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Abstract
Background: Resuscitative endovascular balloon occlusion of the aorta (REBOA) is an established intervention for noncompressible torso hemorrhage, but complete aortic occlusion carries risks of distal ischemia and end-organ injury. Partial REBOA (pREBOA) has emerged as a technique to maintain some distal perfusion while providing proximal hemodynamic support. This systematic review update evaluates clinical evidence published since the 2021 Russo et al systematic review comparing partial versus complete REBOA outcomes.
Methods: A targeted literature search of PubMed/MEDLINE, OVID, and Scopus identified clinical studies published between January 2021 and February 2026 examining partial versus complete REBOA in adult trauma patients requiring Zone 1 aortic occlusion. Five studies meeting inclusion criteria were analyzed for mortality, acute kidney injury, and resuscitation outcomes.
Results: Five studies encompassing over 2400 trauma patients were included. The largest registry analysis (Dewey et al; n=921) demonstrated that partial REBOA was associated with significantly lower mortality compared to complete REBOA (adjusted hazard ratio [HR], 1.18 for cREBOA vs pREBOA; 95% CI, 1.01-1.39; P=.04). A second registry analysis (Meyer et al; n=955) found that pREBOA was associated with 27.8% fewer packed red blood cell transfusions (P=0.001) and 50% less crystalloid use (P<0.001). One single-center study (Hunt et al; n=68) reported significantly lower acute kidney injury rates with pREBOA (6.7% vs 34.0%; P<0.05). However, not all studies demonstrated mortality differences, and the evidence remains limited by observational designs.
Conclusions: Emerging clinical evidence suggests partial REBOA may offer advantages over complete occlusion, including reduced mortality, lower blood product requirements, and decreased acute kidney injury. However, all available studies are observational, and independently-funded randomized controlled trials are needed to establish definitive clinical recommendations.



Introduction
Noncompressible torso hemorrhage remains a leading cause of preventable death in trauma patients. Resuscitative endovascular balloon occlusion of the aorta (REBOA) is a less invasive alternative to resuscitative thoracotomy for temporary hemorrhage control in patients with hemorrhagic shock.¹ By occluding the aorta proximal to the site of injury, REBOA increases central aortic pressure and reduces distal blood loss, providing a bridge to definitive surgical intervention.
However, complete aortic occlusion carries significant physiologic consequences. Prolonged occlusion leads to distal ischemia, accumulation of ischemic metabolites, and upon balloon deflation, an ischemia-reperfusion injury that can result in multiorgan dysfunction, acute kidney injury, and death.¹ These concerns have created particular interest in partial REBOA (pREBOA), a technique that allows controlled blood flow past the balloon to maintain some distal perfusion while still augmenting proximal pressure.
In 2021, Russo et al published a systematic review of the preclinical and clinical literature on partial REBOA.¹ That review concluded that pREBOA demonstrated physiologic advantages in animal models, including reduced lactate accumulation and improved distal organ perfusion, but noted that human clinical data were limited. Since that publication, several clinical studies have been completed that further examine partial versus complete REBOA in trauma populations.
The purpose of this systematic review update is to synthesize clinical evidence published after the Russo et al review¹ to address the following PICO question: In adult trauma patients requiring Zone 1 (supraceliac) aortic occlusion for noncompressible torso hemorrhage, does partial REBOA compared to complete REBOA reduce mortality and acute kidney injury while extending safe occlusion time?

