Journal of Surgery
Bamalan OA et al. J Surg 11: 11643
www.doi.org/10.29011/2575-9760.11643

www.gavinpublishers.com

Research Article

Hepatic Trauma and Inferior Vena
Cava Thrombosis; A Review of Current Literature

Omar A. Bamalan®!, Khalid M. Alammar?, Abdullah H. Alnasser?

"Department of General Surgery, Security Forces Hospital, PO Box 9003, Dammam 31413, Saudi Arabia
2College of Medicine, Al Majma’ah University, Saudi Arabia

3College of Medicine, Imam Abdulrahman Bin Faisal University, Dammam, Saudi Arabia

*Corresponding Author: Omar A. Bamalan, Department of General Surgery, Security Forces Hospital, PO Box 9003, Dammam
31413, Saudi Arabia

Citation: Bamalan OA, Alammar KM, Alnasser AH (2026) Hepatic Trauma and Inferior Vena Cava Thrombosis; A Review of Current
Literature. J Surg 11: 11643 DOI: 10.29011/2575-9760.011643.

Received Date: 06 June 2026; Accepted Date: 11 June 2026; Published Date: 13 June 2026

Abstract

Background: Inferior Vena Cava Thrombosis (IVC-Th) is a rare diagnosis that can possibly occur concomitantly with blunt hepatic
trauma secondary to several associated anatomical and trauma-related changes (e.g., systemic inflammatory response).

Objective: Investigating hepatic trauma and concomitant IVC-Th, regarding clinical presentation, diagnostics, management and
prognosis.

Methods: A review with a comprehensive search in Cochrane Central Register of Controlled Trials (OvidSP), MEDLINE
(ProQuest, Ann Arbor, MI, USA), PubMed and Web of Science (Clarivate) databases, from inception until December 2025. The
inclusion criteria is any patient with hepatic blunt or penetrating trauma, who underwent conservative or surgical management, with
concomitant IVC-Th, worldwide.

Results: The screened studies were 40 (after duplicates removal), with 15 studies meeting the inclusion criteria, analysed
quantitatively and qualitatively, after a two-step screening process. The included patient were 62.5 % males with a mean age of 31.5
+ 3.3 (14-58) years; presenting to the emergency department, hemodynamically stable with either right quadrants’ pain or diffuse
abdominal pain (62.5 %), diagnosed by a computed tomography with contrast in 81.2% of cases at a duration of 11 + 3 days post-
injury. The most common mechanism of hepatic injuries were road traffic accident with blunt trauma to the abdomen (56.3%). The
management consisted of medical anticoagulation, conservative monitoring, interventional radiology [IR] (e.g., IVC filters) and
surgical (e.g., IVC thrombo-embolectomy).

Conclusion: Despite the rarity of IVC-Th post-hepatic trauma close observation is required with a suggested duration of 1-2 weeks,
with considerations regarding anticoagulants initiation and duration, IR utility and surgical interventions with follow-up radiologic
studies (e.g., Ultrasound). Therefore, urging future research to investigate IVC-Th in a larger sample, due to the possibility of our
results’ difficult generalizability.

1 Volume 11; Issue 06
J Surg, an open access journal
ISSN: 2575-9760



Citation: Bamalan OA, Alammar KM, Alnasser AH (2026) Hepatic Trauma and Inferior Vena Cava Thrombosis; A Review of Current

Literature. J Surg 11: 11643 DOI: 10.29011/2575-9760.011643.

Keywords: Inferior Vena-Cava Thrombosis; Hepatic Trauma;
Polytrauma ; Trauma-Induced Coagulopathy

Introduction

Hepatic trauma is a common clinical entity in developed and
developing countries ranging in incidence from 2.95-13.9 per
100.000, being the one of the most injured solid organs in blunt
and penetrating traumas [1]. In addition, Inferior vena cava
thrombosis (IVC-Th) is a rare diagnosis that can possibly occur
concomitantly secondary to several associated anatomical and
trauma-related changes (e.g., systemic inflammatory response).
The pathophysiology likely is multifactorial (e.g., direct venous
injury, mechanical compression, systemic inflammatory response),
consistent with Virchow’s triad, which were noted to be present in
many of the reported cases in the literature we reviewed (Figure 1).
There are various therapeutic methodologies, such as conservative
(e.g., Anticoagulation), minimally invasive (e.g., interventional
thrombolysis) or surgical thrombo-embolectomy with varying
degrees of morbidity and mortality [2]. Accordingly, there is a
noted gap in the literature regarding the diagnosis and management
of IVC-Th post-hepatic trauma.

