earlier systematic review 

evidence likewise concluded that intranasal bevacizumab had not shown a consistent advantage for 

frequency, duration, severity, or quality of life (21). 

Trial-level findings help explain why a single pooled summary can obscure route-specific effects. 

Intranasal spray studies, including the multicenter trial by Dupuis-Girod et al. and the North American 

multi-arm trial by Whitehead et al., did not demonstrate clear superiority over placebo for their principal 

epistaxis endpoints (19,20). The ELLIPSE study established tolerability of intranasal bevacizumab across 

escalating doses but did not demonstrate efficacy in that phase 1 setting (44). Riss et al. reported a 

numerically favorable but imprecise response after submucosal bevacizumab injection, while 

Khanwalkar et al. evaluated bevacizumab as an adjunct to a common electrocautery procedure and 

observed clinically relevant ESS improvement at selected follow-up points without establishing an 

unequivocal independent treatment effect across all analyses (42,46). These trials differ in formulation, 

local exposure, background treatment, baseline bleeding burden, and outcome measurement, making a 

universal route-independent effect biologically and statistically unlikely. 

The randomized trial of intravenous bevacizumab published by Dupuis-Girod et al. in 2023 is particularly 

relevant to contemporary interpretation because it evaluates systemic therapy in patients with severe 

HHT-associated bleeding rather than simply local nasal drug delivery (47). Although the primary 

randomized endpoint did not provide definitive evidence of superiority, secondary hematological and 

epistaxis-related signals favored systemic treatment in selected analyses. This pattern is compatible with 

the broader clinical literature in which systemic bevacizumab is used for severe bleeding phenotypes 

and other HHT complications, but such evidence should not be extrapolated to imply that intranasal, 

submucosal, and intravenous administration are therapeutically equivalent (1,16,47). The current review 

therefore does not support a blanket statement that bevacizumab is a first-line epistaxis therapy; rather, 

the evidence suggests that route, disease severity, clinical objective, and safety profile should determine 

where bevacizumab fits within an individualized treatment pathway (1,16). 

Tranexamic Acid: Statistical Heterogeneity and the Importance of Trial Design 

The legacy TXA analyses produced nonsignificant pooled effects for epistaxis frequency, duration, and 

hemoglobin concentration, with I2 values of 92%-94% in the primary analyses. Such heterogeneity is 

not a minor statistical inconvenience; it reflects fundamental differences in route, endpoint structure, 

and study design. Gaillard et al. and Geisthoff et al. used randomized crossover designs with oral TXA, 

whereas Whitehead et al. evaluated intranasal TXA in a parallel multi-arm trial (18,19,43). The native 

trial analyses therefore do not represent interchangeable parallel-group mean differences. 

The individual oral TXA trials nevertheless provide evidence of biological and clinical activity. Gaillard 

et al. reported a significant reduction in cumulative monthly epistaxis duration under oral TXA, while 

Geisthoff et al. reported improvement in an epistaxis score despite no significant hemoglobin effect 

(18,43). In contrast, topical intranasal TXA in the Whitehead trial did not significantly reduce the 

primary frequency endpoint relative to saline placebo (19). The later network meta-analysis also found 

a significant reduction in epistaxis frequency with TXA compared with placebo, although its pooled 

framework and included trial set differed from the legacy analysis reproduced here (27). These findings 

support the interpretation that the apparent conflict between the present pooled null effect and positive 

trial-level findings is driven partly by analytical incompatibility rather than by a simple absence of 

pharmacological activity. 

This distinction is also consistent with the Second International HHT Guidelines, which recommend 

consideration of oral tranexamic acid for epistaxis that does not respond adequately to moisturizing 
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topical therapy (1). The guideline position should not be interpreted as proof that all formulations are 

effective or that every patient will respond. Instead, the available data support oral TXA as a reasonable 

option in selected patients with persistent bleeding, while the highly heterogeneous meta-analytic 

estimates in the present review should be interpreted with low confidence and without assuming 

equivalence between oral and topical administration (1,18,19,27,43). 

