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Contemporary management and prognosis of great vessels trauma
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A B S T R A C T

Background: Great vessel trauma (GVT), which is defined as trauma to the aorta or vena cava, remains one
of the most challenging injuries to treat and has a high mortality rate despite advances in modern
medicine. Additionally, the optimal management of GVT is controversial. In this study, we review the
incidence, management, and outcome of GVT, identify the current status and prognostic factors of GVT,
and compare treatment outcomes.
Methods: We conducted a retrospective, single-center, cohort study of patients with GVT in a Level I
trauma center from August 2008 to December 2013. We retrieved demographic data, physical and
imaging findings, injury severity score (ISS), treatment choice, length of hospital stay, and mortality. We
analyzed the risks of adverse outcomes and mortality.
Results: The seventy-four patients in this cohort had a mean age of 41.6 (SD 17.7) years and a high
mortality rate of 27%. The prognostic factors of survival with GVT included male gender, lower ISS, higher
GCS, higher SBP and DBP and vena caval injuries. We also determined that vena caval injury is the main
factor that can predict mortality.
Conclusion: In conclusion, GVT is relatively rare but often lethal in clinical practice. Patient survival
depends on injury severity and the shock status grade. Aggressive resuscitation and treatment play
important roles in survival. The coordination of different levels of surgical expertise and the application
of novel treatment methods are required to improve clinical outcomes for patients with vena caval
injuries.
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Introduction

Great vessel trauma (GVT), which is defined as trauma to the
aorta or vena cava, remains one of the most challenging injuries to
treat and has a high mortality rate despite advances in modern
medicine. The incidence of GVT among all trauma patients is
approximately 0.6–2% [1–3]. Because of the relatively low
incidence of this type of injury, clinical experience is quite limited.
Although the incidence is low, the reported mortality rates are
13.5–15% for aortic injuries [4,5] and 36–60% for vena caval injuries
(VCI) [1,6].

An accurate diagnosis is difficult when the patient exhibits no
symptoms, which could occur due to temporal compression via
hematoma. Of these injuries, 5% will progress to a lethal situation
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within a day [7]. Recent developments in computed tomography
have enabled an earlier diagnosis of GVT. Improvements in
resuscitation management and surgical technique combined with
rapid referral to an experienced trauma center have prolonged the
survival of GVT patients [4,5,8].

Surgical intervention had traditionally been the standard
procedure for GVT, but the prognosis with this treatment strategy
is not satisfactory. The aorta and vena cava are difficult to
approach surgically because of their anatomic location and their
tendency for massive hemorrhage. Currently, nonoperative
management is being applied for many types of trauma, including
GVT [9–12]. In addition, endovascular techniques are well
developed for treating aortic trauma and can significantly
decrease mortality and morbidity [4,5]. By contrast, current
treatments for vena caval trauma vary greatly, and the results
appear less promising [1,11,13–18].

The aim of this study is to review the methods of treatment of
GVT in our institution. The study also attempts to identify the
current status and prognostic factors of GVT and compare
treatment outcomes.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.injury.2019.03.054&domain=pdf
mailto:surgymet@gmail.com
https://doi.org/10.1016/j.injury.2019.03.054
https://doi.org/10.1016/j.injury.2019.03.054
http://www.sciencedirect.com/science/journal/00201383
www.elsevier.com/locate/injury


Table 1
Demographic characteristics of patients with great vessel trauma.

Numbers 74

Age mean (SD) 41.6 (17.7)
Mechanism n,%

Motor vehicle collision 54; 73%
Crushing 5; 7%
Fall 12; 16%
Penetration 3; 4%

Injury site n
Aorta 61
Location
Isthmus 43
Descending aorta 18

Grade
I 8
II 12
III 34
IV 7
Vena cava 13

Location
Intrathoracic 1
Suprahepatic intrabdominal 5
Suprarenal retrohepatic 3
Suprarenal infrahepatic 1
Infrarenal 3

Management n;%
Surgery 25; 34%
Endovascular treatment 34; 46%
Conservative management 15; 21%

