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Purpose: Resuscitative endovascular balloon occlusion of the aorta (REBOA) is a state-of-the-art 
lifesaving procedure. However, due to its high mortality and morbidity, including ischemia and 
reperfusion injury, well-trained medical staff and effective systems are needed. This study was con-
ducted to investigate the learning curve for REBOA in Korea. 
Methods: To monitor this learning curve, we used cumulative sum (CUSUM) analysis and graphs 
of mortality and aortic occlusion time within 60, 90, and 120 minutes for consecutive patients. The 
procedures performed between July 2017 and June 2021 were divided into pre-trauma center (pre-
TC; July 2017–February 2020) and TC (February 2020–June 2021) periods. 
Results: REBOA was performed for 31 consecutive patients with trauma. The pre-TC (n=12) and TC 
(n=19) periods did not differ significantly with regard to Injury Severity Score, age, injury mecha-
nism, initial systolic blood pressure, prehospital cardiopulmonary resuscitation (CPR), or CPR in 
the emergency department. At the 17th consecutive patient during the TC period, CUSUM failure 
graphs for mortality and aortic occlusion time exhibited a downward inflection, indicating an im-
provement in performance. 
Conclusions: The mortality and aortic occlusion time of REBOA improved, and these parameters 
can be monitored using CUSUM analysis at the hospital level. 
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INTRODUCTION 

Severe hemorrhage due to torso injury is a leading cause of death 
[1,2]. To reduce mortality from severe torso hemorrhage, damage 
control surgery and resuscitation have been introduced [1]. The 

core concept of damage control is prompt hemostasis, such as via 
emergency surgery or interventional radiology [1]. However, 
some patients are vulnerable to severe bleeding before effective 
hemostasis can be achieved and die before surgery or interven-
tional radiology is performed. To rescue such patients, resuscita-
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tive endovascular balloon occlusion of the aorta (REBOA) was 
introduced for the temporary cessation or limitation of aortic 
blood flow [3]. REBOA is used as a bridge until definitive hem-
orrhagic control is achieved [4]. Resuscitative thoracotomy is 
substantially invasive and has high morbidity [5]; thus, REBOA 
has received considerable attention [6]. Moreover, the introduc-
tion of a 7F or 8F sheath minimizes iatrogenic limb ischemia. 

Well-trained staff and well-organized medical resources are re-
quired for an effective REBOA procedure. Medical staff should 
demonstrate proficiency in hemorrhage detection, diagnosis, 
vascular approach, identification of balloon position, and subse-
quent prompt hemostatic procedures such as damage control 
surgery and interventional radiology. Facilities and equipment 
such as trauma bays, interventional radiology rooms, operating 
rooms, point-of-care ultrasonography, and portable X-ray equip-
ment should be well-organized. However, training and experi-
ence with medical resources are time-consuming. Moreover, ex-
perience with REBOA is insufficient in most trauma centers be-
cause the procedure is usually performed only in rare situations, 
such as in patients in severe shock [6,7]. Recently, centers with 
high REBOA utilization were found to be associated with lower 
mortality than low-utilization centers [8]. This implies that the 
learning curve at the hospital level is crucial. However, the learn-
ing curve associated with REBOA has not been examined in pre-
vious studies. Recently, the learning curve for damage control 
laparotomy in a Korean regional trauma center was evaluated us-
ing cumulative sum (CUSUM) analysis, which is a useful meth-
od for monitoring the performance of procedures [9–11]. Here, 
we investigated the improvement in the quality of the REBOA 
procedure and associated mortality using CUSUM at the hospital 
level. 

METHODS 

Ethics statements 
This study was approved by the Institutional Review Board of 
Cheju Halla General Hospital (No. 2022-L03-01). The require-
ment for informed consent was waived due to the retrospective 
nature of the study. 