Figure 1: Pathophysiological factors of Hepatic trauma induced
IVC-Th.

Methods

The PICO framework, was used in formulating the research
question, “In patients with hepatic blunt or penetrating trauma who
develop IVC-Th, what are the factors, diagnostics, management,

follow up plan and outcomes?” The criteria and guidelines of
the Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) were implemented in this review.

Search Strategy and Eligibility

A review of the literature was done using the Cochrane Central
Register of Controlled Trials (OvidSP), MEDLINE (ProQuest,
Ann Arbor, MI, USA), PubMed and Web of Science (Clarivate)
databases. The available publications from inception until
December 2025 were included in the review, with an inclusion
criterion of studies that discuss patients with hepatic blunt or
penetrating trauma, who underwent conservative or surgical
management, then developed IVC-Th, worldwide (Table 1). The
included study designs are randomized and non-randomized
studies, prospective and retrospective cohort studies, case-control
studies and case reports. This review will consider only the articles
that have been conducted on human subjects and published in any
language. On the other hand, the exclusion criteria encompass
There were two reviewers (OB and AA) independently examined
the titles and abstracts of all potentially relevant studies All
relevant studies were imported into and examined for duplicates
using the Microsoft Excel software, if any variances between
the two reviewers’ discussion in regard to whether to include or
to exclude were discussed and resolved after consulting a third
reviewer (an academic advisor within the hospital).

PICO Framework [In patients with hepatic blunt or penetrating
trauma who develop IVC-Th, what are the factors, diagnostics,
management, follow up plan and outcomes?]

Studies on patients with hepatic blunt

or penetrating trauma, who underwent
conservative or surgical management, then
developed IVC-Th, worldwide.

Inclusion Criteria

- IVC-Th secondary to traumatic

(i.e., non-hepatic trauma) and non-
traumatic causes (e.g., systemiclupus
erythematosus, Laiden disease).

- Involvement of non-human subjects.
-Poor-quality studies (e.g., unclear
management or follow up).

Exclusion Criteria

Table 1. PICO framework, inclusion and exclusion criteria.
Search Strategy

The keywords’ sets used were in 2 sets, to ensure high sensitivity
and specificity prior to screening the studies. The screened studies
references were also analyzed for studies possibly meeting the
inclusion criteria (Table 2)
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Sets Keywords Databases
[“Trauma” AND “In-
Set 1 ferior vena cava Cochrane Central Register of
thrombosis”] Controlled Trials
[“Hepatic OR Liver” MEDLINE
AND “Trauma” AND | DuoMed
Set 2 . . Web of Science
Inferior vena cava
thrombosis”]

Table 2: Search strategy.
Data Extraction

The studies were transferred to Microsoft Excel software and
underwent a two-step verification process. First, title and abstract
screening, and if included a full article was retrieved from the
databases and analysed in detail with set variables collected
(e.g., age, mechanism of injury, risk factors). On the other hand,
even the excluded articles from the first step were scanned for

possible missed studies. Although, this narrative review tackles an
important, rare niche of trauma patients with a trial to formulate
an understanding of their clinical presentation, diagnostics and
management, there are inherent limitations. The limitations are
that all the included studies were case reports, affecting the derived
pooled data reliability and credibility which affects the derived
clinical implications’ generalizability (i.e., are they applicable
caveats, a result of biases or a beta-error due to such a low sample).
In addition, the missing patients’ data and lack of proper statistical
analysis (e.g., multivariate regression) to ensure confounders
control.

