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Abstract
Purpose Surgical trainees are exposed to less procedures with increasing need for simulation. Resuscitative endovascular 
balloon occlusion of the aorta (REBOA) has become increasingly implemented for hemorrhage control, yet most courses are 
catered to faculty level with little data on trainees. We propose that routine training in this critical procedure will improve 
trainee performance over time.
Methods This is a prospective, observational study at a level I trauma center involving a monthly trauma procedural program. 
Early in the month, trainees received hands-on REBOA training; at the end, trainees underwent standardized, class-based 
evaluation on a perfused trainer. Score percentages were recorded (0–100%). Endpoints included early, mid and late perfor-
mance (2–12 months). Paired T-test and Pearson’s coefficient were used to evaluate differences and strength of association 
between time between training and performance.
Results 25 trainees participated with 5 and 11 repeat learners in the PGY-2 and PGY-3 classes, respectively. Median early 
performance score was 62.5% (IQR 56–81) for PGY-2s and 91.6% (IQR 75–100) in PGY-3s. Pearson’s coefficient between 
time between and training and score demonstrated a weak correlation in the PGY-2s (r2 = − 0.13), but was more pronounced 
in the PGY-3s (r2 = − 0.44) with an inflection point at 5 months.
Conclusions Routine REBOA training in trainees is associated with improvement in performance within a short period of 
time. Skill degradation was most pronounced in trainees who did not receive training for more than 5 months. Trainees can 
be successfully trained in REBOA; however, this should be done at shorter intervals to prevent skill degradation.
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Background

Non-compressible torso hemorrhage (NCTH) remains a 
significant source of morbidity and mortality for severely 
injured trauma patients. Historically, resuscitative thora-
cotomy (RT) has been an adjunct in the management of 
NCTH. Over the past decade, Resuscitative Endovascular 
Balloon Occlusion of the Aorta (REBOA) has gained pop-
ularity. REBOA has been used in both civilian and mili-
tary trauma settings; several studies, however, have shown 
REBOA to have a conflicting impact on patient outcomes 
[1–3]. Implementation and widespread use of REBOA may 
be limited due to access and lack of training and familiarity 
with the device [2, 3]. The majority of training and courses 
are geared to the fellow or attending level with little data on 
effect on resident trainee performance. Studies have previ-
ously explored the utility in simulation and training pro-
grams utilizing REBOA with improvement in skills, with 
little exploration in retention over time [4], although recent 
evidence suggests that skill degradation does occur [5]. We 
hypothesize that a monthly REBOA training curriculum 
with training and assessment will help improve performance 
of our resident trainees over time with little effect in skill 
degradation.

Methods

We performed a prospective, observational study at a single 
level I trauma center within a large surgical residency pro-
gram; this study was approved by our institutional research 
council. A monthly trauma procedural and simulation pro-
gram was implemented in November 2018 to train surgical 
residents at all post-graduate (PG) 1–5 levels. This monthly 

curriculum provided training on common procedures and 
ended with a team-based simulation that assessed the resi-
dents in a high-fidelity environment. Surgical trainees (PGY-
1–5) received hands-on training on several procedures at 
the beginning of the month, including vascular access, tube 
thoracostomy, resuscitative thoracotomy and endovascu-
lar balloon occlusion of the aorta (REBOA). At the end of 
the month, all trainees underwent a combination of both 
a focused procedural evaluation and simulation. PGY-2–5s 
were assessed specifically on REBOA on a proprietary, per-
fused trainer (Prytime Medical™ STAAR Trainer) utiliz-
ing an 8- or 10-point checklist based on PGY level, and 
which emphasized knowledge of anatomic landmarks, cor-
rect placement and inflation based on zone. All evaluations 
were completed by ATLS-certified trauma attendings with 
experience in REBOA placement. Overall percentages were 
recorded (0–100%). Endpoints included early, mid and late 
performance—designated as beginning score, mid and late 
scores ranging from 2 to 12 months. Individual and class-
based performance were followed over time. Paired T-test 
was used to compare performance in repeat learners and 
Pearson’s coefficient used to evaluate the strength of associa-
tion between time between training and performance.

