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Endovascular treatment of a penetrating injury of the

suprarenal inferior vena cava
Rym El Khoury, MD, Nicholas M. Kunda, MD, and Mark L. Keldahl, MD, Chicago, Ill
ABSTRACT
In this case, a 22-year-old man sustained multiple gunshot wounds to the abdomen, which required in extremis surgical
exploration with damage control laparotomy and hemostatic resuscitation in the surgical intensive care unit. Diagnostic
angiography was negative and an inferior vena cava (IVC) injury was suspected. He was returned to the operating room,
where the infrarenal IVC was accessed by direct puncture and venography demonstrated active extravasation of the
suprarenal vena cava. The injury was successfully sealed with two overlapping endovascular aortic grafts, with care taken
to preserve flow from the renal and hepatic veins. He made a full recovery and was discharged home on hospital day 20.
Outpatient follow-up computed tomography at 2 months revealed a patent stent with preserved branches. Stent graft
repair of penetrating IVC injury can be lifesaving and warrants further investigation. (J Vasc Surg: Venous and Lym Dis
2019;7:247-50.)
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Inferior vena cava (IVC) injuries are encountered in
almost 5% of exploratory laparotomy in large trauma
series. Such injuries carry a dismal prognosis with mortal-
ity >50% in the field, of which 75% is directly secondary
to exsanguination. Patients who reach a hospital and
undergo operative intervention die in 30% of cases
within 24 hours.1,2

Whereas manual tamponade3 and shunting4-6 enable
temporary hemorrhage control, conventional approaches
to definitive repair are marked by difficulty of exposure
and visualization in the setting of concomitant injuries
along with morbid complications. In fact, ligation of the
IVC significantly increases the need for early fasciotomy.7

Primary venorrhaphy remains challenging even in spite
of adjunct balloon endovascular occlusion.8,9

Currently, 16% of traumatic arterial injuries are
managed by endovascular techniques, mostly repre-
sented by direct intra-arterial embolization.10 However,
few venous stent repairs are described. In this case, intra-
operative details of endovascular repair of a penetrating
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suprarenal IVC injury and perioperative outcomes are
reported. The patient’s consent was obtained to report
this case.

CASE REPORT
Presentation of the patient and initial exploration. This

patient is a 22-year-old man without past history who presented

to a level I trauma center with multiple gunshot wounds to the

epigastrium, right costovertebral angle, and left medial thigh.

On initial assessment, the patient was found to be unstable; a

focused assessment with ultrasound for trauma was positive for

fluid in the subhepatic recess (Morison pouch). With the com-

bination of hemodynamic instability and penetrating injury, he

was emergently taken for a damage control trauma laparotomy,

at which massive hemorrhage was noted. Four-quadrant and

pelvic packing was performed along with open portal venous

repair. After temporary abdominal closure, the patient was

transferred to the surgical intensive care unit with improved

hemodynamics for continued hemostatic resuscitation

including 58 units of blood products.

Endovascular repair of IVC injury. In the surgical intensive

care unit, recurrent hemodynamic instability prompted aortic

angiography. A negative result (Fig 1) was followed by immedi-

ate return to the operating room. On re-exploration, an emer-

gent vascular surgery consultation was requested for ongoing

hemorrhage thought to arise from the IVC. After adequate yet

difficult exposure further obscured by coagulopathy, without

clear identification of the level of injury, primary venorrhaphy

was not possible. The decision was therefore made to proceed

with hybrid endovascular stent graft repair with open access to

the infrarenal IVC.

A 6F sheathwas placed in themost distal portion of the IVC just

above its bifurcation over a 0.035-inch J-wire for diagnostic

venography. After confirmation of extravasation of contrast

material along the right posterolateral aspect of the suprarenal
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Fig 1. Aortic angiogram negative for extravasation of
contrast material. The dashed red lines mark the contours
of the aorta.

Fig 2. Intraoperative venogram positive for extravasation
demonstrated by the red arrow. Patent hepatic and right
renal veins are marked by the dashed arrow and black
arrow, respectively.
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IVC (Fig 2), the sheathwasupsized to 18F toenabledevicedelivery.

After approximate sizing based on initial venography, proximal

28-� 82-mmanddistal 28-� 28-� 70-mmEndurant (Medtronic,

Santa Rosa, Calif) covered stents were deployed in sequence

between thehepatic and renal IVCbranches. Balloon angioplasty

was not performed to avoid further venous wall disruption.

Completion venography demonstrated absence of extravasation,

stent position between the eighth thoracic and first lumbar

vertebral bodies, and patent renal and hepatic veins (Fig 3). The

venotomy was closed with a running 5-0 Prolene suture.