Length of hospital stay days, mean (SD) 21.9 (24.4)
Morbidity n;% 17/54; 32%
Mortality n;% 20/74; 27%
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Materials and methods

Data collection

We conducted prospective data collection using a trauma
registry at Chang Gung Memorial Hospital (CGMH), Linkou,
Taiwan. Demographic data, medical history, perioperative and
hospital treatments, follow-up, and information regarding com-
plications were prospectively recorded in a computerized data-
base. We retrospectively reviewed all patients who suffered from
GVT between August 2008 and December 2013 in CGMH, Linkou,
which is a Level I trauma center in Taiwan that treats
approximately 3500 trauma patients annually. The cases, which
include aortic trauma and vena caval trauma, were retrieved by
filtering according to the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) codes (901.0,
901.2, 902.0, and 902.1). The dataset was further limited to patients
older than 16 years of age. The study was approved by the Internal
Review Board of CGMH.

Study population

All patients were managed by a trauma team from their arrival
at the emergency bay through discharge. Demographic informa-
tion, physiological data and imaging findings were collected. In
addition, the injury severity score (ISS) and associated injuries
were recorded. The severity of blunt thoracic aortic injury (BTAI)
was recorded according to the guideline of the Society of Vascular
Surgery (SVS) [19]. The location of the GVT and the therapeutic
procedure (e.g., surgery, endovascular treatment, conservative
management) were collected.

Information on postoperative recovery, complications, and
length of hospital stay (LOS) were collected. All patients were
followed up with in the outpatient department, and information
on associated complications or sequelae were collected. Mortality
and cause were also recorded. We excluded patients without a
definitive GVT diagnosis and those who did not follow-up in our
hospital till final result confirmed from our study.

Statistical analysis

Pearson’s X2 test and Fisher’s exact test were used as
appropriate to compare categorical variables. Quantitative varia-
bles were compared using Student’s t-test, and the Mann–Whitney
U test for two groups analysis and ANOVA and the Kruskal-Wallis
test for three groups analysis. All statistical analyses were
performed with SPSS v. 20.0 for Macintosh (SPSS Inc, Chicago,
IL, USA). A value of p < 0.05 was considered statistically significant.
Fig. 1. Axial view of a computed tomography scan of aortic trauma. (A) An aortic injur
(arrowhead) and predominant right hemothorax.
Results

During the study period, 76 patients were treated for GVT in our
institution. There were two patients excluded from this study
because they were transferred to other hospitals and we could not
define the final result of these patients, leaving 74 patients for
analysis. The demographic data of these 74 patients are summa-
rized in Table 1. Male patients accounted for 85% (n = 63) of the
study group. The mean age of the study group was 41.6 (17.7) years.
Of the patients included in this study, 70 (95%) were admitted with
blunt trauma. The causes of injury included motor vehicle
collisions (73%, n = 54), falls (16%, n = 12), and crushing (6%,
n = 5). Only three patients (4%) presented with penetrating injuries.
Thirteen patients (18%) were diagnosed with VCI (Fig. 3), and 61
(82%) were diagnosed with BTAI (Fig. 1). The median ISS was 26.5
with an interquartile range (IQR) of 20.75 ~34.5. The median
Glasgow Coma Scale (GCS) was 15 with an IQR of 10.5~15. Systolic
blood pressure (SBP) upon arrival at the emergency department
y with intimal flap and dissection (arrow). (B) An aortic injury with extravasation



Fig. 2. Reconstructive view of a computed tomography scan of aortic trauma. (A) An injured aorta with pseudoaneurysm formation (arrowhead). (B) An injured aorta after
endovascular stenting.

