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Introduction. 

Pelvic ring, thoracic and abdominal injuries are often seen in young adults with polytrauma presenting 

in a state of shock being at an increased risk of morbidity and mortality (1-6).   



 2 

Hemorrhage is the main cause of preventable death in both military and civilian trauma patients, thus 

affecting a young and otherwise healthy population (7-12). This fact remains unchanging despite 

heterogeneity of the samples reported in terms of trauma event, injury pattern and care resources 

available. Most of these patients perish by Non-Compressible Torso Hemorrhage (NCTH) (13). The 

definition and management of this picture is constantly evolving. Many techniques have been 

developed in an effort to deal with the high mortality encountered; Resuscitative Endovascular 

Balloon Occlusion of the Aorta (REBOA) being one of the most promising practices. Arisen from 

the field of great vessels surgery, this procedure has developed into an efficient tool in hemorrhage 

control and resuscitation. It offers a less invasive approach for the salvage of the most severely injured 

in comparison to resuscitative thoracotomy (RT), which may explain the increased uptake of this 

technique  in many emergency departments (14,15). 

 

Physiological effects of the aortic occlusion: proximal and distal concerns. 

Numerous clinical and preclinical studies support the utility of REBOA in restoring hemodynamics 

in the context of hemorrhagic shock (15-22). Nonetheless, physiological tolerance to aortic occlusion 

is related to the metabolic and vascular impact in the areas proximal and distal to the balloon. Those 

effects have been described in animal models. 

Ischemia of the tissues distal to the occlusion triggers the elevation in cytokines concentration. After 

balloon deflation, its distribution throughout the circulatory system may thrust the Systemic 

Inflammatory Response Syndrome (SIRS), leading to increased resuscitation requirements and 

progression to Acute Respiratory Distress Syndrome (ARDS) (23). Hypoxia activates the anaerobic 

metabolism of the cells, thus increasing lactate levels and contributing to the lethal triad of 

hypothermia, acidosis and coagulopathy (17,14,25). This tendency has, however, shown to be less 

severe in REBOA than in RT in a swine model (18). Histologic evidence of visceral lesion due to 

hypoperfusion has been inconsistently reported and its functional impact is actually unknown 
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(17,22,25,26). It does seem to be a relationship between spinal cord ischemia and neurological 

dysfunction in REBOA, being more probable and severe with proximal occlusion (21). The 

magnitude of all the aforementioned effects is proportional to the time of occlusion. 

Experimental research has demonstrated an increase in arterial pressure above the baseline in the 

areas proximal to the balloon (22,26). It could be mediated by the restriction of arterial tree and the 

effect of circulating catecholamines and has a potential of harm to myocardial perfusion and 

respiratory function, besides a raised intracranial pressure. This last issue is of particular importance, 

since many candidates for REBOA sustain a brain injury (9–11). Thus, redistribution of the excess of 

output in the areas proximal to the balloon while some degree of distal perfusion is maintained is of 

paramount importance. The inherent limitations of animal trials highlight the need for further clinical 

investigations to assess these concerns. Several methods have been developed to mitigate these effects 

including intermittent balloon deflation (27); Others, being still laboratory focused consist of partial 

occlusion of the aorta (22) and establishment of an arterial shunt from above to below the balloon 

(28). 

 

Outcomes, features and keys for success. 

Survival rates of trauma patients undergoing REBOA from available studies (USA, Japan and 

Europe) range from 13% to 67% (14–16,18,20,27,29–34). Unfortunately, there are huge 

discrepancies in methodology, inclusion criteria and interventions. Recently, a multicenter REBOA 

registry has been created (15) and in time may produce interesting data which may clarify the role of 

this technique in modern resuscitation and, even, its advantage over RT. 