Methods
Search Strategy
This systematic review update was conducted to identify clinical studies published after the Russo et al systematic review¹ examining partial versus complete REBOA in trauma patients. A targeted literature search was performed using PubMed/MEDLINE, OVID, and Scopus for studies published between January 1, 2021 and February 15, 2026. Search terms included "partial REBOA," "pREBOA," "resuscitative endovascular balloon occlusion of the aorta," and "Zone 1 REBOA." Reference lists of identified articles were manually reviewed to identify additional relevant publications. This approach was selected to focus on studies directly addressing the PICO question rather than conducting an exhaustive systematic search.
Eligibility Criteria
Studies were included if they met the following criteria: (1) human clinical studies involving adult trauma patients (age ≥18 years); (2) patients requiring Zone 1 aortic occlusion for noncompressible torso hemorrhage or hemorrhagic shock; (3) reported outcomes comparing partial REBOA to complete REBOA, or reported outcomes specific to partial REBOA technique; and (4) reported at least one of the following outcomes: mortality, acute kidney injury, occlusion time, or blood product utilization. Studies were excluded if they: (1) were animal or cadaver studies; (2) were case reports with fewer than 5 patients; (3) did not differentiate between partial and complete occlusion techniques; (4) focused exclusively on Zone 3 REBOA; (5) were review articles, editorials, or commentaries without original data; or (6) were published in a language other than English.
Study Selection
Five clinical studies meeting the inclusion criteria were identified through the targeted search and included in the final analysis: Dewey et al,² Meyer et al,³ Lendrum et al,⁴ Gomez et al,⁵ and Hunt et al.⁶ Additionally, the Fleeher et al network meta-analysis⁷ was reviewed to provide supplementary context but was not included as a primary study due to its methodological design as a meta-analysis rather than original clinical research.
Data Extraction
The following data were extracted from each included study: author, year of publication, study design, sample size, patient population characteristics, intervention (partial vs complete REBOA), comparator, occlusion zone, occlusion time, primary outcomes (mortality, acute kidney injury, occlusion time), secondary outcomes (blood product utilization, complications), and key findings. Conflicts of interest disclosures were extracted directly from each included study.
Quality Assessment and Data Synthesis
Included studies were critically appraised based on study design characteristics including presence of a meaningful comparison group, use of clinically relevant endpoints, adequacy of patient follow-up, accounting for all enrolled patients, and reporting of safety outcomes. Studies were categorized by design type (prospective vs retrospective, single-center vs multicenter, registry-based vs independent cohort) to contextualize the strength of evidence.
A narrative synthesis was conducted, summarizing findings across studies and evaluating the consistency of evidence regarding mortality, acute kidney injury, and occlusion time outcomes. Results were organized by outcome measure and compared to findings from the Russo et al systematic review.¹
Limitations of Search Methodology
This review utilized a targeted search strategy rather than a comprehensive systematic search across multiple databases. As such, relevant studies may have been missed. This approach was appropriate for the purpose of updating the Russo et al systematic review¹ with key clinical studies that have emerged since January 2021.

Results
Study Selection
Through targeted literature searching of PubMed/MEDLINE, OVID, and Scopus and manual review of reference lists, 5 clinical studies published after the Russo et al systematic review¹ were identified that met the inclusion criteria. These studies were selected based on their direct relevance to the PICO question comparing partial versus complete REBOA in adult trauma patients requiring Zone 1 aortic occlusion. The Fleeher et al network meta-analysis⁷ was reviewed for supplementary context but was not included as a primary study given its design as a meta-analysis rather than original clinical research.
Study Characteristics
The five included studies were published between 2023 and 2025. Study designs included two retrospective multicenter registry analyses (Dewey et al,² Meyer et al³), one prospective prehospital observational study (Lendrum et al⁴), one retrospective single-center cohort study (Hunt et al⁶), and one retrospective multicenter registry analysis examining occlusion patterns (Gomez et al⁵). All studies were conducted in trauma populations with hemorrhagic shock requiring aortic occlusion. Geographic settings included the United States, United Kingdom, and international multicenter collaborations. Table 1 summarizes the characteristics of the five included studies.
Table 1. Study Characteristics
	Study
	Design
	N
	Population
	Intervention vs Comparator
	Primary Findings
	Key Limitations