Results

The priorly mentioned databases were searched with a total of 81
studies analysed (Figure 2), however Cochrane Central Register of
Controlled Trials (OvidSP) had no results in both sets of keywords.
The additional studies were derived from screening the included
studies’ references (cross-referenced), with a total of 15 studies
included in the qualitative and quantitative analysis.

Figure 2: PRISMA flow-diagram of the search process.
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Period from
lAuthor, Year| Participants LS PGS LT Initial Presentation frauma ?o Radiological Diagnostic Study Thro‘m boembolism Management Outcome
Sex trauma presentation risk factors
(days)
Initially: Eleven units of packed red blood
cells transfused + Emergent Explorative
Presented with anisocoria and. Abdominal CT with IV contrast Laparotomy
right hemiplegia. Subcutaneous Liver Injury: hepatic laceration with a parenchymal Intra-operatively [hepatic lacerations 5 cm in| .. .
Kimoto et Fall from height (3 bleeding was found at his 35 hemorrhage in Segment 6 and 7, and small amount of None length in segment 6 and 7 + 4 L of blood] Discharged fTom thef hospital 4 months
1 35/M .. . . . . . after operation, doing well onfollow
al., 1998 [2] meters) occipital and right hypochondrial intraabdominal fluid. (except Trauma) POD-35: Emergent Open venacaval b 18 months post- discharee
regions. At first, he was IVC-Th:4 cm in length, extending caudally from 3cm thrombectomy. P p &
hemodynamically stable. below the renal vein. Intra-operatively [the thrombus was
only partially fixed to the caval wall and
wasfloating]
Post-RTA: Complained of Abdominal CT with IV contrast o\ .
bilateral knee pain and right upper Liver Injury:hepatic laceration with parenchymal Initial conservative management
Kim et al., . P ¢ TRt upp Jury-nep P y None Insertion of IVCfilter, then started oral 2 months later, F/U CT showed No
2014 [3] 1 26/M | High-speed RTA quadrant abdominal pain 15 hematoma in the segments 4, 5, 7, and 8, and moderate (except Trauma) anticoagulation therapy (not mentioned) IVC-Th
On the day of detection patient did amount of intra-abdominal fluid collection. xeep 4 gu 24 ’ o
not show any sign or symptoms IVC-Th: a large thrombus 10 cm in length.
Pan-CT
Liver Injury: contusion of the 6th segment with a moderate
peritoneal effusion.
Chakroun et P;:;Zntictllf (]))lliﬁl,{ sle3 ;I)(:ilgrsnli)r(l);lt ) IVC-Th: a 35 mm endoluminal thrombosis of the thoracic None Unfractionated heparin infusion with target | Discharge fromhospital on day 28.
o 1 18/M RTA LW - . 1 IVC and a thrombosis of the middle hepatic vein. APTT (twice normal limit), The nextday [A CT Abdomen after 3 months showed|
al., 2017 [4] pain with sensibility of the right . . . (except Trauma) .
. On day 3: regression of the peritoneal effusion and the added acenocoumarol. totalresolution of thrombus.
hypochondrium . . ..
endoluminal IVC thrombosis. A pulmonary embolism in
the right inferior lobar artery and a complete thrombosis of
the middle hepatic vein.
Initially treated conservatively with early
AbdominalCT with IV contrast ambulation as prophylaxis.
Liver Injury: hepatic [c((})rnatélzli)]n of the sixth segment The CT wstsargelll)lzztlitz;dl 3;12 ﬁtl(z3 deranging CT after 1 week of therapy: thrombus
25/F Motoreycleaccident Abdominalpain 7 IVC-Th (Day 7):maximum diameter of 0.6 cm and a OCP use Unfractionated heparin infusion [ target Nl;afdrsél:;;ri:k/u
length of 0.2 cm. APTT 50-60 seconds]. u
Discharged after 1 week on an oral
) ) anticoagulant [not mentioned].
Minami et
2
al., 2021 [5] Pan-CT Initially treated conservatively with early
Liver Injury: hepatic contusion of the sixth segment ambulation as prophylaxis.
