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Introduction

Abdominal trauma can have a myriad of etiologies and im-
plications that dictate diagnosis and treatment. Depending on 
the area of the abdomen affected, there are a variety of steps to 
work up patients and dictate the proper next steps in manage-
ment. The two most common forms of abdominal trauma are 
penetrating trauma and blunt trauma. Penetrating trauma most 
often refers to injuries to the peritoneum, including gunshot 
wounds and stabbings, while blunt trauma refers to high impact 
injuries, such as motor vehicle collisions [1]. Studies show that 
blunt abdominal traumas are more common than penetrating 

abdominal traumas, accounting for 70-80% of abdominal trau-
ma injuries [2]. However, penetrating traumas usually require 
immediate surgical laparotomies, as vital injuries to the perito-
neum and associated organs, including the liver and spleen, can 
put patients at increased risk of mortality.

Depending on the type of abdominal trauma, different mea-
sures are taken in diagnosis and treatment. If a patient pres-
ents with hemodynamic instability, including hypotension and 
tachycardia from significant bleeding, patients are immediately 
sent for surgical laparotomy due to imminent risk of mortality. 
This is also the case if patients present with signs of peritonitis, 
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including abdominal rigidity or severe tenderness to palpation. 
However, if patients present hemodynamically stable, immedi-
ate surgery is not required [3]. A Focused Assessment for So-
nography and Trauma (FAST) exam can be completed, which 
can identify bleeding in the abdominal cavity or peritoneal sac, 
possibly indicating the presence of retroperitoneal fluid. If the 
FAST exam is positive, patients are usually rushed into surgery 
[4]. If the FAST exam is negative, a CT scan of the abdomen and 
pelvis can be conducted to rule out any injuries to vital organs, 
including the liver or spleen. This has become a highly used im-
aging technique for injuries to these organs [4].

The liver and spleen are the two most common organs im-
pacted during abdominal trauma injuries [1]. Penetrating ab-
dominal traumas usually injure the lower lobe of the liver, while 
blunt abdominal traumas usually injure the posterior lobe of 
the liver [5]. In assessing blunt hepatic trauma, patients do not 
always require surgical intervention. As mentioned above, pa-
tients without severe bleeding or signs of hemodynamic insta-
bility may simply be managed with observation, serial CT scans, 
and laboratory evaluations, including a complete blood count 
or basic metabolic panel [4]. While surgery is indicated in hemo-
dynamically unstable patients and in those with peritonitis, it is 
also indicated to prevent bile leakage and in removal of necrotic 
tissue that can cause persistent damage to other organs [6].

Another qualifying method of treatment for hepatic trauma 
injuries is the use of hepatic arterial or venous embolization. 
These methods work by preventing persistent hemorrhage in 
the face of hepatic trauma injuries when nonoperative man-
agement does not sufficiently stop the bleeding with the use 
of coils or gels [7]. A contrast blush, which indicates pooling of 
fluid around an injured organ, is also a primary indication for 
angiographic embolization to further control hemorrhage [8]. 
While the liver has increased blood flow through the arterial 
and portal venous system, the persistent disruption of vascular 
structures through trauma can lead to difficulties maintaining 
the viability of the liver and surrounding tissues, leading to ne-
crosis and hemodynamic instability [9]. Indications for conduct-
ing hepatic arterial vs. portal venous embolization are relative 
to the damaged vascular supply, and both types of emboliza-
tion can lead to a myriad of complications, including hepatic 
necrosis, hepatic ischemia, bile leak, and even acute respiratory 
distress syndrome in some cases [10]. However, studies have 
shown that patients with blunt hepatic trauma with severe he-
patic injuries up to grade III or IV have improved outcomes fol-
lowing angiographic embolization in comparison to those who 
do not undergo angiographic embolization [11].

Deciding on operative management has become a mainstay 
discussion in the medical field. Factors including method of in-
jury, vital signs, and past medical history of the patient all play a 
vital role in designating the proper method of care for such pa-
tients. We hope our case report provides information and guid-
ance on how to diagnose and manage persons with traumatic 
hepatic injuries, and on the imperative next steps in manage-
ment to prevent further bleeding and hemodynamic collapse. 
By looking at how our patient presented and at their medical 
history, in addition to the literature pertaining to guidelines in 
management, we hope to provide a more updated approach to 
treatment of such injuries in the medical field and beyond.