	Dewey et al (2025)
	Retrospective multicenter registry (AORTA)
	921
	Adult trauma, Zone 1 occlusion for hemorrhagic shock
	pREBOA (n=84) vs cREBOA (n=224) vs ED thoracotomy (n=613)
	cREBOA associated with higher mortality vs pREBOA (adjusted HR, 1.18; 95% CI, 1.01-1.39; P=.04); No significant AKI
	Registry-based, selection bias, survivor bias in AKI analysis (>48h survivors only)

	Meyer et al (2025)
	Retrospective multicenter registry (AORTA)
	955
	Adult trauma requiring endovascular occlusion
	pREBOA (n=155) vs ER-REBOA (n=800)
	27.8% fewer PRBCs (P=.001), 50% less crystalloid (P<0.001), 37 min faster to definitive control (P=.001); No significant mortality difference (P=.655)
	Registry-based, limited pREBOA center availability, selection bias

	Lendrum et al (2023)
	Prospective prehospital observational
	16
	Adult trauma with suspected exsanguinating subdiaphragmatic hemorrhage, median ISS ~50 (39-57)
	Prehospital pREBOA (attempted n=14, successful n=11)
	Demonstrated technical feasibility of prehospital REBOA; No comparative outcome data
	Very small sample, single prehospital service, feasibility design (IDEAL 2A), no comparator

	Gomez et al (2023)
	Retrospective multicenter registry (AORTA)
	513
	Adult trauma, Zone 1 REBOA for hemorrhagic shock
	Titratable occlusion (n=48) vs complete occlusion (n=465)
	Titratable devices allowed longer occlusion times; No significant mortality or AKI difference
	Registry-based, no randomization, missing occlusion time data, practice variation

	Hunt et al (2023)
	Retrospective single-center cohort
	68
	Hypotensive trauma (SBP<90), Level I center
	pREBOA (n=15) vs ER-REBOA (n=53)
	AKI significantly lower with pREBOA (6.7% vs 34.0%; P<0.05); No mortality difference (26.7% vs 26.4%; P=1.0)
	Small sample, single-center, limited pREBOA device availability, incomplete physiologic documentation