Beta-Blockers: Promising ESS Effects but Limited Precision 

The beta-blocker evidence illustrates the difference between class-level promise and treatment-specific 

certainty. In the quantitative subset, timolol did not significantly alter hemoglobin concentration and 

the adverse-event RR was imprecise, with a confidence interval compatible with both lower and 

substantially higher event risk. The principal randomized timolol nasal-spray trial also failed to 

demonstrate a significant improvement in its primary epistaxis-duration endpoint (23). Peterson et al. 

reported improvement in both the timolol gel and placebo gel groups, with numerically greater patient-

reported improvement in the timolol group but insufficient precision to establish definitive superiority 

(24). 

The later TIM-HHT crossover trial added evidence that the effect of timolol may be time dependent: the 

primary three-month ESS comparison favored timolol numerically but was not statistically significant, 

whereas a one-month comparison was significant (52). This temporal pattern argues against interpreting 

timolol as uniformly effective and suggests that formulation, adjunctive laser therapy, duration of use, 

and background nasal care may modify treatment response. By comparison, the small randomized 

propranolol trial demonstrated a substantially larger ESS improvement than placebo, with a between-

group change consistent with the favorable estimate reported in the subsequent network meta-analysis 

(22,27). Thus, beta-blockade remains a plausible therapeutic strategy, but current evidence is stronger 

for a signal of symptom improvement than for durable hematological benefit or a clearly established 

class-wide effect (22-24,27,52). 

Hormonal and Anti-Estrogen Therapies: Heterogeneous Mechanisms Should Not Be Collapsed 

The estrogen/estriol frequency meta-analysis did not show a statistically significant reduction in epistaxis 

frequency. This finding is consistent with the older double-blind trial by Vase, in which oral estradiol 

valerate did not significantly reduce bleeding frequency or intensity and did not improve hemoglobin 

concentration (45). Whitehead et al. likewise did not show a significant frequency benefit for intranasal 

estriol compared with saline placebo (19). These findings argue against treating estrogen-based therapies 

as a homogeneous evidence category with a reliably positive effect. 

However, the contextual evidence demonstrates that other hormonal approaches cannot be dismissed 

on the basis of this pooled result alone. Yaniv et al. reported significant improvement in epistaxis 

frequency and severity with tamoxifen compared with placebo, while Bergler et al. found that 

postoperative topical estriol after argon plasma coagulation produced greater improvement in bleeding 

frequency and intensity than dexpanthenol after the same procedure (48,49). Tamoxifen is 

pharmacologically distinct from estrogen replacement, and Bergler evaluated estriol as an adjunct to a 

procedural co-intervention; neither study is directly interchangeable with the legacy estrogen frequency 

pool. The network meta-analysis similarly treated these interventions separately and identified 

qualitative benefit for tamoxifen and estriol in selected studies (27). Accordingly, the present review 

supports treatment-specific interpretation rather than a global conclusion for all hormone-related 

therapies. 

Tacrolimus and Doxycycline: Negative or Inconclusive Randomized Evidence 

The audit identified additional randomized evidence for tacrolimus and doxycycline that was not 

represented in the forest plots. The multicenter tacrolimus trial did not show a significant post-treatment 

between-group difference in its primary epistaxis-duration comparison, despite a signal during 
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treatment (25). Two randomized crossover trials of doxycycline likewise failed to demonstrate 

convincing improvement in the prespecified epistaxis outcomes. The NOSTRIL trial did not significantly 

improve ESS, frequency, or duration, and the Thompson trial found no significant treatment effect for 

weekly epistaxis duration or frequency, although hemoglobin was higher during doxycycline exposure 

in a secondary analysis (50,51). 

These findings are important because they demonstrate that plausible antiangiogenic or vascular-

remodeling mechanisms do not necessarily translate into clinically meaningful epistaxis control. They 

also reinforce the need to privilege prespecified primary endpoints over isolated favorable secondary 

findings. On the current evidence, tacrolimus and doxycycline should be regarded as investigational or 

selectively considered therapies rather than as interventions with established efficacy for routine HHT 

epistaxis management (25,27,50,51). 

Newer Systemic Therapies: A Shift in the Randomized Evidence Landscape 

The most consequential development in the evidence update is the emergence of larger randomized 

trials of systemic therapy. PATH-HHT enrolled 144 participants and demonstrated that pomalidomide 

reduced ESS by 0.94 points relative to placebo at 24 weeks (95% CI -1.57 to -0.31; p=0.004), with 

accompanying improvement in HHT-specific quality of life (28). Unlike many earlier HHT epistaxis 

trials, PATH-HHT was sufficiently large to provide a comparatively precise treatment estimate and used 

a validated patient-centered bleeding outcome. Its findings materially broaden the therapeutic landscape 

and show that clinically relevant pharmacological benefit can be demonstrated when adequately 

powered trials use standardized outcomes. 