Study design 
We reviewed the Korean Trauma Database for records from our 
trauma center from July 2017 to June 2021 to identify patients 
with trauma who underwent REBOA. Patients who died before 
REBOA, who did not undergo balloon inflation, or who under-
went balloon insertion into the inferior vena cava due to a retro-

hepatic inferior vena cava injury were excluded from the study. 
Patient demographic and clinical data including mechanism of 
injury, age, sex, laboratory findings, vital signs, Injury Severity 
Score, Abbreviated Injury Scale score, postoperative outcomes, 
and REBOA-related time parameters were collected and ana-
lyzed. 

At our trauma center, two dedicated trauma bays, two operat-
ing rooms, and one interventional radiology room near the trau-
ma bay were equipped for use by dedicated trauma staff. We di-
vided our study into pre-trauma center (pre-TC; July 2017–Feb-
ruary 2020) and TC (February 2020–June 2021) periods. Before 
February 2020 (the pre-TC period), trauma procedures were 
performed in the emergency department (ED), where nontrau-
ma patients were also managed. From February 2020 onward 
(the TC period), all trauma procedures and patients were man-
aged by attending trauma surgeons in a trauma bay. In the pre-
TC period, the ultrasonographic image quality was poor due to 
aging equipment. Surgical instruments for laparotomy or thora-
cotomy were not prepared in the ED, and surgeons had to bring 
them from the operating room. In addition, the nursing staff 
members were not proficient in preparing REBOA kits, and most 
of them did not even know what REBOA was. The angiography 
room was located on a different floor from the ED, so patients 
had to be transferred by elevator. In contrast, in the TC period, 
point-of-care ultrasonography, a REBOA kit, portable X-ray 
equipment, surgical equipment for ED laparotomy and ED tho-
racotomy, and a trauma angiography room next door to the trau-
ma bay were available after the establishment of dedicated trau-
ma facilities. The dedicated nursing staff members were educated 
regarding the REBOA kit and surgical instruments and became 
more proficient at preparing them. In the pre-TC period, only 
three to five dedicated trauma surgeons worked at the trauma 
center. During the TC period, six to ten trauma surgeons and 
four emergency medicine faculty members were assigned to the 
trauma center. 

The indications for REBOA were patients with unstable vital 
signs (systolic blood pressure [SBP] < 90 mmHg) and patients 
with severe intra-abdominal or pelvic hemorrhage. Femoral arte-
rial puncture for REBOA was performed by a trauma surgeon 
using point-of-care ultrasonography or a blind method. The sur-
geon inflated the REBOA balloon by infusing 5 to 20 mL of sa-
line. The balloon position was identified using portable X-ray 
equipment. When prompt hemostasis was required, ED laparot-
omy was performed appropriately. For patients with impending 
cardiac arrest before or after the REBOA procedure, ED thora-
cotomy was performed. After the return of spontaneous circula-
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tion, the aortic clamp used during the thoracotomy was convert-
ed to a REBOA setup. A hemostatic procedure was defined as the 
control of bleeding by laparotomy or angioembolization. The to-
tal REBOA occlusion time was measured from the time of initial 
balloon inflation to that of full deflation. A procedure was con-
sidered successful if the REBOA occlusion time was within 60, 
90, or 120 minutes; this is because prolonged REBOA occlusion 
time can induce ischemic injury, which is associated with bowel 
ischemia, acute kidney injury, and limb ischemia. The primary 
outcome of our study was mortality, and the secondary outcome 
was aortic occlusion time. We hypothesized that aortic occlusion 
time is a surrogate marker of success in REBOA procedures. 

Statistical analysis 
Continuous data are presented as medians and interquartile 
ranges, and data were analyzed using the Mann-Whitney U-test. 
Categorical data are presented as proportions. Proportions were 
compared using the chi-square test or the Fisher exact test, as ap-
propriate. P-values less than 0.05 were considered to indicate sta-
tistical significance. All statistical analyses were performed using 
Microsoft Excel (Microsoft Corp) and R ver. 4.1.2 (R Foundation 
for Statistical Computing). 

