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Summary
Background The experience of general and trauma
surgeons in vascular trauma management has de-
creased with sub-specialization of surgery and work-
ing hours restrictions. We introduce a vascular trauma
surgery skills course established to train German mil-
itary surgeons prior to their deployment to conflict
areas.
Methods The intention and implementation of the
vascular trauma course for non-vascular surgeons is
described in detail.
Results In hands-on courses, participants learn and
train basic vascular surgical techniques on more re-
alistic extremity, neck, and abdominal models with
pulsatile vessels. A fundamental and an advanced
course each provide military as well as civilian sur-
geons from different non-vascular specialties with
a surgical skill set including direct vessel sutures,
patch angioplasty, anastomosis, thrombectomy, and
resuscitative endovascular balloon occlusion of the
aorta (REBOA) in order to render them capable of
managing major vascular injuries.
Conclusion The experiences of this vascular trauma
surgical skills course, initially established for military
surgeons, can also be of use to all civilian general, vis-
ceral, and trauma surgeons occasionally facing trau-
matic or iatrogenic vascular injuries. Thus, the intro-
duced vascular trauma course is valuable for all sur-
geons working in trauma centers.
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Introduction

Major vascular injuries are uncommon in Europe,
with an incidence of approximately 1–2% of all trau-
mas [1, 2]. However, in settings with predominantly
penetrating injuries, as is typical for combat situations
and terror attacks, the incidence of vascular trauma
increases dramatically. In urban districts with high
violence, penetrating injuries make up for more than
75% of all vascular traumas [3, 4], and inmodern wars,
up to 12% major vascular trauma must be expected
[5]. Not surprisingly, terror attacks are associated with
vascular trauma similar to combat scenarios with an
incidence 10% [6], and more than 50% of the critically
injured victims of terror-related explosions encounter
a vascular trauma [2].

Independent of their origin, most major vascular
injuries have in common that they are life and limb
threatening and usually require immediate surgical
attention. Eastridge et al. analyzed US combat ca-
sualty death from the wars in Afghanistan and Iraq
between 2001 and 2011 [7]. Of the pre-MTF (medi-
cal treatment facility) fatalities, 75.7% (n=3040) were
classified as non-survivable and 24.3% (n= 976) were
deemed potentially survivable. The primary cause of
these potentially survivable deaths was hemorrhage,
at 90.9%. Therefore, immediate control of hemor-
rhage is paramount to reducing mortality. Further-
more, the golden hour for revascularization of the
extremities lies within 6 to 8h after the onset of is-
chemia [3, 8, 9], limiting the time for transportation
or secondary transfer of patients with major vascular
injuries.

The management of vascular trauma can be very
challenging for even experienced surgeons and de-
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layed treatment can easily result in severe compli-
cations, limb loss, or death. While rapid treatment
by a vascular specialist can usually be ensured in
metropolises with a high density of vascular surgical
departments, this might not necessarily be the case in
rural areas or in the situation of mass casualties after
explosion disaster or terror attack. In these situations,
surgeons unfamiliar with vascular trauma might easily
be confronted with severe vascular injuries, as well.

Vascular trauma surgical skills

As major vascular injuries require immediate surgical
treatment for hemorrhage control and revasculariza-
tion, all surgeons working in trauma centers should
be familiar with basic vascular trauma surgical skills.
However, surgical skills training on trauma patients
is becoming more and more limited in clinical prac-
tice, due to working hours restrictions, especially in
Europe [10, 11]. In addition, with vascular surgery
evolving from a sub-specialty of general surgery to
an independent specialty, and the increasing impor-
tance of endovascular procedures for the treatment of
vascular injuries [12, 13], general surgeons will lose
their expertise in vascular surgery more and more. As
early as 15 years ago, Grabo et al. reported a dramatic
downward trend of more than 30% in the number of
major vascular procedures a general surgery resident
performs within 10 years [14]. In the US, resident ex-
perience with vascular injuries is low and likely inad-
equate given a national average of only four vascular
trauma cases performed per graduating resident, with
fasciotomies and operations for peripheral vascular

Fig. 1 Two tutors explain
and demonstrate the exer-
cise step by step while the
participants watch carefully
on their monitors. There-
after, each participant re-
peats the exercise under
supervision of the tutors

trauma constituting the majority of these cases [15].
Some residents never experience exposure and repair
of arteries in the abdomen, thorax, and neck. It must
be expected that the situation is no better in Europe.

Vascular trauma surgery training course

In view of these recent developments in general
surgery on the one hand and the high incidence
of vascular injuries in modern wars on the other,
the German Army Medical Service recognized that
their general surgeons required additional training
in vascular trauma surgery before going on military
deployment. As it was obvious that these skills could
not be learned and maintained within the scope of
civilian surgical practice in the military hospitals in
Germany, a special vascular trauma skills training
program needed to be developed. In the preceding
years, trauma surgery skills courses using simula-
tion models had emerged as an effective alternative
to overcome limited open operative experience [16].
Therefore, a vascular trauma surgery course for non-
vascular surgeons using established vascular surgery
simulation models was developed in cooperation
with the Vascular International School, Switzerland
[17, 18]. Meanwhile, this course is mandatory for
every German military surgeon together with con-
comitant courses in damage control surgery (DCS) in
anaesthetized swine and a course on surgical skills for
exposure in trauma using human cadavers. Together,
these courses aim to fill the gap in lacking proficiency
in open surgical treatment for major vascular trauma.
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The vascular trauma surgery skills program is di-
vided into two separate courses: the basic course fo-
cusses on open vascular surgical techniques in general
and extremity vascular trauma, while the advanced
course concentrates on truncal and neck trauma. In
each two-day course, seven tutors, all experienced
vascular surgeons frommajor vascular surgery depart-
ments in Germany, Austria, and Switzerland, instruct
nomore than 24 participants, ensuring intensive feed-
back for each participant at all times. Each exercise
is demonstrated and explained step by step by one
of the tutors and the participants follow the demon-
stration on the monitors next to their workstations
(Fig. 1). Thereafter, the participants perform the ex-
ercise themselves, closely observed and corrected, if
necessary, by the tutors.