Results

25 residents participated in REBOA training (9 PGY-2 
and 14 PGY-3 and 2 PGY-5s), with 5 repeat learners in the 
PGY-2 class and 11 repeat learners in the PGY-3 class. The 
majority of learners were PGY-3. Median early performance 
score was 62.5% (IQR 56–81) for the PGY-2 class and 91.6% 
(IQR 75–100) in the PGY-3 class (Fig. 1, Median PGY-2 
and PGY-3 class scores over time). Overall late perfor-
mance score was 100% (IQR 100–100) for the PGY-2 class 

Fig. 1  Median scores (0-100%) 
of REBOA simulation perfor-
mance by PGY level over time 
(months)
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and 87.6% (IQR 86–90) in the PGY-3 class. Median time 
between assessments was 4 months (IQR 2–6) in the PGY-2 
class and 5 months [3–5] in the PGY-3 class. Repeat learners 
in the PGY-2 class demonstrated significant improvement 
(Fig. 2, Median PGY-2 class scores in repeat learners over 
time (early versus late), ID = de-identified learners), whereas 
the score difference in the PGY-3 class exhibited some skill 
deterioration. Pearson’s coefficient was used to evaluate 
strength of correlation between length of time between train-
ing and score, with a very weak correlation in the PGY-2 

class (r2 = − 0.13); however, this was more pronounced in 
the PGY-3 class (r2 = − 0.44) (Fig. 3, Median PGY-3 class 
scores in repeat learners over time (early, middle, late).  

Discussion

Standardized, consistent and long-term training in REBOA 
remains sparse and requires further robust evaluation to effec-
tively implement a REBOA program into trauma systems. 

Fig. 2  Median Scores (0-100%) 
of REBOA simulation perfor-
mance in PGY-2 repeat learners 
over time (months). x = interval 
between assessments (months)
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Fig. 3  Median scores (0-100%) 
of REBOA simulation perfor-
mance in PGY-3 repeat learners 
over time (months). x = interval 
between assessments (months)
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Training programs in REBOA continue to evolve, with lim-
ited consensus regarding the appropriate training structure for 
residents and surgeons, level of training at which the course be 
introduced, and standardized methods of evaluation to assess 
competence and knowledge of the procedure. A recent system-
atic review highlighted the variability in training programs and 
the need for a validated assessment tool [6]. REBOA training 
programs vary in design from didactic to hands-on, including 
porcine models, haptic feedback models and motion analysis 
[4, 6–10]. Of these, perfused models have been widely imple-
mented in procedural training for hemorrhage control with 
good success [11]. The time between training sessions also 
varies with some studies reporting quarterly trainings includ-
ing surgeons, residents, and ancillary staff and others suggest-
ing a one-time course mostly tailored for advanced providers 
with prior surgical or endovascular experience [10, 12, 13]. 
Furthermore, limited data have been published on longitudinal 
learning data and skills retention from these programs [6, 9].

Given the lack of training in REBOA amongst train-
ees and need for longitudinal assessment, we organized a 
monthly trauma procedural and simulation program for sur-
gical trainees PGY-1–5. This program emphasized hands-on 
procedural technique on a perfused manikin and assessed 
knowledge of anatomic landmarks, equipment, and proce-
dural technique. These training procedural skills are essen-
tial to resuscitative care and were followed over one year. 
PGY-2 and PGY-3 trainees comprised the majority of train-
ees with standardized assessment over this period and over-
all improvement in both classes. We did note an inflection 
point at the 5–6-month mark where trainees demonstrated 
some skill degradation with strong negative correlation 
between length of time between training and score. This 
inflection point is consistent with previously published work 
which also demonstrated skill degradation at 6 months [5].

There are several limitations to this study, including small 
sample size and inter-rater reliability amongst instructors. 
Despite utilizing standardized, PGY-level-based assess-
ments, this inter-rater reliability can persist, and was not 
explored during this study. Additional assessments exist, 
including those in structured courses focused on endovas-
cular skills tailored for trauma surgeons [4, 10]; however, 
these are deployed at the fellow or faculty level. Our training 
and simulation program and results demonstrate that surgical 
trainees are capable of learning and retaining knowledge and 
skills for REBOA, including indications, anatomy, equip-
ment needs and procedural steps.

Conclusion

Our results highlight the importance of early introduction to 
and more frequent training in emergent resuscitative skills as 
REBOA to mitigate skill degradation. Furthermore, REBOA 

training can be taught successfully to surgical trainees, in 
contrast to prior studies that have focused on fellows or 
faculty. Further investigations include continued longitu-
dinal assessment throughout surgical training, video-based 
assessment of technique, and validation of a standardized 
checklist.
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