Mortality Outcomes
Three studies reported comparative mortality data between partial and complete REBOA. Dewey et al² analyzed 921 patients from the AORTA registry, including 84 partial REBOA, 224 complete REBOA, and 613 emergency department thoracotomy patients. Overall mortality in the cohort was 83.1%. After adjustment for injury severity score, traumatic brain injury, admission systolic blood pressure, admission year, and cardiopulmonary resuscitation status, complete REBOA was associated with higher mortality compared to partial REBOA (adjusted HR, 1.18; 95% CI, 1.01-1.39; P=.04). Emergency department thoracotomy was associated with even higher mortality compared to partial REBOA (adjusted HR, 1.45; 95% CI, 1.21-1.73; P<0.0001). 
Meyer et al³ analyzed 955 patients from the AORTA registry, including 155 pREBOA and 800 ER-REBOA patients. Mortality occurred in 54.2% of pREBOA patients and 56.0% of ER-REBOA patients, with no statistically significant difference (P=.655). Adjusted analyses also did not demonstrate a significant mortality difference between groups. Hunt et al⁶ reported mortality in 68 hypotensive trauma patients, including 15 pREBOA and 53 ER-REBOA patients. Mortality was 26.7% (4/15) in the pREBOA group and 26.4% (14/53) in the ER-REBOA group, with no statistically significant difference (P=1.0). Gomez et al⁵ analyzed 513 patients with Zone 1 REBOA from the AORTA registry, including 48 patients treated with purpose-built titratable occlusion devices (ie pREBOA-PRO) and 465 with complete occlusion devices. Overall, 288 patients died. Mortality rates were not significantly different between titratable and complete occlusion groups. Lendrum et al⁴ reported outcomes in 16 prehospital trauma patients but did not provide comparative mortality data between partial and complete REBOA, as the study focused on feasibility of prehospital REBOA placement. The Fleeher et al network meta-analysis⁷ provided additional context by comparing REBOA techniques to other surgical interventions for noncompressible torso hemorrhage, though it did not specifically compare partial versus complete REBOA outcomes. Fleeher et al focused more specifically on lower mortality associated with general REBOA procedures when compared to resuscitative thoracotomy.
Acute Kidney Injury Outcomes
Three studies reported acute kidney injury outcomes. Hunt et al⁶ found a statistically significant difference in AKI rates: 6.7% (1/15) in the pREBOA group versus 34.0% (18/53) in the ER-REBOA group (P<0.05). Dewey et al² reported AKI among patients surviving longer than 48 hours. AKI occurred in 23.7% overall, including 23.7% in the pREBOA group, 21.0% in the cREBOA group, and 29.7% in the EDT group. There was no statistically significant difference between groups. Approximately one-third of patients with AKI required dialysis. Gomez et al⁵ reported that AKI occurred in 155 patients among those surviving to operative or interventional management. Titratable occlusion devices were not associated with significant differences in AKI compared with complete occlusion devices. Meyer et al³ reported AKI in 16.1% of pREBOA patients versus 22.9% of ER-REBOA patients, though statistical significance for this comparison was not explicitly reported. To supplement these findings, it was noted that Fleeher et al found that pREBOA showed significant reduction in AKI compared to complete REBOA (odds ratio (OR) of 0.27; 95% CI: 0.09-0.81).
Blood Product Utilization
Meyer et al³ provided the most detailed analysis of resuscitation requirements. Patients treated with pREBOA required significantly fewer blood products within the first 24 hours. Median packed red blood cell transfusion was 13 units in the pREBOA group versus 18 units in the ER-REBOA group (27.8% reduction; P=.001). Fresh frozen plasma use was 11 versus 14 units (21.4% reduction; P=.038). Platelet transfusion was 3 versus 6 units (50% reduction; P<0.001). Crystalloid use was 2 L versus 4 L (50% reduction; P<0.001). Time to definitive hemorrhage control was also shorter in the pREBOA group by approximately 37 minutes (P=.001).
Occlusion Time
Gomez et al⁵ reported that median total occlusion time was approximately 32 minutes and median Zone 1 occlusion time was approximately 40 minutes across the cohort. Titratable occlusion devices were associated with longer occlusion times compared to complete occlusion devices, though specific comparative values were not provided. Patterns of occlusion included complete-to-partial transition (approximately 42%) and partial-only occlusion (approximately 34%). Dewey et al² noted that occlusion times tended to be shorter with complete REBOA compared with partial REBOA, although this difference did not reach statistical significance.
Other Complications
Meyer et al³ reported lower rates of ARDS (5.8% vs 11.4%; P=.027) and septic shock (3.9% vs 9.4%; P=.014) in the pREBOA group compared to ER-REBOA. Dewey et al² evaluated complications including acute lung injury, sepsis, and vascular access complications, which were uncommon and did not significantly differ between endovascular techniques. Hunt et al⁶ reported amputation rates of 6.7% in the pREBOA group versus 3.8% in the ER-REBOA group, with no statistically significant difference (P=.6).
Feasibility of Prehospital Partial REBOA
Lendrum et al⁴ evaluated the feasibility of prehospital REBOA in 16 trauma patients with suspected exsanguinating subdiaphragmatic hemorrhage. REBOA was attempted in 14 patients and successful aortic balloon inflation occurred in 11. The study population had high injury severity (median ISS approximately 50) and profound hypotension (median SBP approximately 47 mm Hg prior to REBOA). The study demonstrated that prehospital REBOA placement is technically feasible but did not provide comparative outcome data. Outcomes of the studies included are summarized in Table 2.
Table 2. Outcome Summaries
	Study
	Mortality (pREBOA vs cREBOA)
	AKI (pREBOA vs cREBOA)
	Blood Products 
	Time Occlusion
	Other Complications

	Dewey et al (2025)
	Lower with pREBOA (adjusted HR, 1.18 for cREBOA; P=.04)
	23.7% vs 21.0% (NS)
	Not reported
	Nonsignificant difference but shorter with cREBOA 
	No significant differences in ALI, sepsis, vascular complications