The main predictors of mortality in REBOA are the severity of injury and the duration of occlusion 

(16,20,31,34), which  are not independent of each other. Patients in poor conditions are likely to 

present higher resuscitation requirements, being occluded earlier. Greater complexity of lesions 

entails longer treatments, delaying the release of occlusion. Additionally, the dramatic improvement 
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of hemodynamics may bring about a false sense of security that sets back decision-making and leads 

to unnecessary further examinations. Several authors have raised concerns about safety of REBOA 

(32,33), showing an increased mortality with the use of this tool. Maybe the poor prognosis that they 

found is the product of a non-ideal scenario. In these works the times of occlusion were long, probably 

due to singularities of infrastructure and staff. Thus, the impact of ischemia was severe. This 

demonstrates that the use of REBOA should always be coordinated with other resuscitative efforts, 

focusing the resources on the rapid achievement of definitive hemostasis.  

 

There is good evidence from animal models that prolonged aortic occlusion of greater than 60 minutes 

will have a substantial systemic effect on cord perfusion and a poor outcome (17,21,23,25) Further 

work is, however, required to translate these finding into the clinical setting, but it appears that 40 

minutes maybe an appropriate cut off time 

Systemic complications have been reported and include multisystem organ failure, acute kidney 

injury and ARDS (15,31). However, it is impossible to assess the contribution of REBOA and or 

trauma to the development of these complications. REBOA is directly associated with femoral artery 

injury (with or without ischemia and amputation), embolism, device malposition (catheter exiting 

through an aortic lesion or placed in a non-desired position) and cord lesion; these globally ranging 

from 2% to 13% (15,30,31). 

Clinical guidelines highlight the primary role of RT for patients with  severe chest trauma (35). In 

this scenario, the advantages of RT include; (1)  evacuation of cardiac tamponade, (2) clamping of 

thoracic great vessels hemorrhage, (3) control of heart and hilium injuries and (4) direct cardiac 

massage. Current guidelines comprise the use of REBOA. In the future, a better knowledge and 

experience of use could expand its indications, even on cases in which a thoracotomy is indicated 

nowadays. A recent publication on autopsies revealed only 32% of subjects met clinical criteria for 

REBOA, instead of 54% that could benefit based on anatomical findings (36). 
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Available data disagree in asserting superiority of REBOA over RT in terms of survival (14,15). 

However, the studies agree that REBOA controls better the hemorrhage. There’s a risk of bias related 

to the use of balloon in less critical patients. The lesser aggresivity of this technique pushes doctors 

to its early application, even prophylactically in patients that may fall into shock (30). Besides, release 

of occlusion is more progressive in REBOA, thus avoiding shock relapse. Even in this case, deflation 

should be preceded by intensification of resuscitation medical maneuvers. 

 

Three different zones for occlusion have been described in REBOA (37). Zone I occlusion (from the 

left subclavian artery to the celiac trunk) is recommended for abdominal hemorrhage and zone III 

(distal to the lowest renal artery) for pelvic hemorrhage, like in unstable pelvic ring fractures (35). 

Zone II is a visceral territory that should be avoided. In comparison to RT, REBOA allows for more 

selective circulatory exclusion, theoretically decreasing the chance of systemic compromise. Most of 

REBOA procedures reported occluded the aorta in zone I (14,15). To date, the occlusion of one zone 

or either the other has not been comparatively studied. 

Deployment of the catheter can be carried out via an percutaneous arterial or open approach and 

placement undertake blindly or by image-guided techniques. Morphometric studies have proven the 

association of external corporal measurements, and other parameters, with the depth of insertion 

needed to deploy the balloon at the target site  (32,33) This supports the feasibility of an accurate 

deploy of the balloon by the only means of physical exam. Most studies  do not to use any imaging  

(16,18,20,31,34) and as such does not require either a vascular surgeon or interventional radiologist. 

There are, however reports of malposition (16,34) and bilateral femoral pulse abolition must be 

assessed in order to ensure total aortic occlusion (16). 