Postoperative outcomes. The patient received an addi-

tional 11 units of blood products. He remained hemodynamically

stable with transient acute kidney injury and shock liver, which

resolved on hospital days 3 and 5, respectively. A 7-day lower

extremity duplex ultrasound examination was negative for

thrombosis bilaterally. He was prescribed prophylactic subcu-

taneous heparin on postoperative day 6 with no long-term

antiplatelet therapy. He was discharged home after a 20-day

hospital stay leading to full recovery.

A 2-month follow-up computed tomography scan (Fig 4)

showed a patent stent in stable position with patent bilateral

iliac veins. The plan for further follow-up at this point consists

of biannual cross-sectional imaging.

DISCUSSION
This case describes successful endovascular stent repair

of catastrophic suprarenal IVC injury with satisfactory
midterm outcomes. Applying principles similar to the
management of a ruptured abdominal aortic aneurysm,
stent graft repair of the IVC has been reported in cases of
iatrogenic injury during spine surgery11 as well as in resec-
tion of retroperitoneal masses,9,12 with a 15-month docu-
mented patency.13 In spine surgery, an endovascular
approach seems to be facilitated by ready access to
fluoroscopy.11

Recognizing the need for a multimodal approach to
severe injuries,14 interest in the combined expertise of
vascular surgeons and acute care trauma surgeons and
use of hybrid operating suites have been increasing.15 In
complex traumatic vascular injuries, endovascular repair
represents a useful addition to the therapeutic arsenal.16

Indeed, numerous advantages of an endovascular repair
of IVC injury include minimized dissection,17 decreased
subsequent coagulopathy,18 reduced procedure time,19

and improved physiologic parameters and venous return
with avoidance of prolonged clamping.8

However, to date, surgical technique has not been
standardized. First, the initial injury assessment can be
limited by injection of contrast material in a low-
pressure and high-flow system.19 Selective cannulation
for identificationof the renal andhepatic venousbranches
might be necessary and cumbersome.16 Second, the
optimal access site is unclear. Unilateral and bilateral
femoral accesses have equally been described,11 whereas
reports of direct IVC access with subsequent direct repair
remain rare.9 Rosenthal et al20 commentedon theuseof a
purse-string suture tominimize additional bleeding from
the access sheath while potentially reducing the risk of
stenosis. Sheath size, additional iliofemoral system injury,



Fig 3. Completion angiogramwith absent extravasation of
contrast material and confirmed stent placement be-
tween the hepatic and renal veins.
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diagnostic threshold of direct IVC vs femoral venography,
and working distance between access site and device
deployment target must all be considered. Third, place-
ment of a large sheath in a fragile vessel is associated
with a risk of worsened injury. For example, Briggs et al12

described repair througha22F sheath,whereas this report
involves a smaller 18F sheath. Fourth, the order of sequen-
tial stent deployment remains inconsistent21 but should
focus on hemorrhage control and preservation of side
branches. The use of pediatric stent grafts instead of
off-label arterial devices has been successfully reported
Fig 4. Computed tomography of the abdomen and pelvis
at 2-month follow-up demonstrates patent inferior vena
cava (IVC) stent.
to that effect.13 Although parallel temporary balloon
occlusion can be helpful,12 it was not used in this case
and could have optimized exposure for primary repair.8,12

Prosthetic endovascular graft infection in a contaminated
field has rarely been published and seems unlikely in the
absence of hollow viscus injury.2,22 Whereas caval erosion
and migration are well known complications of
indwelling IVC filters, scarce data exist on the off-label
use of intra-arterial devices in the venous system.23,24

Furthermore, no consensus prevails on the optimal device
choice, and reports spanaortic stent graft tomodified self-
expanding stents.9,16,25 Inappropriate sizing of arterial
stent grafts for venous use might result in worsened out-
comes, and follow-up imaging is critical to assess for posi-
tion andbranchocclusion. Although itwasnot used in this
case, intravascular ultrasoundmay serve as an adjunct for
best device selection, bearing in mind that venous diam-
eter measurements in a hypovolemic patient may still
be inaccurate. Finally, neointimal hyperplasia resulting in
a 27% luminal diameter reduction has been reported in
an IVC canine model.25 Antiplatelet and anticoagulation
therapy couldmitigate the risk of indwelling venous stent
grafts. Recommendations on this novel approach are
awaited. Surgical simulation and further animal model
descriptions18 could prove helpful.

CONCLUSIONS
Endovascular stent repair of the injured IVC is an effec-

tive and lifesaving alternative to open difficult access and
control. Combined with hemostatic resuscitation and
critical care management, success was demonstrated
with positive midterm outcomes. Efforts need to
continue in procedure streamlining, indwelling dedi-
cated venous device development, and longer term
clinical and imaging data collection.
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