EPICURE provides a complementary but more nuanced example. Nintedanib did not significantly 

improve the prespecified primary responder endpoint, although secondary analyses suggested greater 

reductions in epistaxis duration and improvement in hemoglobin concentration (29). The appropriate 

interpretation is therefore not that nintedanib was unequivocally effective, but that it generated a mixed 

signal requiring confirmation. Together, PATH-HHT and EPICURE show why contemporary HHT 

evidence should be interpreted trial by trial, with explicit distinction between primary and secondary 

endpoints, rather than being reduced to a binary classification of effective versus ineffective therapy 

(28,29). 

These newer systemic trials also expose a limitation of the historical pooled analyses: the latter largely 

reflect older local or repurposed therapies and therefore do not capture the full therapeutic direction of 

the field. Contemporary management is increasingly influenced by systemic antiangiogenic and 

immunomodulatory approaches for patients with moderate-to-severe bleeding phenotypes, particularly 

when recurrent epistaxis is accompanied by iron deficiency, transfusion dependence, or other clinically 

significant HHT manifestations (1,16,28). The present review therefore positions the meta-analysis as 

one component of an evolving evidence base rather than as the final comparative assessment of 

pharmacological treatment. 

Safety and Tolerability 

Safety findings in the quantitative subset were generally imprecise. The pooled bevacizumab adverse-

event RR was close to the null, but interpretation is weakened by route heterogeneity and by inclusion 

of the nonrandomized Simonds study in the legacy figure. The timolol adverse-event estimate was also 

imprecise, and the wide confidence interval precludes a reliable conclusion about overall risk. In the 

symptom-specific adverse-event table, TXA was associated with more gastrointestinal symptoms, 

whereas most other category-specific confidence intervals crossed the null. These results should not be 

converted into a simplistic ranking of drug safety because event definitions, exposure periods, and 

ascertainment differed substantially between trials. 
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Clinical safety also depends on route and systemic exposure. Topical and intranasal therapies cannot be 

assumed to share the same risk profile as systemic bevacizumab or newer systemic antiangiogenic 

agents. Contemporary HHT guidance therefore emphasizes individualized treatment selection, careful 

assessment of bleeding severity and comorbidity, and appropriate monitoring when systemic 

antiangiogenic therapy is used (1,16). Similarly, the absence of a statistically significant adverse-event 

difference in a small trial should not be interpreted as proof of equivalence or long-term safety. The 

limited sample sizes and short follow-up of many HHT trials mean that uncommon but clinically 

important harms may remain undetected. 

Risk of Bias, Certainty of Evidence, and Publication Bias 

The legacy RoB 1 assessment showed generally favorable judgments for randomization and blinding but 

frequent concerns regarding incomplete outcome data. Attrition is particularly important in rare-disease 

trials because even a small number of withdrawals can materially change precision and may introduce 

bias if dropout is related to treatment response or adverse effects. The presence of Simonds et al., a 

retrospective study, in the historical RoB matrix further illustrates why the legacy figure should be 

interpreted as a record of the analysis rather than a contemporary assessment of a purely randomized 

evidence set (34,38). 

The GRADE assessments ranged from moderate to very low certainty, which is consistent with the small 

number of trials, wide confidence intervals, outcome heterogeneity, and methodological limitations 

identified throughout the review (40,41). The TXA, timolol, and estrogen outcomes were generally 

graded very low in the legacy assessment, while several bevacizumab outcomes were graded moderate 

or low. These categories should nevertheless be interpreted cautiously because the GRADE tables 

themselves were produced from the evidence subset and were not regenerated after the audit. 

The funnel plots should likewise be regarded as descriptive only. None of the drug-specific comparisons 

approached the number of studies usually required for meaningful evaluation of funnel-plot asymmetry, 

and apparent asymmetry in sparse plots may reflect chance, heterogeneity, or differences in precision 

rather than publication bias (39). 

Clinical Implications 

The clinical implications of this review are best understood within a stepped and individualized HHT 

treatment framework. The Second International HHT Guidelines recommend nasal humidification and 

moisturizing topical measures as initial management, followed by oral TXA for persistent epistaxis and 

escalation to ablative procedures, systemic antiangiogenic therapy, septodermoplasty, or nasal closure 

according to disease severity, prior response, and patient preference (1). The findings of the present 

review do not justify replacing this individualized framework with a universal pharmacological 

hierarchy. 