 

The future: who and where? 
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As the use of REBOA gains popularity, there is an increasing need for high fidelity training models 

and teaching programs. One of the main advantages of this technique is that it can be acquired in a 

reasonable time frame and without significant endovascular surgical (40,41). There is however a need 

for further innovation particularly in respect of (1) deployment without imaging, (2) small flexible 

delivery systems, (3) wifi haemodynamic data and (4) stable aortic position (19,26). 

Most of deaths in trauma patients take place in the prehospital setting (7–10). They are usually related 

to hemorrhage and could be preventable, which raises the question of deploying REBOA in the pre 

hospital setting (42,43). Recently, the world’s first prehospital REBOA was successfully performed 

by the London Air Ambulance crew (44). The patient sustained an exsanguinating hemorrhage due 

to pelvic ring fracture. REBOA III was safely inserted on the ground with the aid of ultrasonography. 

After achieving temporary hemostasis, the patient was transferred to hospital and finally survived the 

injuries (38). This case exemplifies the wide range of scenarios in which REBOA could have a role 

in resuscitation. 

 

Summary 

REBOA is a promising procedure that can save lives. It has temporary effects on hemostasis and 

hemodynamics, possessing the capacity to bridge the gap between shock and definitive care. The key 

for success is to achieve definitive hemostasis as soon as possible, for which focused resources are 

needed. Its great versatility and easy application makes REBOA accessible to many professionals and 

in different clinical scenarios. It is, however, a technique in its infancy and further clinical experience, 

better devices and formalized training/high fidelity models are required to assess its true role in 

modern resuscitation. Nonetheless based on the currently available information the following 

recommendations can be made: 

 Use of the most technical free techniques, according to individual training and resources 

available. 
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 Early insertion and inflation of the device in patients falling into shock, even on the 

prehospital setting. 

 Prophylactic insertion in borderline patients could be beneficial, permitting rapid inflation of 

the balloon when necessary. 

 Use of zone III REBOA in pelvic bleeding. Check bilateral femoral pulse abolition. 

 Minimize occlusion times to less than 40 minutes, putting aside unnecessary examinations 

and achieving definitive hemostasis as soon as possible (proper staff and infrastructure 

needed). 

 Hemodynamic parameters should be monitored in areas proximal to occlusion. 

 Intensification of other resuscitative options (volume replacement, vasoactive agents) before 

balloon deflation. 

 

References 
 
1. Wang H, Phillips JL, Robinson RD, Duane TM, Buca S, Campbell-Furtick MB, 
Jennings A, Miller T, Zenarosa NR, Delaney KA. Predictors of mortality among 
initially stable adult pelvic trauma patients in the US: Data analysis from the 
National Trauma Data Bank. Injury. 2015 Nov;46(11):2113-7.  
 
2. Ruatti S, Guillot S, Brun J, Thony F, Bouzat P, Payen JF, Tonetti J. Which 
pelvic ring fractures are potentially lethal? Injury. 2015;46(6):1059-63.  
 
3. O'Dochartaigh D, Douma M. Prehospital ultrasound of the abdomen and thorax changes trauma 
patient management: A systematic review. Injury. 2015 Nov;46(11):2093-102 
 
4. Strang SG, Van Imhoff DL, Van Lieshout EM, D'Amours SK, Van Waes OJ.  
Identifying patients at risk for high-grade intra-abdominal hypertension following trauma 
laparotomy. Injury. 2015 May;46(5):843-8. 
 
5. Krige JE, Kotze UK, Setshedi M, Nicol AJ, Navsaria PH. Prognostic factors, morbidity and 
mortality in pancreatic trauma: a critical appraisal of 432 consecutive patients treated at a Level 1 
Trauma Centre. Injury. 2015 May;46(5):830-6 
 
6. Burkhardt M, Kristen A, Culemann U, Koehler D, Histing T, Holstein JH, Pizanis A, Pohlemann 
T; TraumaRegister DGU; German Pelvic Injury Register.Pelvic fracture in multiple trauma: are we 
still up-to-date with massive fluid resuscitation? Injury. 2014 Oct;45 Suppl 3:S70-5. 
 