	Meyer et al (2025)
	54.2% vs 56.0% (P=.655, NS)
	16.1% vs 22.9% (significance not reported)
	pREBOA: 13 vs 18 units PRBC (P=.001); 3 vs 6 units platelets (P<0.001); 2L vs 4L crystalloid (P<0.001)
	37 min faster to definitive control with pREBOA (P=.001)
	ARDS 5.8% vs 11.4% (P=.027); Septic shock 3.9% vs 9.4% (P=.014)

	Lendrum et al (2023)
	Early survival observed in some patients but high late mortality due to injury severity
	Reported as a complication but not statistically analyzed
	Not reported
	Focused on titrated partial occlusion using distal pressure monitoring, not fixed occlusion time
	MODS, ARDS, intestinal ischemia, access failure, traumatic injury

	Gomez (2023)
	No significant difference
	Lower with pREBOA but not statistically significant
	Not reported
	Longer with pREBOA (44 vs 32 min, p = 0.017)
	AKI measured; ischemia-related complications discussed conceptually

	Hunt et al (2023)
	No significant difference
	6.7% vs 34.0% (P<0.05)
	Not reported
	Not reported
	Amputation 6.7% vs 3.8% (P=.6, NS)



Discussion
This systematic review update synthesizes clinical evidence published since the 2021 Russo et al systematic review¹ examining partial versus complete REBOA in trauma patients with noncompressible torso hemorrhage. The findings suggest that partial REBOA may offer clinical advantages over complete occlusion, though the evidence remains limited by observational study designs and lack of randomized control trials. 
The most compelling mortality data comes from Dewey et al,² which demonstrated that partial REBOA was associated with significantly lower mortality compared to both complete REBOA (adjusted HR, 1.18; P=.04) and emergency department thoracotomy (adjusted HR, 1.45; P<0.0001) after adjustment for key confounders. This represents the largest comparative analysis to date and provides the strongest evidence supporting a mortality benefit with partial occlusion. However, Meyer et al³ and Hunt et al⁶ did not find statistically significant mortality differences between partial and complete REBOA, highlighting inconsistency across studies. These discrepancies may reflect differences in patient populations, institutional expertise, and/or statistical power.
Regarding acute kidney injury, the evidence is mixed. Hunt et al⁶ found a striking difference in AKI rates favoring partial REBOA (6.7% vs 34.0%; P<0.05), which aligns with the physiologic rationale that maintaining distal perfusion should reduce ischemic organ injury. However, Dewey et al² and Gomez et al⁵ did not find significant differences in AKI between occlusion techniques. The restriction of AKI analysis to patients surviving more than 48 hours in the Dewey study introduces survivor bias that may obscure true differences in the data.
The Meyer et al³ analysis provides novel evidence regarding resuscitation requirements. The finding that partial REBOA was associated with 27.8% fewer packed red blood cell transfusions, 50% fewer platelets, and 50% less crystalloid suggests that maintaining distal perfusion may improve overall hemodynamic stability and reduce the metabolic derangements associated with complete occlusion. The shorter time to definitive hemorrhage control in the pREBOA group further supports this interpretation.
The Gomez et al⁵ study provides important data on occlusion patterns and timing. The finding that titratable devices such as pREBOA-PRO allow longer occlusion times without increased complications supports the theoretical advantage of partial occlusion in extending the safe window for definitive intervention. However, the lack of mortality or AKI differences in this analysis tempers enthusiasm for this conclusion.
The Lendrum et al⁴ feasibility study demonstrates that prehospital REBOA is technically achievable in critically injured patients, expanding the potential application of this technology to the earliest phases of trauma care. However, the small sample size and lack of comparative data limit conclusions about clinical benefit. In order to prove further benefit from prehospital implementation, further research is needed.
The Fleeher et al network meta-analysis⁷ provides broader context by comparing REBOA to other surgical techniques for noncompressible torso hemorrhage including pREBOA, complete REBOA, resuscitative thoracotomy, pelvic angioembolization, preperitoneal packing, and open aortic occlusion. While this analysis did not specifically address partial versus complete REBOA, it supports the overall utility of endovascular occlusion techniques in this patient population.
Several limitations must be acknowledged. All included studies are observational, and none are randomized controlled trials. Selection bias is a significant concern, as the choice between partial and complete REBOA may be influenced by patient factors, institutional protocols, or operator experience. The AORTA registry studies (Dewey et al,² Meyer et al,3 Gomez et al⁵) may have overlapping patient populations, though the specific methods, inclusion and exclusion criteria, and analyses differ. Definitions of partial REBOA varied across studies, with some using specific devices (pREBOA catheter) and others using titratable techniques with various catheters. Additionally, the targeted search strategy may have missed relevant publications. Finally, considerations must be made regarding the challenges associated with conducting research on patients who are critically injured and due to traumatic causes. 
The substantial financial relationships between study authors and REBOA device manufacturers identified in this systematic review should be considered carefully when interpreting the findings. All five included studies disclosed financial ties to Prytime Medical, the manufacturer of the pREBOA-PRO catheter, with several authors receiving research grants, honoraria for educational lectures, travel support, or serving on advisory boards. Additionally, multiple studies were conducted at trauma centers participating in the limited market release of the FDA-approved pREBOA-PRO catheter as part of Centers of Excellence programs. These industry relationships are particularly concerning given that industry-sponsored device studies are significantly more likely to report favorable outcomes and conclusions compared to non-industry sponsored studies. Additionally, research specific to REBOA literature has shown that 88% of studies with industry payments had inaccurate conflict of interest disclosures.8-10 While the disclosed conflicts do not invalidate the findings, they introduce potential for bias in study design, patient selection, outcome reporting, and interpretation of results. The consistent direction of findings favoring partial REBOA across multiple studies with overlapping authorship and shared industry relationships emphasizes the critical need for independent replication by investigators without financial ties to device manufacturers. Until confirmatory evidence from randomized controlled trials with diverse funding sources becomes available, clinicians should interpret these observational findings with caution, recognizing both the potential clinical benefits suggested by the data and the limitations imposed by prevalent industry involvement in REBOA research.
Compared to the 2021 Russo et al systematic review,¹ which relied primarily on animal data and limited human case series, the current evidence base has expanded substantially. The availability of large registry analyses with adjusted outcomes represents a significant advancement. However, the fundamental limitation identified by Russo et al¹, the absence of randomized controlled trials, persists.

