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INTRODUCTION

The mortality rate from inferior vena cava (IVC) injuries is esti-
mated to be approximately 20% to 66%; more than one-third of
patients do not survive to reach a hospital, and another third die
within 24 hours of treatment [1]. Despite advances in prehospital

Inferior vena cava (IVC) injuries can have fatal outcomes and are associated with high mortality
rates. Patients with IVC injuries require multiple procedures, including prehospital care, surgical
techniques, and postoperative care. We present the case of a 67-year-old woman who stabbed herself
in the abdomen with a knife, resulting in an infrarenal IVC injury. We shortened the transfer time
by transporting the patient using a helicopter and decided to perform direct-to-operating room re-
suscitation by a trauma physician in the helicopter. The patient underwent laparotomy with IVC li-
gation for damage control during the first operation. The second- and third-look operations, includ-
ing previous suture removal, IVC reconstruction, and IVC thrombectomy, were performed by a
trauma surgeon specializing in cardiovascular diseases. The patient was discharged without major
complications on the 19th postoperative day with rivaroxaban as an anticoagulant medication.
Computed tomography angiography at the outpatient clinic showed that thrombi in the IVC and
both iliac veins had been completely removed. Patients with IVC injuries can be effectively treated
using a trauma system that includes fast transportation by helicopter, damage control for rapid he-

mostasis, and expert treatment of IVC injuries.
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care and surgical techniques, the mortality rates associated with
penetrating IVC injuries have not improved [2]. Survival after an
IVC injury can be predicted by the severity and anatomic accessi-
bility [3]. The suprahepatic segment (100%) has the highest mor-
tality rate, followed by the retrohepatic (78%), juxtarenal (50%),
suprarenal (33%), and infrarenal (33%) segments [4]. Patients
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with IVC injuries require treatment using multiple resources, in-
cluding blood products, anesthetic care, intensive care units, and
appropriate operations. Additionally, these patients require man-
agement at a dedicated trauma center that follows early damage
control principles [5]. In this case report, we review the role of
trauma surgeons in a well-structured trauma system for rapidly
treating a patient with an IVC injury using helicopter transporta-
tion, appropriate surgical methods, and postoperative care.

CASE REPORT

A 67-year-old woman with depression stabbed herself in the ab-
domen using a knife. According to the patient information re-
ceived through emergency medical services, the center of the ab-
domen was injured, and her systolic blood pressure was 70
mmHg (Fig. 1A). The accident site was approximately 20 km
from the hospital and transporting the patient by car would have
taken 40 to 50 minutes. Therefore, the patient was transferred us-
ing a helicopter to Regional Trauma Center of Southern Gyeong-
gi Province (Suwon, Korea), and a trauma physician was directly
dispatched to the scene in the helicopter. After examining the pa-
tient, the trauma physician decided to use direct-to-operating
room (DOR) resuscitation and performed femoral vein catheter-
ization in the helicopter (Fig. 1B). Upon arrival, the patient was
transported to the operation room and a massive transfusion
protocol was activated. Trauma and anesthesiologist teams were
on standby in the operating room. The details of the treatments
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Laparotomy was performed, and massive hemoperitoneum

by time are described in Fig. 2.

with a midline inframesocolic retroperitoneal injury was noted.
Right-sided medial visceral rotation was performed, and an in-
frarenal IVC injury was observed. Both the anterior and posteri-
or walls of the IVC were torn, resulting in massive bleeding.
Temporary control was achieved by compressing the IVC against
the spine, both above and below the injury, using tightly rolled
laparotomy pads secured with ringed clamps. We encountered
difficulties in executing a simple lateral repair. Due to the pa-
tient's risk of exsanguination and poor visibility from the exten-
sive bleeding, we opted to perform a suture ligation using a large
needle to create a gross hemostatic stitch (Fig. 3A). Damage to
the small-bowel mesentery was also repaired. The estimated
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Fig. 1. Images of the patient. (A) Stab wound in the abdomen. (B)
Trauma physician performing resuscitation in the helicopter.

Patient contact Helicopter Arrival and departure from . . e
with EMS activation handover point Arrival at hospital DOR resuscitation
Trauma physician assessed ‘ MTP activation ’ Damage control surgery

and decided to perform DOR
resuscitation and 9F CVC
insertion
+ Abdominal stab wound with evisceration
« Blood pressure 70/40 mmHg
« Saturation 100%
« Glasgow Coma Scale 14

and IVC ligation

Fig. 2. Flow of resuscitation from the scene to the operating room for patient with a penetrating inferior vena cava injury. EMS, emergency medi-
cal services; DOR, direct-to-operating room; CVC, central venous catheter; MTP, massive transfusion protocol; IVC, inferior vena cava.
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blood loss amounted to 6,300 mL. On the same day, the patient
received transfusions of 24 U of red blood cells, fresh frozen plas-
ma, 1 U of plateletpheresis, and 10 U of cryoprecipitate. We con-
cluded with a temporary abdominal closure.