CUSUM analysis 
The CUSUM procedure is a graphical method that is widely used 
for quality monitoring [9–11]. In this study, the CUSUM was cal-
culated as follows: Sn =  (Xi–p0i), where Sn  is the summation of 
the score, Xi= 0 for success (for example, patient survival) and 
Xi= 1 for failure (for example, patient death), and p0i denotes the 
predicted probability of failure of the procedure. The graph starts 
at 0 and is plotted from left to right on a horizontal axis. The 
curve moves up by 1–p0i for every case of failure (penalty) and 
down by p0i for every case of success (reward) on the cumulative 
failure graph. The improvement or deterioration of surgical out-
comes can be identified intuitively based on the inflection of the 
CUSUM curve. 

RESULTS 

This is a case series. From July 2017 to June 2021, the REBOA 
procedure was performed for 31 trauma patients who were ad-
mitted to our hospital. A total of five trauma surgeons performed 
REBOA, with 20 procedures performed by one surgeon, eight 
procedures by another surgeon, and one procedure each by the 
remaining three surgeons. The baseline characteristics and a 
comparison between the pre-TC and TC periods are summa-

rized in Table 1. Twelve (38.7%) and 19 patients (61.3%) were ad-
mitted during the pre-TC and TC periods, respectively. Twen-
ty-nine patients (93.55%) experienced blunt trauma. The initial 
SBP levels of 13 patients (41.9%) could not be determined. Seven 
patients (22.6%) underwent prehospital cardiopulmonary resus-
citation (CPR). Nine (29.0%) and eight patients (25.8%) under-
went thoracotomy and laparotomy, respectively, in the ED. The 
median time from admission to REBOA was 31.0 minutes (inter-
quartile range [IQR], 18.0–67.0 minutes). The median total RE-
BOA occlusion time was 60.0 minutes (IQR, 47.5–90.5 minutes). 
In 30 patients (96.8%), the balloon used during REBOA was 
placed in zone 1 (above the celiac axis), while it was placed in 
zone 3 (between the inferior mesenteric artery and the iliac bifur-
cation) in one patient (3.2%). Twelve patients (38.7%) survived 
the REBOA procedure. No significant differences were present in 
age, sex, SBP, Injury Severity Score, or Abbreviated Injury Scale 
score between the pre-TC and TC periods. The median REBOA 
occlusion time was shorter in the TC than in the pre-TC period, 
although the difference was not statistically significant (62.5 min-
utes [IQR, 44.0–134.5 minutes] in the pre-TC period vs. 53.0 
minutes [IQR, 47.5–78.5 minutes] in the TC period, P= 0.465). 
The survival rate was higher in the TC than in the pre-TC peri-
od, although the difference was also not significant (three pa-
tients [25.0%] in the pre-TC period vs. nine patients [47.4%] in 
the TC period, P= 0.386). Table 2 shows a summarized compari-
son between nonsurvivors and survivors. The initial SBP was sig-
nificantly lower in the nonsurvivor group. Nonsurvivors were 
significantly more likely to have undergone CPR at ED, ED tho-
racotomy, and ED laparotomy. However, no patient in the survi-
vor group underwent CPR at ED, ED thoracotomy, or ED lapa-
rotomy. 

The CUSUM failure graph for survival is shown in Fig. 1. The 
CUSUM failure graphs for aortic occlusion time within 60 min-
utes, 90 minutes, and 120 minutes are shown in Figs. 2, 3, and 4, 
respectively. All CUSUM graphs showed an upward slope during 
the pre-TC period. At the 17th patient (indicated by arrows) in 
the TC period, a downward inflection was observed and a down-
ward slope was observed after 17th case.  