Both courses are performed in the Military Hos-
pital in Ulm, Germany, in cooperation with the Vas-
cular International School, Switzerland. The hands-
on courses are based on the well-established setting
and the life-like models developed by the Vascular In-
ternational School. The value of these models with
pulsatile vessels for improvement of surgical skills in
vascular surgery has been proven [19, 20]. Deliber-

Fig. 2 Participants performing an interpositional graft in
a box with pulsatile artery

Fig. 3 A tutor giving tips for direct sutures of the inferior cava
vein in the abdominal model

Fig. 4 Participant performing an anastomosis to the supra-
genual popliteal artery using a leg model. As in all Vascular
International models, the artery has a pulsatile flow
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ately, only few, easy-to-remember suture techniques
are taught for direct sutures, patch angioplasty, and
end-to-side and end-to-end anastomosis. Instead of
introducing several different techniques, these few ba-
sic procedures are repeatedly performed by the partic-
ipants, steadily increasing the level of difficulty from
working in an open box (Fig. 2) up to performing an
anastomosis deep in the abdomen (Fig. 3) or in an un-
comfortable supragenual exposure of the leg (Fig. 4).
Next to arterial and venous reconstructions with au-
tologous and alloplastic grafts, adjacent techniques
indispensable for vascular trauma management such
as thrombectomy with a Fogarty catheter are intro-
duced as well. Based on military requirements, a fur-
ther focus lies on damage control surgery with direct
suture techniques as well as placement and safe fix-
ation of a temporary intravascular shunt. In addi-
tion to the dominating hands-on training, two brief
lectures introduce special features of vascular trauma
management and basic tactical considerations for the
approach of these severe injuries.

As the course intends to give all surgeons, irrespec-
tive of their specialization, a vascular surgical tool kit
easily available in every situation, it concentrates on
open vascular surgery. The only endovascular tech-
nique introduced in the advanced course is resus-
citative endovascular balloon occlusion of the aorta
(REBOA), as practical knowledge of this procedure is
mandatory for all military surgeons and frequently
asked for among civilian trauma surgeons. The par-
ticipants learn vascular access via inguinal puncture,
placement, and handling of the balloon as well as the
indications for and complications of REBOA [21].

At the end of every course the participants have
to complete an evaluation form (Table 1). The vast
majority of participants feel more confident and well
prepared for daily practice, deployment, or work in
a trauma center. Most participants would recommend
the course to colleagues and voted for a repetition ev-
ery 3 years. However, the benefit of the latter approach
has not yet been proven and is subject to an ongoing
study reevaluating the skills after several years. The
main criticism of the courses is the missing training
in vascular surgical exposure. However, this important
aspect is element of another course.

Table 1 Results of the structured, anonymous feedback
of all courses from 2018 to 2022 (n= 138). During the
COVID-19 pandemic the courses were temporarily paused.
(Results are graded from “1= I totally agree” to “5= I totally
disagree”)
Questions Grade

(Mean± SD)

More confidence for daily practice 1.2± 0.44

More confidence for deployment 1.3± 0.48

Recommend training to colleagues 1.0± 0.15

Recommend repetition of training after 3 years 1.4± 0.69

Recommend training before deployment 1.6± 0.91

Impact on civilian trauma surgery

In the wake of several terror attacks in Europe in the
past 20 years and given the decreasing experience
in vascular trauma surgical skills among non-vascu-
lar surgeons, the interest in vascular trauma skills
training has increased significantly among civilian
surgeons as well. The experience from the terror
attacks in Paris 2015, where 20 victims with severe
non-thoracic vascular injuries were treated in eight
hospitals throughout Paris with vein bypass (58%),
patch angioplasty (6%), ligation (12%), or emboliza-
tion (24%) [22], demonstrates the need for immediate
vascular trauma expertise in such an exceptional sit-
uation and stresses the importance of a basic level of
experience in vascular trauma management among
all surgeons working in trauma centers.

As a response to this increasing interest among
civilian general and trauma surgeons, the vascular
trauma surgery course is not restricted to military
surgeons before deployment, but addresses all sur-
geons who might be involved in traumatic or iatro-
genic vascular injury management. Meanwhile, more
than 350 civilian and military surgeons from different
specialties, i.e., trauma, visceral, and thoracic surgery,
urology, gynecology, ENT, and plastic surgery, from
more than 15 different countries, have successfully
participated in the course performed at the Military
Hospital in Ulm, Germany. From 2016 to 2019 the
course was additionally performed at the Ecole du
Val-de-Grâce in Paris for the military surgeons of the
French Army, and for 2023, a pilot course is planned
for the German Society for Orthopaedics and Trauma
Surgery (Deutsche Gesellschaft für Orthopädie undUn-
fallchirurgie [DGOU]) in the facilities of the Academy
for Trauma Surgery (Akademie für Unfallchirurgie
[AUC]) in Munich, Germany.

Conclusion

Despite the inevitable specialization in surgery, every
surgeon concerned with trauma patients should pos-
sess basic skills in vascular trauma surgery. The vas-
cular trauma surgery training course introduced here
is able to provide non-vascular surgeons with a basic
skill set for the management of traumatic and iatro-
genic vascular injuries. The profound experience in
the training of military surgeons can be of use for the
development of training programs for civilian general
and trauma surgeons.
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