7. Eastridge BJ, Mabry RL, Seguin P, Cantrell J, Tops T, Uribe P, et al. Death on the  battlefield 

(2001-2011): implications for the future of combat casualty care. J Trauma Acute Care Surg. 



 8 

2012 Dec;73(6 Suppl 5):S431-437. 8.  Stannard A, Morrison JJ, Scott DJ, Ivatury RA, Ross 
JD, Rasmussen TE. The epidemiology of noncompressible torso hemorrhage in the wars in 
Iraq and Afghanistan. J Trauma Acute Care Surg. 2013 Mar;74(3):830–4.  

9.  Morrison JJ, Stannard A, Rasmussen TE, Jansen JO, Tai NRM, Midwinter MJ. Injury pattern 
and mortality of noncompressible torso hemorrhage in UK combat casualties. J Trauma Acute 
Care Surg. 2013 Aug;75(2 Suppl 2):S263-268.  

10.  Kleber C, Giesecke MT, Tsokos M, Haas NP, Buschmann CT. Trauma-related preventable 
deaths in Berlin 2010: need to change prehospital management strategies and trauma 
management education. World J Surg. 2013 May;37(5):1154–61.  

11.  Davis JS, Satahoo SS, Butler FK, Dermer H, Naranjo D, Julien K, et al. An analysis of 
prehospital deaths: Who can we save? J Trauma Acute Care Surg. 2014 Aug;77(2):213–8.  

12.  Morrison JJ, Yapp LZ, Beattie A, Devlin E, Samarage M, McCaffer C, et al. The 
epidemiology of Scottish trauma: A comparison of pre-hospital and in-hospital deaths, 2000 to 
2011. Surg J R Coll Surg Edinb Irel. 2016 Feb;14(1):1–6.  

13.  Morrison JJ, Rasmussen TE. Noncompressible torso hemorrhage: a review with contemporary 
definitions and management strategies. Surg Clin North Am. 2012 Aug;92(4):843–858, vii.  

14.  Moore LJ, Brenner M, Kozar RA, Pasley J, Wade CE, Baraniuk MS, et al. Implementation of 
resuscitative endovascular balloon occlusion of the aorta as an alternative to resuscitative 
thoracotomy for noncompressible truncal hemorrhage. J Trauma Acute Care Surg. 2015 
Oct;79(4):523-530-532.  

15.  DuBose JJ, Scalea TM, Brenner M, Skiada D, Inaba K, Cannon J, et al. The AAST 
Prospective Aortic Occlusion for Resuscitation in Trauma and Acute Care Surgery (AORTA) 
Registry: Data on contemporary utilization and outcomes of aortic occlusion and resuscitative 
balloon occlusion of the aorta (REBOA). J Trauma Acute Care Surg. 2016 Apr 5;  

16.  Martinelli T, Thony F, Decléty P, Sengel C, Broux C, Tonetti J, et al. Intra-aortic balloon 
occlusion to salvage patients with life-threatening hemorrhagic shocks from pelvic fractures. J 
Trauma. 2010 Apr;68(4):942–8.  

17.  Avaro J-P, Mardelle V, Roch A, Gil C, de Biasi C, Oliver M, et al. Forty-minute endovascular 
aortic occlusion increases survival in an experimental model of uncontrolled hemorrhagic 
shock caused by abdominal trauma. J Trauma. 2011 Sep;71(3):720-725-726.  

18.  Brenner ML, Moore LJ, DuBose JJ, Tyson GH, McNutt MK, Albarado RP, et al. A clinical 
series of resuscitative endovascular balloon occlusion of the aorta for hemorrhage control and 
resuscitation. J Trauma Acute Care Surg. 2013 Sep;75(3):506–11.  

19.  Scott DJ, Eliason JL, Villamaria C, Morrison JJ, Houston R, Spencer JR, et al. A novel 
fluoroscopy-free, resuscitative endovascular aortic balloon occlusion system in a model of 
hemorrhagic shock. J Trauma Acute Care Surg. 2013 Jul;75(1):122–8.  