DISCUSSION 

To our knowledge, this is the first study to illustrate the learning 
curve associated with REBOA using CUSUM analysis. The re-
sults indicated that the quality of the REBOA procedure im-
proved. The accumulation of experience with the REBOA proce-
dure may enhance performance. Additionally, we believe that the 
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Table 1. Comparison between pre-TC and TC period

Variable Total Pre-TC TC P-value
No. of patients 31 (100) 12 (38.7) 19 (61.3)
Age (yr) 45.0 (35.0–57.5) 49.0 (35.5–59.0) 42.0 (32.0–54.0) 0.612
Injury type >0.999
 Blunt 29 (93.5) 11 (91.7) 18 (94.7)
 Penetrating 2 (6.5) 1 (8.3) 1 (5.3)
Male sex 24 (77.4) 9 (75.0) 15 (78.9) >0.999
Injury Severity Score 34.0 (25.0–44.0) 33.5 (18.0–52.5) 34.0 (28.0–36.5) 0.919
Abbreviated Injury Scale
 Head and neck 3.0 (0–4.5) 2.5 (0–5.0) 3.0 (0–4.0) 0.801
 Face 0 (0–0.5) 0 (0–0.5) 0 (0–1.0) 0.771
 Chest 3.0 (0.5–3.0) 2.0 (0–3.0) 3.0 (2.0–3.0) 0.291
 Abdomen 3.0 (2.0–4.0) 3.0 (2.5–4.0) 2.0 (1.0–4.0) 0.347
 Pelvis 0 (0–3.0) 0 (0–3.5) 2.0 (0–3.0) 0.427
 Extremity 0 (0–1.0) 0 (0–1.0) 1.0 (0–1.0) 0.151
Initial systolic blood pressure (mmHg) 0.206
 ≥100 5 (16.1) 4 (33.3) 1 (5.3)
 80–99 5 (16.1) 2 (16.7) 3 (15.8)
 50–79 8 (25.8) 2 (16.7) 6 (31.6)
 Not checked 13 (41.9) 4 (33.3) 9 (47.4)
Prehospital CPR 7 (22.6) 3 (25.0) 4 (21.1) >0.999
CPR at the ED 15 (48.4) 7 (58.3) 8 (42.1) 0.609
Balloon type of REBOA 0.032
 12F (ReliantTM) 4 (12.9) 4 (33.3) 0
 7F (RescueTM) 27 (87.1) 8 (66.7) 19 (100)
Target zone >0.999
 Zone 1 30 (96.8) 12 (100) 18 (94.7)
 Zone 3 1 (3.2) 0 1 (5.3)
Identification of REBOA balloon position 15 (48.4) 7 (58.3) 8 (42.1) 0.609
Time from admission to REBOA (min) 31.0 (18.0–67.0) 64.5 (31.0–93.0) 21.0 (14.5–43.5) 0.007
REBOA occlusion time (min) 60.0 (47.5–90.5) 62.5 (44.0–134.5) 53.0 (47.5–78.5) 0.465
 Within 60 min 17 (54.8) 6 (50.0) 11 (57.9) 0.952
 Within 90 min 23 (74.2) 7 (58.3) 16 (84.2) 0.237
 Within 120 min 24 (77.4) 7 (58.3) 17 (89.5) 0.114
ED thoracotomy 9 (29.0) 2 (16.7) 7 (36.8) 0.424
ED laparotomy 8 (25.8) 3 (25.0) 5 (26.3) >0.999
Angioembolization 4 (12.9) 0 4 (21.1) 0.249
Laparotomy 19 (61.3) 9 (75.0) 10 (52.6) 0.386
Preperitoneal pelvic packing 2 (6.5) 1 (8.3) 1 (5.3) >0.999
Hemostasis (surgery or angioembolization) 20 (64.5) 8 (66.7) 12 (63.2) >0.999
PRBC transfusion within 24 hr (unit) 11.0 (6.0–17.0) 13.0 (5.5–17.5) 11.0 (6.0–15.5) 0.951
FFP transfusion within 24 hr (unit) 5.0 (2.5–10.0) 6.0 (2.5–10.0) 5.0 (2.5–11.0) >0.999
Platelet transfusion within 24 hr (unit) 0 (0–8.0) 0 (0–6.5) 0 (0–8.0) 0.751
PRBC transfusion within 4 hr (unit) 8.0 (6.0–14.5) 10.0 (5.5–15.5) 7.0 (6.0–13.5) 0.902
FFP transfusion within 4 hr (unit) 4.0 (2.0–7.0) 5.0 (2.0–7.0) 4.0 (2.0–7.0) 0.790
Platelet transfusion within 4 hr (unit) 0 (0–0) 0 (0–0) 0 (0–0) 0.739
Hemodialysis due to AKI 1 (3.2) 1 (8.3) 0 0.814
Limb ischemia 0 0 0 - 
Survival (in-hospital) 12 (38.7) 3 (25.0) 9 (47.4) 0.386
Cause of mortality 0.396
 Central nervous system 3 (9.7) 2 (16.7) 1 (5.3)
 Hypovolemic 15 (48.4) 7 (58.3) 8 (42.1)
 Multiple organ dysfunction syndrome 1 (3.2) 0 1 (5.3)
Values are presented as number (%) or median (interquartile range).
TC, trauma center; CPR, cardiopulmonary resuscitation; ED, emergency department; REBOA, resuscitative endovascular balloon occlusion of 
aorta; PRBC, packed red blood cell; FFP, fresh frozen plasma; AKI, acute kidney injury.
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Table 2. Comparison between nonsurvivor and survivor (n=31)