Fig. 3. Axial view of a computed tomography scan of vena caval trauma. (A) An infrarenal vena caval injury with pseudoaneurysm formation (arrow). (B) A vena caval injury
with contrast extravasation (arrowhead).
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averaged 112.2 (50.9) mmHg, and diastolic blood pressure (DBP)
averaged 66.5 (31.5) mmHg. The average LOS was 21.9 (24.4) days.
For BTAI, there were eight patients with grade I injuries (11%),
twelve had grade II injuries (16%), thirty-four had grade III injuries
(46%), and 7 had grade IV injuries (10%). In terms of injury location,
forty-three BTAI were located in the isthmus zone (71%) and
eighteen injuries were located in the descending aorta (29%).
Surgical repair was performed on 13 patients (21%), and 34
patients (56%) underwent endovascular procedures (Fig. 2). The
remaining patients (n = 14, 23%) were treated with nonoperative
management. Among the thirteen patients with VCI, one had
intrathoracic suprahepatic VCI (8%), five had intrabdominal
Fig. 4. Coronal view of a computed tomography scan of a vena caval trauma. (A) A s
conservative management, pseudoaneurysm regression was observed.
suprahepatic VCI (38%), four had suprarenal VCI, including three
retrohepatic VCI (23%) and one infrahepatic VCI (8%), and three had
infrarenal VCI(23%). Twelve of these patients (12/13, 92%)
underwent surgery. Venorrhaphy was performed on eight patents
(8/12, 67%). Repair procedures could not be performed on three
patients who were in grave condition. One patient with stable
hemodynamics was treated with nonoperative management for a
VCI (Fig. 4).

The overall mortality rate for GVT was 27% (20/74). The
prognostic factors of survival, which were determined by
comparing survivors and non-survivors, were the male sex (21%
vs. 64%, p = 0.003), higher GCS (median = 15, IQR 15~15 vs. median
uprarenal vena caval trauma with pseudoaneurysm formation (arrow). (B) After



Table 2
Prognostic factors of survival in patients with great vessel trauma.

Univariate analysis

Survivors N = 54 Non-survivors N = 20 P-value

Age yr, Mean(SD) 42.4 (17) 39.6 (19.8) 0.574
Gender n, %

Male 50 (79%) 13 (21%) 0.003
Female 4 (36%) 7 (64%)

Mechanism
Blunt 52 (73%) 19 (27%) 0.601
Penetration 2(67%) 1 (33%)
ISS median(IQR) 25(20~34) 31(25~45) 0.051
GCS median(IQR) 15 (15~15) 8.5 (3~15) < 0.001
SBP mmHg, Mean(SD) 125.8 (39.8) 75.3 (59.9) < 0.001
DBP mmHg, Mean(SD) 74.6 (26.9) 44.5 (33.0) < 0.001
Heart rate Mean(SD) 100.7 (26.3) 92.1 (54.4) 0.361
Management n, %

Surgery 14 (56%) 11(44%) 0.063
Endovascular 28 (82%) 6 (18%)
Conservative 12 (80%) 3 (20%)

Injury site n, %
Aorta 48 (79%) 13 (21%) 0.034
Vena cava 6 (46%) 7 (54%)

SD:Standard deviation; ISS Injury severity score ; IQR Interquartile range ; GCS
Glasgow coma scale ; SBP systolic blood pressure ; DBP Diastolic blood pressure.
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8.5, IQR = 3~15, p < 0.001), higher SBP (125.8 (39.8) mmHg vs. 75.3
(59.8) mmHg, p < 0.001), and higher DBP (74.6 (26.9) mmHg vs.
44.5 (33.0) mmHg, p < 0.001). Moreover, patients with VCI had a
higher mortality rate than those with BTAI (54% vs. 21%, p = 0.034).
Although management of the patient did not have a statistically
significant effect on mortality at the conventional 5% level, the
observed mortality rate of 44% was more than double the rate of
those receiving endovascular or conservative treatment. (Table 2).