20.  Irahara T, Sato N, Moroe Y, Fukuda R, Iwai Y, Unemoto K. Retrospective study of the 
effectiveness of Intra-Aortic Balloon Occlusion (IABO) for traumatic haemorrhagic shock. 
World J Emerg Surg WJES. 2015;10(1):1.  

21.  Long KN, Houston R, Watson JDB, Morrison JJ, Rasmussen TE, Propper BW, et al. 
Functional outcome after resuscitative endovascular balloon occlusion of the aorta of the 



 9 

proximal and distal thoracic aorta in a swine model of controlled hemorrhage. Ann Vasc Surg. 
2015 Jan;29(1):114–21.  

22.  Russo RM, Williams TK, Grayson JK, Lamb CM, Cannon JW, Clement NF, et al. Extending 
the golden hour: Partial resuscitative endovascular balloon occlusion of the aorta in a highly 
lethal swine liver injury model. J Trauma Acute Care Surg. 2016 Mar;80(3):372-378-380.  

23.  Morrison JJ, Ross JD, Markov NP, Scott DJ, Spencer JR, Rasmussen TE. The inflammatory 
sequelae of aortic balloon occlusion in hemorrhagic shock. J Surg Res. 2014 Oct;191(2):423–
31.  

24.  White JM, Cannon JW, Stannard A, Markov NP, Spencer JR, Rasmussen TE. Endovascular 
balloon occlusion of the aorta is superior to resuscitative thoracotomy with aortic clamping in 
a porcine model of hemorrhagic shock. Surgery. 2011 Sep;150(3):400–9.  

25.  Markov NP, Percival TJ, Morrison JJ, Ross JD, Scott DJ, Spencer JR, et al. Physiologic 
tolerance of descending thoracic aortic balloon occlusion in a swine model of hemorrhagic 
shock. Surgery. 2013 Jun;153(6):848–56.  

26.  Park TS, Batchinsky AI, Belenkiy SM, Jordan BS, Baker WL, Necsoiu CN, et al. 
Resuscitative endovascular balloon occlusion of the aorta (REBOA): Comparison with 
immediate transfusion following massive hemorrhage in swine. J Trauma Acute Care Surg. 
2015 Dec;79(6):930–6.  

27.  Ogura T, Lefor AT, Nakano M, Izawa Y, Morita H. Nonoperative management of 
hemodynamically unstable abdominal trauma patients with angioembolization and 
resuscitative endovascular balloon occlusion of the aorta. J Trauma Acute Care Surg. 2015 
Jan;78(1):132–5.  

28.  Williams TK, Neff LP, Johnson MA, Ferencz S-A, Davidson AJ, Russo RM, et al. Extending 
resuscitative endovascular balloon occlusion of the aorta: Endovascular variable aortic control 
in a lethal model of hemorrhagic shock. J Trauma Acute Care Surg. 2016 Aug;81(2):294–301.  

29.  Low RB, Longmore W, Rubinstein R, Flores L, Wolvek S. Preliminary report on the use of 
the Percluder occluding aortic balloon in human beings. Ann Emerg Med. 1986 
Dec;15(12):1466–9.  

30.  Gupta BK, Khaneja SC, Flores L, Eastlick L, Longmore W, Shaftan GW. The role of intra-
aortic balloon occlusion in penetrating abdominal trauma. J Trauma. 1989 Jun;29(6):861–5.  

31.  Saito N, Matsumoto H, Yagi T, Hara Y, Hayashida K, Motomura T, et al. Evaluation of the 
safety and feasibility of resuscitative endovascular balloon occlusion of the aorta. J Trauma 
Acute Care Surg. 2015 May;78(5):897–903; discussion 904.  