Variable Nonsurvivor (n=19) Survivor (n=12) P-value
Group 0.386
 Pre-TC 9 (47.4) 3 (25.0)
 TC 10 (52.6) 9 (75.0)
Age (yr) 48.0 (32.0–60.5) 39.5 (35.0–49.5) 0.310
Injury type >0.999
 Blunt 18 (94.7) 11 (91.7)
 Penetrating 1 (5.3) 1 (8.3)
Male sex 15 (78.9) 9 (75.0) >0.999
Injury Severity Score 34.0 (27.0–49.0) 33.5 (21.0–34.0) 0.166
Abbreviated Injury Scale
 Head and neck 2.0 (0–5.0) 3.5 (0–4.0) 0.784
 Face 0 (0–0) 0 (0–2.0) 0.076
 Chest 3.0 (1.5–4.0) 2.5 (0–3.0) 0.157
 Abdomen 3.0 (2.0–4.0) 3.0 (2.0–3.0) 0.530
 Pelvis 0 (0–3.5) 3.0 (0–3.0) 0.321
 Extremity 1.0 (0–1.0) 0 (0–1.0) 0.151
Initial systolic blood pressure (mmHg) 0.001
 ≥100 3 (15.8) 2 (16.7)
 80–99 1 (5.3) 7 (58.3)
 50–79 2 (10.5) 3 (25.0)
 Not checked 13 (68.4) 0
Prehospital CPR 7 (36.8) 0 0.051
CPR at ED 15 (78.9) 0 >0.001
Balloon type of REBOA 0.958
 12F (ReliantTM) 3 (15.8) 1 (8.3)
 7F (RescueTM) 16 (84.2) 11 (91.7)
Target zone 0.814
 Zone 1 19 (100) 11 (91.7)
 Zone 3 0 1 (8.3)
Identification of REBOA balloon position 8 (42.1) 7 (58.3) 0.609
Time from admission to REBOA (min) 31.0 (19.5–70.0) 34.0 (15.0–66.0) 0.626
REBOA occlusion time (min) 60.0 (43.5–105.5) 64.0 (48.0–83.5) 0.855
 Within 60 min 11 (57.9) 6 (50.0) 0.952
 Within 90 min 13 (68.4) 10 (83.3) 0.615
 Within 120 min 14 (73.7) 10 (83.3) 0.853
ED thoracotomy 9 (47.4) 0 0.015
ED laparotomy 8 (42.1) 0 0.029
Angioembolization 1 (5.3) 3 (25.0) 0.295
Laparotomy 12 (63.2) 7 (58.3) >0.999
Preperitoneal pelvic packing 2 (10.5) 0 0.681
Hemodialysis due to AKI 1 (5.3) 0 >0.999
Limb ischemia 0 0 -
Hemostasis (surgery or angioembolization) 12 (63.2) 8 (66.7) >0.999
PRBC transfusion within 24 hr (unit) 11.0 (6.0–17.5) 11.5 (6.5–15.5) 0.968
FFP transfusion within 24 hr (unit) 4.0 (2.0–9.5) 7.0 (4.5–12.5) 0.186
Platelet transfusion within 24 hr (unit) 0 (0–0) 7.0 (1.5–10.0) 0.007
PRBC transfusion within 4 hr (unit) 10.0 (5.5–16.5) 6.5 (6.0–12.0) 0.595
FFP transfusion within 4 hr (unit) 4.0 (2.0–5.5) 4.5 (2.0–8.0) 0.595
Platelet transfusion within 4 hr (unit) 0 (0–0) 0 (0–0) 0.274
Cause of mortality <0.001
 Central nervous system 3 (15.8) 0
 Hypovolemic 15 (78.9) 0
 Multiple organ dysfunction syndrome 1 (5.3) 0
Values are presented as number (%) or median (interquartile range).
TC, trauma center; CPR, cardiopulmonary resuscitation; ED, emergency department; REBOA, resuscitative endovascular balloon occlusion of 
aorta; AKI, acute kidney injury; PRBC, packed red blood cell; FFP, fresh frozen plasma.
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establishment of trauma centers plays an important role in im-
proving the skill and knowledge of faculty and the number of 
dedicated facility members, which helps improve the quality of 
the procedure. CUSUM-based monitoring appears to be useful 
for the REBOA procedure. REBOA is generally performed in ex-
tremely rare situations; therefore, achieving proficiency may be 
difficult. We believe that the outcomes, mortality rate, and aortic 
occlusion time are potential indicators of the performance of RE-
BOA. An improvement in aortic occlusion time represents 
prompt hemostasis and the reduction of ischemia. 