Conclusion
This systematic review update identifies emerging clinical evidence suggesting that zone 1 partial REBOA may offer advantages over complete aortic occlusion in trauma patients with noncompressible torso hemorrhage. The largest registry analysis demonstrated significantly lower mortality with partial REBOA compared to complete REBOA after adjustment for confounders.² Additional studies suggest benefits including reduced blood product requirements,³ lower rates of acute kidney injury,⁶ and decreased complications such as ARDS and septic shock.³ However, not all studies demonstrated consistent benefits, and the evidence remains limited by observational designs, potential selection bias, pervasive financial conflicts of interest with device manufacturers, and heterogeneity in patient populations and outcome definitions.
Based on the available evidence, partial REBOA may improve survival and reduce complications, but definitive conclusions are limited by observational data and industry influence. The physiologic rationale for maintaining distal perfusion is sound, and the clinical data are increasingly supportive. However, definitive recommendations await results from independent randomized controlled trials with diverse funding sources. Until such data are available, the choice between partial and complete REBOA should be guided by institutional protocols, operator experience, and individual patient factors.
Future research priorities include prospective randomized trials comparing partial versus complete REBOA conducted by investigators without financial ties to REBOA device manufacturers, standardization of partial occlusion techniques and definitions among trauma centers, identification of optimal target distal pressures, and evaluation of long-term outcomes including renal function and post-procedural quality of life.
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