Figure 1: Penetrating trauma to right chest wall.

Case report

A 59-year-old male presented to the trauma bay as a trauma 
alert. The patient is an off-duty police officer that was involved 
in an altercation at a nearby parking lot. The perpetrator pro-
duced a knife on-site and the retired police officer received sev-
eral large lacerations. One laceration was to the right forearm 
and hand, and another was to the right chest wall (Figure 1). 
Initially, the patient had moderate blood loss from the upper ex-
tremity injury. At the altercation site, a primary survey was initi-
ated. A tourniquet was placed by the police department on-site 
prior to Emergency Medical Services’ (EMS) arrival. EMS placed 
a second tourniquet on the site and provided bulky dressing 
and compressive dressing. IV access was started and oxygen 
was administered intravenously. Occlusive dressing was placed 
on the chest wall wound and the patient was transported to the 
trauma center. 

Airway was patent, and the patient was speaking freely with 
no acute distress. The patient was breathing, with equal bilat-
eral air entry and with visible chest rise and no paradoxical seg-
ments and no crepitus or tenderness on palpation. There was a 
lower chest/upper abdomen wound 3 cm in length, but with-
out a visible open sucking chest wound. There was no active 
bleeding. The wound was covered with dressing. Circulation 
yielded blood pressure and a heart rate within normal limits. 
Right upper extremity had an external source of active bleed-
ing and was packed by the EMS. Disability yielded a glasgow 
coma scale (GCS) of 15, with the patient moving all 4 extremi-
ties spontaneously and with no focal neurological motor and 
sensory deficit. Exposure yielded no long bone deformity and 
showed a stable pelvis. Abdominal exposure yielded no obvi-
ous injuries and was nontender to palpation. Secondary survey 
was subsequently initiated by the trauma team consisting of a 
trauma surgical attending, trauma surgical resident, and trauma 
nurses. The patient has a past medical history of high choles-
terol and hypertension. 16-point review of systems were insig-
nificant, with the exception of lacerations to the chest wall and 
right hand. Initial physical exam (PE) is provided in Figure 2. PE 
was positive for diaphoresis, decreased breath sounds on the 
right, a 3 cm laceration to the chest wall just superior to the 
costal margin and right anterior axillary line. The patient was 
cooperative and had appropriate mood and affect and no inten-
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tions of suicide or homicide. Vital signs are as charted in Figure 
3. After the patient was stabilized, it was decided by the trauma 
team that the patient would be transferred to radiology for an 
urgent CT angiography. 

Figure 2: Initial physical exam.

Figure 3: Initial vital signs.

The results of the CT angiography (CTA) (Figure 4) demon-
strated: 

1. Approximate 6 cm laceration segment IVb left lobe 
of liver. Large subcapsular hematoma involving approximately 
60% of the liver. Findings are consistent with grade 3 injury. 
Trace pneumoperitoneum as well as subcutaneous emphysema 
in right upper abdomen near the laceration. No foreign body.

2. Moderate hemorrhage is seen around the spleen with-
out evidence of splenic injury.

3. Soft tissue laceration in palmar aspect of the right 
wrist. No evidence of acute arterial injury.

4. No evidence of acute traumatic injury to the chest.

Following the results of the CTA, it was agreed that the plan 
would include the patient being admitted to the trauma inten-
sive care unit (TICU). Interventional radiology would be consult-
ed for possible arterial/venous embolization of the liver. The pa-
tient remained on NPO with maintenance IV fluids, pain control, 
antiemetics, and GI prophylaxis. Hematocrit and hemoglobin 
levels would be monitored every 6 hours. Additional manage-
ment included oxygen therapy and bowel regimen, as well as 
getting case management involved.