A comparison of the BTAI and VCI groups is shown in Table 3.
Age, sex, trauma mechanism, ISS, GCS, SBP, heart rate, and DBP
were comparable between groups. The VCI group had a higher
surgical intervention rate than the BTAI group (92% vs. 21%,
p < 0.001). In advance, we divided the GVT injuries into three
groups: low-grade BTAI (grades 1 and 2, n = 20), high-grade BTAI
(grades 3 and 4, n = 41) and VCI. Comparing low-grade BTAI, high-
grade BTAI and VCI, the mortality were also higher for the VCI
Table 3
Comparison between patients suffering from low grade, high grade aortic and vena ca

Low grade Aortic trauma N = 20 Hight gr

GCS median(IQR) 15 (15~15) 15 (7.5~
SBP mmHg, Mean(SD) 128.5 (45.9) 107.0 (4
DBP mmHg, Mean(SD) 76.2 (23.2) 62.3 (29
Associated injuries n, %

Head & neck 4 (20%) 7 (17%) 

Chest 11 (55%) 27 (67%
Abdomen 14 (70%) 25 (63%
Extremity 7 (35%) 18 (44%
Face 1 (5%) 6 (14%) 

AIS median(IQR)
Head & neck 0 (0~1.5) 0 (0~0) 

Chest 3 (0~3) 3 (0~3) 

Abdomen 2 (0~3) 2 (0~2) 

Extremity 0 (0~0.5) 0 (0~3) 

Face 0 (0~0) 0 (0~0) 

ISS median(IQR) 25.5 (20~31.3) 26 (24~3
Management n, %

Surgery 2 (10%) 11 (27%)
Endovascular 7 (35%) 27 (66%
Conservative 11 (55%) 3 (2%) 

Mortality n, % 3 (15%) 10 (24%
Morbidity n, % 5/18 (28%) 7/32 (22

GCS:Glasgow coma scale ; IQR Interquartile range SBP systolic blood pressure ; SD S
Abbreviated Injury Scale.
group (54%), than high-grade BTAI (24%) and the low-grade BTAI
(15%) respectively with a statistically significance (p = 0.042). We
also found that morbidity is higher in VCI group (83%) than low-
grade BTAI (28%) than high-grade BTAI (22%) with a significant
difference (p = 0.011).

Discussion

This study evaluated the current status and prognostic factors of
survival in patients with GVT. Initial blood pressure, ISS, GCS,
necessity of surgery and VCI affect the outcomes of patients with
GVT. It is reasonable that mortality would be related to injury
severity, associated injuries, and physiological compensation.
Patients who present with hemorrhagic shock tended to have a
poor GCS, which led to irreversible coagulopathy, acidosis,
hypothermia and an increased risk of mortality. Khan et al. found
similar results that showed that hemorrhagic shock, the anatomi-
cal location of the injury, GCS, and ISS were important prognostic
factors of mortality [11]. The mortality rate of these types of
injuries is high, ranging from 36% to 65% in previous studies, and it
has been associated with injury location, blunt trauma, and factors
attributed to hemorrhage shock [20]. Appropriate fluid resuscita-
tion to help maintain adequate blood pressure and subsequent
tissue perfusion may be the first effort necessary for maintaining
life [21,22].

In GVT, the necessity of surgical intervention is another
prognostic factor for mortality. Demetriades et al. reported that
64.9% of patients with an aortic injury underwent endovascular
treatment, resulting in a mortality rate of 7.2%, compared to the
23.5% mortality rate of patients who underwent open repair
(p < 0.001). A significantly lower mortality and fewer blood
transfusions were also found in an endovascular group [4]. Xenos
et al. presented a meta-analysis showing that endovascular
treatment was associated with lower postoperative mortality
and ischemic spinal cord complication rates [5]. More than half of
the BTAI in our study were managed by endovascular therapy, and
the prognosis was promising compared to that of surgical
treatment and comparable to that shown in previous reports
[4,5]. A stent graft appears promising in the treatment of BTAI and
might be the optimal treatment for certain patient groups.
val trauma.

ade Aortic trauma N = 41 Vena caval trauma N = 13 P-value

15) 12 (6.5~15) 0.025
9.9) 103.4 (58.9) 0.266
.6) 64.7 (45.0) 0.870

3 (23%) 0.881
) 3 (23%) 0.026
) 10 (77%) 0.598
) 2 (15%) 0.175

1 (8%) 0.484

0 (0~0.5) 0.653
0 (0~1.5) 0.093
3 (1~3) 0.162
0 (0~0) 0.058
0 (0~0) 0.955

6) 29 (17~40.5) 0.301

 12 (92%) < 0.001
) 0 (0%)