Although enthusiasm has grown regarding the use of REBOA 
for trauma patients with severe hemorrhage, the procedure’s indi-
cations and outcomes, including mortality and morbidity, are 

controversial [6,12]. In a recent systematic review and meta-anal-
ysis [6], REBOA was associated with lower mortality than ED 
thoracotomy, whereas no significant difference was observed be-
tween patients who underwent REBOA and those who did not. 
However, this meta-analysis included a limited number of studies 
(three and five studies comparing REBOA with ED thoracotomy 
and non-REBOA, respectively), and all included studies were ob-
servational. Thus, the exact effect size is unclear due to substan-
tial selection bias. In a retrospective cohort study using the 
American College of Surgeons National Trauma Database with 
propensity score matching [7], REBOA was associated with in-
creased mortality, even after adjustment for measured confound-
ers. The authors reported that REBOA was not associated with 
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acute kidney injury or amputation. In our study, only one patient 
underwent hemodialysis, and none underwent lower extremity 
amputation. However, these complications are rare. In a recent 
review on the opinions of trauma providers regarding REBOA, 
interest was revealed to be widespread, but the need for training 
persists [13]. Thus, clinical results may need to be re-evaluated 
after the teaching of technical skills and dissemination of infor-
mation regarding indications and complications. In our study, all 
patients with initial SBP levels that could not be assessed died. 

Further study is warranted for such patients, and more rigorous 
indication may be needed. 