Following an interventional radiology consultation, it was 
decided that a visceral angiogram with coil embolization of the 
middle hepatic artery via right common femoral artery would be 
indicated (Figure 5). Before the procedure was performed, the 
indications, alternate options, and possible complications were 
explained to the patient and written consent was obtained. The 
patient was brought to the angiography suite and placed supine 
on the angiographic table. No conscious sedation was adminis-

tered during this procedure. A radiology nurse monitored the 
patient’s vital signs throughout the procedure. Both groins were 
prepped and draped in the usual sterile fashion, creating a max-
imum sterile barrier. Appropriate hand hygiene was performed 
before the procedure. 

Figure 4: Angiogram of Middle hepatic artery angiogram showed 
the active extravasation.

Figure 5: Embolization procedural steps.

A limited ultrasound right groin was performed. After suc-
cessfully identifying a patent right common femoral artery, real 
time ultrasound guidance was used to puncture the right com-
mon femoral artery, using an aseptic technique. A permanent 
recording was created for the patient’s record. After a series of 
exchanges, a 5 french vascular sheath connected to a continu-
ous drip of heparinized saline was placed into the artery. Us-
ing a selective omniside winder (SOS) catheter, the celiac trunk 
was catheterized. Angiogram was performed. Next, a 2.8 french 
progreat microcatheter was advanced into the common hepatic 
artery over a fathom wire. An angiogram was performed. The 
combination was advanced into the proper hepatic artery fol-
lowed by angiogram. Next, the middle hepatic artery was cath-
eterized and an angiogram was performed. Coil embolization 
of the middle hepatic artery was performed, however the coil 
did not deploy entirely and had to be removed in entirety. After 
regaining access into the middle hepatic artery, coil emboliza-
tion was performed using a 2 mm x 4 cm coil and 15 cm packing 
coil. Repeat angiograms from the common hepatic artery and 
celiac trunk were performed (Figure 6). The catheter was then 
removed over a wire. A sheath angiogram of the right common 
femoral artery was performed. The sheath was removed and 
hemostasis was obtained with deployment of a 6 french. angio-
seal device. The patient tolerated the procedure well and was 
transferred from the procedure room in stable condition. Un-
changed distal pulses were noted after the procedure.
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Limited ultrasound of the right groin showed a pulsatile right 
common femoral artery distally and a patent and compressible 
common femoral vein. Angiogram from the celiac trunk showed 
patent common hepatic, left gastric, and splenic arteries. Angio-
grams from the common and proper hepatic arteries showed 
a patent gastroduodenal artery, left hepatic artery, middle he-
patic artery, and right hepatic arteries. Pooling of contrast was 
seen over the region of the trifurcation, raising concern for ac-
tive extravasation. Middle hepatic artery angiogram showed 
the active extravasation which was seen previously. Post-coil 
embolization angiograms showed no flow through the coil pack 
and resolution of the previously seen extravasation. Angiogram 
from the right groin sheath showed appropriate access of the 
right common femoral artery above the bifurcation and at the 
level of the femoral head.

Discussion

Stage III penetrating liver trauma, as seen in this case, is a 
high-risk injury characterized by significant parenchymal dam-
age and vascular involvement. Effective management requires 
a multidisciplinary approach involving rapid diagnosis, prompt 
resuscitation, and precise therapeutic interventions. This dis-
cussion aims to highlight key aspects of the clinical presenta-
tion, diagnostic tools, management strategies, and outcomes 
for such injuries.

Clinical presentation and diagnostic challenges

The patient’s clinical presentation, including hemodynamic 
stability and localized right chest and upper abdomen injuries, 
highlights the importance of thorough initial assessment in 
trauma cases. While this patient’s vital signs remained stable, 
the presence of a chest wall laceration and possible abdomi-
nal injury necessitated a focused and systematic evaluation. 
The FAST exam, often used as a first-line diagnostic tool, can 
provide critical information regarding hemoperitoneum but its 
sensitivity for solid organ injuries, such as liver lacerations, is 
limited [12]. In contrast, computed tomography angiography 
(CTA) offers superior detection of vascular injuries, hematomas, 
and active extravasation, guiding both injury classification and 
treatment strategy [13]. This case underscores the importance 
of CT angiography (CTA) in identifying the extent of organ and 
vascular damage, as demonstrated by the findings of a 6 cm liv-
er laceration, subcapsular hematoma, and active hemorrhage. 
The detailed imaging facilitated an accurate classification of the 
injury as Stage III and guided the subsequent treatment plan 
toward an interventional approach.