1 (8%)
) 7 (54%) 0.042
%) 5/6 (83%) 0.011

tandard deviation; DBP Diastolic blood pressure ; ISS Injury severity score ; AIS
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Treatment options for VCI include conservative management,
primary venography, prosthetic grafts, total ligation and endovas-
cular stents. In the current study, direct repair was attempted in
eight patients. However, the treatment outcome was unsatisfacto-
ry. Van Rooyen et al. suggested that the objective of surgery should
be to stop the bleeding and not to achieve a patent, undistorted
vena cava [8]. As recommended in the literature for operative
management, venography, when feasible, offers the best chance of
survival. In addition, because of associated injuries sustained by
these patients, the use of damage control strategies is crucial. Total
ligation of the vena cava as part of this damage control may be a
life-saving procedure, but mortality and morbidity remained high
in the literature [1]. A circulatory bypass to repair suprahepatic and
retrohepatic caval injuries has been reported in a few studies
[17,23,24]. In our study, there was one case of successful
nonoperative management. Kuehne et al. reported only one
patient who was treated with conservative management in a
study of 136 patients with inferior vena caval injuries [21]. Patient
selection and continuous close observation in the intensive care
unit while maintaining low central venous pressure might be the
key to successful nonoperative management [11]. The treatment
modality should be based on the patient’s condition and injury
location, the surgeon’s technique, and institution resources. In
patients with stable hemodynamics and confined hematoma of
VCI, nonoperative management may increase the probability of
survival.

We identified the injury location as another prognostic factor
and showed that the VCI itself is associated with a poor
prognosis. The mortality rates in the current study were 54% in
the VCI group and 21% in the BTAI group. Outcomes remained
poor for VCI despite advances in acute care surgery for several
reasons. First, there is no well-developed endovascular treat-
ment for vena caval injuries. The use of endovascular treatment
for VCI has been reported [14–16], but this treatment is neither
readily available nor well studied worldwide. Second, more
complicated anatomic limitations might be encountered when
repairing the vena cava, which runs beneath numerous organs.
Third, the vena cava has a thinner, weaker wall than the aorta,
and the media layer of veins is not as well developed as that of
arteries and offers only weak support [8]. Fourth, a VCI can lead
to both major hemorrhage and a fatal air embolism, while a BTAI
may lead only to hemorrhage.

The present study increased our knowledge of this rare
trauma and demonstrated the mortality risk factors of GVT.
However, there are several limitations to this investigation.
First, this study was retrospective, and patient selection could
not be randomized. Although all data were collected prospec-
tively, and patient characteristics were similar and homoge-
neous, selection and recall bias could not be completely
prevented due to the nature of this study. There were some
differences in patient characteristics in our study from others.
Previous studies have shown that penetrating mechanisms
cause most VCI and can involve any portion of the vena cava
[8,13,20,25]. However, because of the prohibition of firearms in
our country, the majority (94.5%) of the traumas were caused
was blunt injury, which also led to fewer penetrating cases of
GVT and increased the number associated injuries of the
patients and therefore the ISS. This factor might be one of the
distinguishing differences between this study and others. The
third limitation is that we excluded patients with severe liver
lacerations from the IVC group of our cohort to clarify that the
risk is related to vessel injury and not liver laceration or
treatment complexity; the decreased number of cases might
lower the precision and accuracy of the current study. Finally,
there were two patients lost to follow up in our institute
because the caregivers’ request to transfer to other hospitals. We
couldn’t trace the final results of them; therefore, we had to
omit them from this study which makes another potential bias
on prognosis.

In conclusion, GVT is relatively rare but often highly lethal in
clinical practice. Patient survival depends on injury severity and
the grade of shock status. Aggressive resuscitation and
treatment play important roles in survival. The prognosis of
aortic trauma seemed promising with the advent of endovas-
cular treatment, but the outcomes of patients with VCI are still
disappointing. The coordination of different levels of surgical
expertise and the application of novel treatment methods are
required to improve the clinical outcomes of patients with vena
caval injuries.
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