For patients with mild-to-moderate epistaxis, the evidence supports consideration of less invasive 

pharmacological approaches while acknowledging that treatment response is variable and that topical 

formulations often have limited trial-level superiority over placebo. Oral TXA has the strongest 

guideline-supported role among the older systemic hemostatic options despite heterogeneous trial 

results (1,18,27,43). Beta-blocker therapies may provide symptomatic benefit in selected patients, 

particularly when ESS is a clinically relevant target, but the current trials remain too small to establish 

a definitive class effect (22-24,52). Hormonal and anti-estrogen approaches should be interpreted by 

agent and patient context rather than pooled as a single category (19,45,48,49). 

For more severe bleeding phenotypes, especially when recurrent epistaxis contributes to iron-deficiency 

anemia, transfusion requirement, or substantial quality-of-life impairment, the expanding evidence for 

systemic antiangiogenic or immunomodulatory therapy becomes increasingly relevant (1,16,28). PATH-

HHT provides particularly important randomized support for pomalidomide, while systemic 
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bevacizumab remains supported by a combination of randomized and broader clinical evidence in 

selected severe HHT populations (16,28,47). These therapies require consideration of systemic toxicity, 

comorbidity, monitoring burden, and treatment goals and therefore should not be presented as 

interchangeable first-line options. 

Strengths of the Review 

This review has several strengths. First, it evaluates multiple clinically relevant dimensions of HHT 

epistaxis rather than relying on a single bleeding endpoint, including frequency, duration, ESS, 

hemoglobin concentration, and adverse events. Second, results narrative links with the actual forest 

plots, including the bevacizumab ESS estimate. Third, it transparently distinguishes the quantitative 

synthesis from the contextual evidence update, avoiding the misleading implication that newly 

identified randomized trials contributed to analyses that were not rerun. Fourth, the interpretation 

integrates risk of bias, heterogeneity, GRADE certainty, and the limitations of sparse funnel plots rather 

than treating statistical significance as the sole determinant of evidence quality (30,32,39-41). 

An additional strength is the use of primary randomized evidence to contextualize treatment-specific 

conclusions. This is particularly important in HHT because route, formulation, crossover design, 

adjunctive procedures, and outcome definitions vary substantially across trials. The audit therefore 

improves clinical interpretability even though it does not alter the preserved numerical meta-analysis 

(18-29,42-52). 

Limitations 

The most important limitation is that the meta-analysis itself could not be rerun after the evidence audit. 

Consequently, additional eligible randomized trials are not incorporated into the forest plots, pooled 

effect estimates, heterogeneity statistics, or GRADE tables. The quantitative estimates should therefore 

be interpreted as the results of the historical analytical subset rather than a complete quantitative 

synthesis of all randomized pharmacological evidence available by the final search date. 

Second, one retrospective comparative study, Simonds et al., was included in the quantitative dataset and 

appears in the historical risk-of-bias matrix and bevacizumab safety figure (34). Because the analysis 

could not be regenerated, this study could not be removed without altering the figures. Its presence 

reduces the methodological purity of the legacy randomized evidence set and limits interpretation of 

pooled safety and risk-of-bias results in which it appears. 

Third, the search strategy was relatively simple, was limited to English-language publications, and 

produced a PRISMA flow in which the explicitly listed full-text exclusion reasons did not account for all 

excluded reports. The evidence clarified these issues but could not reconstruct every historical screening 

decision. The subsequent identification of additional randomized trials confirms that the quantitative 

subset was incomplete. Although the audit improves contextual completeness, it is not equivalent to 

rerunning the full systematic search and screening workflow from inception (30,31). 

Fourth, the legacy meta-analysis included crossover and multi-arm studies whose source-native 

statistical structures differ from conventional independent parallel-group comparisons. In addition, 

some medians and dispersion measures were transformed to approximate means and standard 

deviations for pooling. Such transformations can be useful but may be sensitive to skewed distributions, 

which are plausible for epistaxis frequency and duration. Shared placebo groups and within-participant 

correlation in crossover trials also require careful handling to avoid artificial precision (32,36). Because 

these analyses were not reconstructed, residual analytical uncertainty remains. 