Management strategies

The primary goals of managing penetrating liver trauma are 
to control hemorrhage, preserve hepatic function, and prevent 
complications [14]. Nonoperative management (NOM) has 
become increasingly common for stable patients with hepatic 
injuries; however, this patient’s active bleeding and imaging 
findings would require intervention to address the extent of 
the patients liver trauma [15]. The use of visceral angiography 
and coil embolization exemplifies a targeted and minimally 
invasive method to control hepatic hemorrhage. Minimally 
invasive procedures have proven particularly efficacious and 
effective for grade III or higher hepatic injuries involving arte-
rial extravasation,[16] as observed in this case. The careful use 
of embolization materials, such as coils, allowed for successful 
hemostasis without significant compromise to surrounding vas-
cular structures. This aligns with existing literature, which dem-

onstrates improved outcomes for patients undergoing angio-
graphic embolization for severe hepatic trauma. The selection 
of embolization materials (e.g., coils, gelfoam, or liquid embolic 
agents) depends on the specific vascular involvement. Studies 
have demonstrated improved survival and reduced transfusion 
needs in penetrating liver injuries managed with embolization 
[17].

Hemostatic agents play a role in initial stabilization of patients 
with visible bleeding and less profuse internal hemorrhaging. 
The three most commonly used hemostatic agents can be used 
to address liver lacerations. However many are delivered par-
enterally; due to their imprecise administration they are often 
used to manage more moderate internal bleeding. Hemostatic 
agents have been proven to be efficacious and have a higher 
degree of clinical utility in specific use cases. Practitioners can 
decrease door to treatment time and mitigate risks associated 
with the implementation if they are aware of their utility [18].

1. Fibrin sealants (e.g., Tisseel, Evicel)

o Mechanism: Mimics the final step of the coagulation 
cascade by providing fibrinogen and thrombin, leading to clot 
formation [18].

o Use: Applied topically to the liver surface or within 
deep lacerations to promote clot stabilization

Contraindications: 

o Hypersensitivity to human plasma-derived proteins 
(risk of anaphylaxis).

o Disseminated intravascular coagulation (DIC) – Can 
worsen thrombosis.

o Active infection – Can promote microbial growth at the 
application site.

Negative effects: 

o Thrombosis risk: If used intravenously, it can cause 
thromboembolic events.

o Allergic reactions: Anaphylaxis, urticaria, fever (rare 
but serious).

o Poor efficacy in active arterial bleeding – Works best 
for oozing venous bleeding rather than high-pressure bleeding.

Indications: 

o Effective for oozing or moderate bleeding when surgi-
cal suturing is difficult.

2. Topical hemostatic agents (e.g., Surgicel, Gelfoam)

Mechanism: 

o Surgicel (oxidized regenerated cellulose): Creates a 
scaffold that promotes platelet aggregation and clot formation.

o Gelfoam (gelatin sponge): Absorbs blood and swells, 
promoting clotting.

o Use: Often used intraoperatively for low-pressure 
bleeding from liver parenchyma.

o Indications: Best for capillary or venous bleeding rath-
er than arterial bleeding.

Contraindications: 
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o Infected wounds – Can trap bacteria and lead to ab-
scess formation.

o Large arterial hemorrhage – Not effective for high-
pressure bleeding.

o Hypersensitivity to materials (rare).

Negative effects: 

o Foreign body reaction: Can cause granuloma forma-
tion or excessive fibrosis.

o Delayed wound healing: Due to inflammatory re-
sponse.

o Neurological complications: If mistakenly placed near 
nerves, can lead to compression.

o Reabsorption issues: Non-absorbable agents can per-
sist, causing chronic inflammation.

3. Tranexamic Acid (TXA)

o Mechanism: Antifibrinolytic agent that inhibits plas-
min activation, preventing clot breakdown.[16]

o Use: Given systemically (IV) to reduce overall blood 
loss in trauma patients.

o Indications: Used in massive hemorrhage or blunt liver 
trauma when bleeding is significant and ongoing.