In a 5-year retrospective analysis based on the American As-
sociation for the Surgery of Trauma’s Aortic Occlusion in Resus-
citation for Trauma and Acute Care Surgery (AORTA) multi-in-
stitutional database [8], a center was defined as high-volume if it 
had more than 30 cases of REBOA over 5 years, low-volume if it 
had less than 10, and average-volume if it had 11 to 30 cases. 
The results indicated that survival was higher in high-volume 
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centers than in low-volume ones [8]. From this perspective, our 
trauma center can be regarded as high-volume because over 5 
years, REBOA was performed for 31 patients. Moreover, we 
used CUSUM analysis to demonstrate that the performance of 
the REBOA procedure improved after the 17th case. We believe 
that this study provides new insights for trauma surgeons. RE-
BOA is a bridge procedure used prior to achieving definitive he-
mostasis. REBOA requires the prompt availability of medical 
staff and facilities such as a proficient trauma or vascular sur-
geon, well-trained nurses, point-of-care ultrasonography and 
portable X-ray equipment, a vascular access device, a trauma 
bay, an operating room, an interventional radiology room, and a 
REBOA kit [4]. Harmoniously organizing these components 
may be time-consuming. At our trauma center, more than 17 
cases were needed to achieve proficiency in the REBOA proce-
dure. We believe that assigning dedicated medical staff and facil-
ities via trauma centers may promote such improvements. Such 
organization may enhance the proficiency of staff and the effec-
tiveness of the overall trauma system. Trauma surgeons may also 
improve their understanding of REBOA after a trauma center 
has been established. 

Our study had several limitations. First, it was retrospective 
and observational. However, no randomized controlled trials 
have been conducted regarding REBOA. Second, the single-co-
hort nature and small sample size of the study are crucial limita-
tions, and larger-scale prospective studies are needed. Third, the 
most important limitation is the variation in the skill and expe-
rience of the surgeons. This may have impeded consistency in 
proficiency in the REBOA procedure. However, investigation at 
the hospital level is crucial because REBOA requires a multidis-
ciplinary approach. Fourth, conventional statistical methods 
showed no statistically significant difference between the pre-
TC and TC periods, although mortality and occlusion time dif-
fered non-significantly between them. This lack of significant 
findings may have been due to the small number of patients 
(n =31) studied. However, acquiring sufficient datasets is very 
difficult because REBOA is rarely performed. Therefore, CU-
SUM monitoring is a potential alternative method. Fifth, the 
contribution of the establishment of trauma centers to the im-
provement in REBOA outcomes remains ambiguous. Further 
studies are required to confirm this hypothesis. However, we ob-
served that the performance of the procedure improved after the 
17th patient. This may provide meaningful insights to trauma 
surgeons who wish to begin performing the REBOA procedure. 
Sixth, we could not perform risk-adjusted CUSUM analysis be-
cause of the small sample size. In a previous study, a risk-adjust-

ed CUSUM methodology was used to adjust for individual risk 
and minimize selection bias based on a multivariable logistic re-
gression model [9,11]. However, such models are statistically 
unstable when the sample size is small [14]. Future large-scale 
studies are required. Seventh, we postulated that aortic occlusion 
time is a surrogate marker of success in REBOA procedures. No 
evidence is available regarding this issue. However, guidelines 
recommend balloon deflation as soon as possible [4]. Prolonged 
occlusion time induces ischemic damage and reducing occlu-
sion time may require a well-organized trauma system and pro-
ficient staff. For example, prompt detection of the balloon posi-
tion, early preparation for surgery, or angioembolization may be 
needed. We hope that this can provide new insight for research-
ers. Finally, we initially attempted partial REBOA (5 to 10 mL of 
balloon inflation) and added fluids according to the patient’s sta-
tus. However, unfortunately, our medical records included no 
records of the inflating fluid in some patients. Thus, we could 
not distinguish partial from total REBOA. We could not identify 
even intermittent REBOA due to the limited medical records 
available. 

In conclusion, the performance of the REBOA procedure in 
terms of mortality and aortic occlusion time improved after the 
17th case. CUSUM analysis may be useful for monitoring the 
procedure when the sample size of the cohort is not sufficient to 
expect statistical stability. However, further large-scale prospec-
tive studies are warranted to confirm the true effect size. 
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