Fifth, clinical and methodological heterogeneity was substantial. Drug route, dose, treatment duration, 

baseline epistaxis severity, follow-up interval, background procedures, and endpoint definitions varied 

across studies. The TXA analyses were especially heterogeneous, and route-oriented sensitivity analyses 
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did not consistently eliminate inconsistency. Heterogeneity also limits the meaning of an average pooled 

effect when individual treatment contexts differ clinically. 

Finally, many trials were small and short, limiting precision for efficacy and particularly for uncommon 

adverse events. Publication bias could not be assessed reliably because each drug-specific comparison 

contained far fewer than 10 studies (39). The legacy GRADE ratings therefore appropriately range from 

moderate to very low, and even statistically significant findings should be interpreted in the context of 

magnitude, precision, clinical relevance, and reproducibility (40,41). 

Implications for Future Research 

Future HHT epistaxis trials should prioritize adequately powered multicenter randomized designs, 

prospective registration, transparent statistical analysis plans, and standardized outcome definitions. ESS 

is useful because it captures several dimensions of disease burden, but it should be accompanied by 

objectively interpretable measures such as cumulative bleeding duration, episode frequency, 

hemoglobin, ferritin, intravenous iron requirement, red-cell transfusion burden, and HHT-specific 

quality of life (11-14). Core outcome harmonization would substantially improve the feasibility and 

validity of future meta-analysis. 

Future studies should also predefine clinically meaningful treatment thresholds and distinguish 

primary from supportive secondary outcomes. Route and formulation should be treated as potential 

effect modifiers rather than automatically combined. Crossover trials should report paired treatment 

effects and within-participant variance, while multi-arm trials should report data in a form that permits 

correct handling of shared controls. Longer follow-up is required to define durability of response and 

delayed toxicity, particularly for systemic antiangiogenic and immunomodulatory therapies. 

As the randomized evidence base expands, a fully updated systematic review should ultimately rerun 

the search, reconstruct the complete study-level dataset, apply contemporary outcome-specific risk-of-

bias assessment, and perform new quantitative synthesis using methods appropriate to parallel, 

crossover, and multi-arm designs. Such an update would allow the newer systemic therapies to be 

compared formally with the older topical and repurposed interventions rather than being confined to 

narrative contextualization. 

CONCLUSION 

The preserved meta-analysis indicates that the older pharmacological evidence for HHT-related epistaxis 

is characterized more by uncertainty and treatment-specific signals than by a single consistently effective 

therapy. Within the quantitative subset, bevacizumab did not significantly improve pooled epistaxis 

frequency, duration, hemoglobin concentration, or overall adverse-event risk, although it produced a 

small statistically significant reduction in ESS. TXA showed nonsignificant pooled effects with 

considerable heterogeneity, timolol did not demonstrate clear pooled hematological or safety superiority, 

and estrogen/estriol did not significantly reduce epistaxis frequency. These findings are consistent with 

the broader literature showing substantial heterogeneity in formulation, route, trial design, and outcome 

measurement (21,26,27,53). 

The evidence update substantially broadens this interpretation. Randomized evidence supports clinically 

relevant benefit from selected therapies, including propranolol in a small trial and, most notably, 

pomalidomide in the larger PATH-HHT trial, while other interventions such as tacrolimus, doxycycline, 

and nintedanib have produced negative, inconclusive, or mixed primary results (22,25,28,29,50-52). 

Consequently, absence of statistical significance in the historical pooled analyses should not be 

interpreted as proof that pharmacological treatment is ineffective; rather, treatment effects appear to 

depend on drug mechanism, route, disease severity, outcome definition, and patient selection. 
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Clinical management should therefore remain individualized and aligned with contemporary HHT 

guidance, progressing from conservative nasal care and oral antifibrinolytic therapy toward local 

procedures or systemic antiangiogenic/immunomodulatory treatment according to bleeding severity, 

hematological consequences, prior response, comorbidity, and patient preference (1,16). The pooled 

estimates should be regarded as an exploratory synthesis of a historical quantitative subset, whereas the 

newer randomized evidence signals a transition toward better powered, mechanism-directed systemic 

treatment. A future fully updated meta-analysis that reconstructs the complete randomized dataset will 

be necessary to provide definitive comparative estimates across this rapidly evolving therapeutic 

landscape. 
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