Contraindications: 

o Active intravascular clotting (DVT/PE, MI, stroke his-
tory) – Can worsen thrombosis.

o Renal insufficiency – Can accumulate, increasing risk of 
adverse effects.

o Subarachnoid hemorrhage – Risk of cerebral infarction 
due to clot stabilization.

Negative effects: 

o Increased thrombotic risk: Higher chances of DVT/PE, 
especially in high-risk patients.

o Seizures: Common in high doses due to inhibition of 
GABA receptors.

o Hypotension: If given too rapidly via IV. 

o Nausea, vomiting, diarrhea: Mild GI disturbances.

Additional interventions in liver trauma

o Suturing or Hepatorrhaphy: Used for deeper lacera-
tions.

o Pringle maneuver: Clamping the hepatoduodenal liga-
ment to control hemorrhage from the hepatic artery or portal 
vein.

o Embolization: For arterial bleeding detected on angi-
ography.

o Packing with laparotomy pads: Temporary measure in 
damage control surgery.

Clinical takeaways: 

o Fibrin sealants → Avoid in DIC, infection, and hyper-
sensitivity.

o Topical hemostatic agents → Avoid in infected wounds, 
arterial bleeding, and high inflammatory risk areas.

o TXA → Avoid in thrombotic disorders, renal failure, and 
subarachnoid hemorrhage.

 Multidisciplinary approach

The case highlights the critical role of a coordinated multi-
disciplinary team, including trauma surgeons, interventional ra-
diologists, and intensive care specialists, in managing complex 
liver injuries. The patient was admitted to the trauma intensive 
care unit (TICU), where close monitoring of hemoglobin, he-
matocrit, and hemodynamic status ensured timely detection 
of potential complications. Pain management, gastrointestinal 
(GI) prophylaxis, and fluid balance maintenance were additional 
supportive measures that contributed to the patient’s stability. 
These strategies align with current evidence-based guidelines 
for managing traumatic liver injuries in the intensive care set-
ting [19].

Complications and risk mitigation

Although hepatic embolization is generally considered safe, 
it carries potential risks, including: 

o Hepatic ischemia,

o Abscess formation, and

o Bile leaks [20]

In this case, the procedural success with no immediate com-
plications underscores the importance of meticulous technique 
and vigilant post-procedure monitoring. Long-term follow-up 
is essential to identify late-onset complications, such as liver 
necrosis or secondary infections, which may manifest weeks to 
months post-intervention [21]. Studies suggest that prophylac-
tic antibiotic therapy and early recognition of biliary complica-
tions can reduce morbidity associated with embolization-relat-
ed complications [22].

Advancements in trauma care

Recent advancements in trauma care, including the develop-
ment of liver-specific management protocols and the availabil-
ity of advanced hemostatic agents, have significantly improved 
outcomes for patients with penetrating liver trauma. The use 
of embolization in this case reinforces its evolving role as a pri-
mary therapeutic tool in managing vascular injuries associated 
with hepatic trauma [23].

Future research directions and technological innovations in 
hepatic trauma care may include: 

o Contrast-enhanced ultrasound (CEUS) for rapid, bed-
side assessment of hepatic injuries,

o Dual-energy CT imaging to enhance the detection and 
localization of vascular damage, and

o Precision hemostatic agents tailored to specific bleed-
ing patterns [24].

These advancements are expected to enhance trauma man-
agement strategies and further improve survival rates in high-
grade liver injuries [25].
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Conclusion

This case demonstrates the successful management of Stage 
III penetrating liver trauma through a combination of diagnos-
tic imaging, interventional radiology, and critical care. The use 
of CTA and subsequent coil embolization highlights the impor-
tance of precise diagnostic and therapeutic strategies in opti-
mizing outcomes. A multidisciplinary approach and adherence 
to evidence-based protocols are paramount in managing such 
complex injuries. This case underscores the need for continued 
research and innovation to further refine the care of patients 
with penetrating liver trauma.
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