32.  Norii T, Crandall C, Terasaka Y. Survival of severe blunt trauma patients treated with 
resuscitative endovascular balloon occlusion of the aorta compared with propensity score-
adjusted untreated patients. J Trauma Acute Care Surg. 2015 Apr;78(4):721–8.  

33.  Inoue J, Shiraishi A, Yoshiyuki A, Haruta K, Matsui H, Otomo Y. Resuscitative endovascular 
balloon occlusion of the aorta might be dangerous in patients with severe torso trauma: A 
propensity score analysis. J Trauma Acute Care Surg. 2016 Apr;80(4):559-566-567.  



 10 

34.  Kunitatsu K, Ueda K, Iwasaki Y, Yamazoe S, Yonemitsu T, Kawazoe Y, et al. Outcomes of 
abdominal trauma patients with hemorrhagic shock requiring emergency laparotomy: efficacy 
of intra-aortic balloon occlusion. Acute Med Surg. 2016 Apr 1;n/a-n/a.  

35.  Joint Theater Trauma System. Resuscitative Endovascular Balloon Occlusion of the Aorta 
(REBOA) for Hemorrhagic Shock [Internet]. 2014 [cited 2016 Aug 19]. Available from: 
http://www.usaisr.amedd.army.mil/cpgs/REBOA_for_Hemorrhagic_Shock_16Jun2014.pdf 

36.  Joseph B, Ibraheem K, Haider AA, Kulvatunyou N, Tang A, O’Keeffe T, et al. Identifying 
potential utility of REBOA: An autopsy study. J Trauma Acute Care Surg. 2016 May 18;  

37.  Stannard A, Eliason JL, Rasmussen TE. Resuscitative endovascular balloon occlusion of the 
aorta (REBOA) as an adjunct for hemorrhagic shock. J Trauma. 2011 Dec;71(6):1869–72.  

38.  Stannard A, Morrison JJ, Sharon DJ, Eliason JL, Rasmussen TE. Morphometric analysis of 
torso arterial anatomy with implications for resuscitative aortic occlusion. J Trauma Acute 
Care Surg. 2013 Aug;75(2 Suppl 2):S169-172.  

39.  MacTaggart JN, Poulson WE, Akhter M, Seas A, Thorson K, Phillips NY, et al. Morphometric 
roadmaps to improve accurate device delivery for fluoroscopy-free resuscitative endovascular 
balloon occlusion of the aorta. J Trauma Acute Care Surg. 2016 Jun;80(6):941–6.  

40.  Villamaria CY, Eliason JL, Napolitano LM, Stansfield RB, Spencer JR, Rasmussen TE. 
Endovascular Skills for Trauma and Resuscitative Surgery (ESTARS) course: curriculum 
development, content validation, and program assessment. J Trauma Acute Care Surg. 2014 
Apr;76(4):929-935-936.  

41.  Brenner M, Hoehn M, Pasley J, Dubose J, Stein D, Scalea T. Basic endovascular skills for 
trauma course: bridging the gap between endovascular techniques and the acute care surgeon. 
J Trauma Acute Care Surg. 2014 Aug;77(2):286–91.  

42.  Morrison JJ, Lendrum RA, Jansen JO. Resuscitative endovascular balloon occlusion of the 
aorta (REBOA): a bridge to definitive haemorrhage control for trauma patients in Scotland? 
Surg J R Coll Surg Edinb Irel. 2014 Jun;12(3):119–20.  

43.  Chaudery M, Clark J, Wilson MH, Bew D, Yang G-Z, Darzi A. Traumatic intra-abdominal 
hemorrhage control: has current technology tipped the balance toward a role for prehospital 
intervention? J Trauma Acute Care Surg. 2015 Jan;78(1):153–63.  

44.  Sadek S, Lockey DJ, Lendrum RA, Perkins Z, Price J, Davies GE. Resuscitative endovascular 
balloon occlusion of the aorta (REBOA) in the pre-hospital setting: An additional resuscitation 
option for uncontrolled catastrophic haemorrhage. Resuscitation. 2016 Oct;107:135-8. 