We conducted a second-look operation the next day. The sur-
gery was performed by a trauma surgeon specializing in cardio-
vascular diseases. As the IVC was completely occluded; we re-
moved the previous suture and meticulously repaired the IVC.
The posterior wall of the IVC was sutured from the inside to the
damaged anterior wall. We utilized a Doppler ultrasound to ob-
serve the blood flow in the IVC, which appeared to be weak.
Consequently, we executed a temporary abdominal closure and
identified thrombi in the IVC and both iliac veins using comput-
ed tomography angiography (CTA). For our third-look opera-
tion, we performed an IVC thrombectomy (Fig. 3B). Ultimately,
we closed the abdominal wall. The patient continued her postop-
erative regimen of rivaroxaban as an anticoagulant. Despite expe-
riencing swelling in both legs and a rectal ulcer with bleeding, she
was discharged without significant complications on the 19th
postoperative day. A month after discharge, the patient was eval-
uated at an outpatient clinic. The thrombi in the IVC and both iliac
veins were completely removed, as confirmed by CTA (Fig. 4).

Ethics statement

This study was reviewed and approved by the Institutional Re-
view Board of Ajou University Hospital and Human Research
Protection Center of Ajou University Hospital (No. AJOUIRB-
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EX-2023-387). The requirement for informed consent was
waived, as all data were de-identified to protect the patient’s right

to privacy.

DISCUSSION

The patient was transported by helicopter. The trauma physi-
cians rapid vascular access and decision to start DOR resuscita-
tion from the moment the patient was boarded onto the helicop-

ter enabled rapid hemostasis. Damage control surgery was ini-

Fig. 3. Intraoperative images. (A) Suture ligation of the inferior vena
cava at initial damage control surgery (arrow). (B) Inferior vena cava
repair with thrombectomy at third-look operation (arrow).

Fig. 4. Computed tomography (CT) scan of the patient. (A) CT scan performed after the third-look operation. Thrombi at the inferior vena cava
and both iliac veins are detected (arrows). (B) CT scan performed 1 month postoperatively. The thrombi at the inferior vena cava and both iliac
veins were removed (arrows).
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tially performed according to the principle of rapid hemostasis.
When the patient improved, we collaborated with a cardiovascu-
lar trauma surgeon for the second-look surgery, which yielded
optimal results.

Trauma care emphasizes the importance of treating patients
promptly. Helicopters have become an alternative for transport-
ing patients when ground transportation is considered less effec-
tive or unfeasible. Helicopters offer clear advantages such as faster
transport time and a more experienced medical crew [6]. Heli-
copter transport significantly improves the survival rate of pa-
tients with trauma [7].

Hemorrhage control is time-critical because delays in bleeding
control in patients with significant abdominal injuries are associ-
ated with high mortality [8]. For patients requiring immediate
surgery, the goal of the trauma system is to minimize delays to
the operating room and initiate surgical interventions. One of the
methods proposed to achieve this goal is DOR resuscitation,
which identifies patients requiring surgery and has been found to
lead to improved survival [9]. Since the establishment of the re-
gional trauma center in 2016, our center has been implementing
the DOR protocol based on the following indications: (1) a pene-
trating injury accompanied by low blood pressure; (2) a wit-
nessed cardiac arrest; (3) prehospital low blood pressure (i.e., sys-
tolic blood pressure below 90 mmHg); (4) uncontrolled major
external bleeding (such as from a knee or proximal elbow ampu-
tation); and (5) trauma to the neck region that could potentially
cause severe airway damage. If the dispatched doctor decides to
implement the DOR protocol, this decision must be made at least
5 minutes prior to arrival at the center. The waiting team then
prepares blood products in advance to immediately implement
mass blood transfusion protocols, and contacts the anesthesiolo-
gy department to prepare an operating room. During the transfer
process, if feasible, vascular access (intraosseous, large-bore pe-
ripheral line, preferred multilumen access catheter at the subcla-
vian vein, femoral vein) should be attempted and a blood sample
should be obtained before arriving at the hospital.

However, the surgical management for IVC injuries remains a
matter of debate. As primary repair may not always be possible,
IVC ligation can be performed simply and quickly. Ligation of
the IVC is preferable as part of damage control surgery in criti-
cally ill patients. However, a previous study has reported that the
incidence of compartment syndrome (odds ratio [OR], 5.23),
pneumonia (OR, 1.76), deep venous thrombosis (OR, 2.83), and
pulmonary embolism (OR, 3.63) were significantly higher in pa-
tients who underwent IVC ligation [10].

Although few studies have been conducted on the surgical
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treatment of IVC thrombosis in patients with trauma, several
have been conducted on patients with renal cell carcinoma. IVC
thrombectomy is a complex procedure that necessitates a multi-
disciplinary team and skilled surgeons. For patients who have
undergone thrombectomy, postoperative anticoagulation therapy
is recommended and should be continued for a period of 4
weeks. Those with residual thrombi should receive therapeutic
anticoagulation for a duration of 6 months [11].

Developments in trauma services such as prehospital triage,
enhanced hospital procedures, and in-hospital specialized trau-
ma care teams have contributed to the implementation of trauma
systems. The management of patients with trauma in a well-es-
tablished trauma system is associated with decreased mortality
[12]. Trauma systems provide an inclusive, integrated structure
for providing optimal care to patients with trauma.

As described in this case report, a critically ill patient with an
IVC injury was effectively treated using an advanced trauma sys-
tem. Fast transport using a helicopter, damage control for rapid
hemostasis, and expert treatment for IVC injuries were coordi-
nated proficiently and harmoniously in our trauma system.
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