Pedestrian hit .o . [Grade 1] . . The CT. was repeated for no clear FeASOI | T after 1 week of therapy: thrombus
. Other Injuries: traumatic subarachnoid hemorrhage, facial None Hepatic artery false aneurysm: arterial
58/M | from behind by N/A 7 . . . . . . had shrunk.
amotorcvele bone fracture, right hemothorax, and multiple rib fractures| (Except Polytrauma) | embolization afterimplanting an IVCfilter No further F/U
4 IVC-Th (Day 7): false aneurysm of the hepatic artery at and unfractionated heparin. 4
the liver injury site and a thrombus maximum diameter, Discharged after 1 week on an oral
1.5 cm; length, 6.5 cm). anticoagulant [not mentioned].
Pan-CT ... . .
Liver Injury: liver laceration through the caudate lobe with) nitially treated.conservatlvely “.mh carly
a small right-sided retroperitoneal, peri-adrenal tissue and ambulation as prophylaxis
Acos et al Lost consciousness briefly after rfi; ht diaphra IIIl)atiC crura’l Iljlaemorrha . Day 3 (post-trauma) abdominal pain, nausea| IVC filter wasremoved threemonths
£ ? 1 56/F | High-speedRTA | hitting the steering wheel with 3 & pIrag . £e. History of Iliac DVT [and vomiting, a repeat CT showed (IVC-Th)|later after stabilisation ofthe thrombus.
2013 [6] . . IVC-Th (Day 3): filling defect wasnoted in the IVC above .
right chest pain. . . . . A retrievable [VCfilter was placed No further F/U
the bifurcation of the iliac veins. . . L
o . suprarenally viathe jugular vein with
In addition, Inferior vena cavagram confirmed the . .
compression stocking for 7 weeks.
presence of a thrombus.
AbdominalCT with IV contrast
Liver Injury: Foci of contusions in segments III and VI,
associated with a hypodense subcapsular collection in
segment VI; generalized perfusion disorders visible on the Initially treated conservatively with early
Pain in the right hypochondrium . sple.:en. . . Blunt abdominal | ambulation as prophylaxis + Antibiotics: IV
Cherrabi ot extending to the epigastrium Liver Ultrasound: Small intrahepatic hematoma in trauma for 6 days.
al., 2022 [7] 1 14\F Fall associatg 4 with ep isgo des of 20 segment VI (22 x 18 mm) on a focus of hepatic contusion. Unfractionated heparin infusion for 6 days N\A
? vomiting and fevz r [38 C] IVC-Th: supra-renal portion to the junction of the right | Protein C deficiency [then LMWH with bridging Acenocoumarol,
J ’ and medial supra-hepatic veins, extending over 97 mm (38% level) but due to fluctuant INR, OPD Tinzaparin
(or 95.6 mm in sagittal view), totally obstructive for sodium (LMWH) was given.
the proximal 2/3 of the vein; thrombosed lumen with
maximum diameter of 11.9 mm; associated with adrenal
collections (probably liquefied adrenal hematomas).
AbdominalCT with IV contrast Initial: Nono(}i)iesrca;;\;e ef((i)r liver injury,
Liver Injury: Grade 3 liver laceration with a large ged.
. . N . .
sub?apsular hematoma} involving more than .50 A). of the 2 weeks later, readmission (due to left Discharged from hpspltal 8 days after
anterior surface of the liver, compressing the inferior vena - . readmission.
. . pleuritic chest pain): L
cava, without extravasation. . . |F/U (8 weeks post-injury), ultrasound:
Lost control on . Pulmonary CT-Angiography: large left main . .
Betancourt- Follow-up Ultrasound (8 weeks): Natural progression of . . showed natural progression of the liver|
. Motorcycle handle . . . . None pulmonary embolus with multiple segmental .
Ramirez et 1 44\F with direct Blunt Right-sided abdominal pain. 14 hematoma. (except Trauma) right pulmonary emboli hematoma and normal IVC diameter.
al., 2017 [8] IVC-T (2 weeks post-injury to insert IVC-filter due to p gnp Y ) F/U (12 weeks post-injury):
trauma .. . . Echo (unremarkable) . . .
PE): Extensive inferior vena cava thrombosis (procedure . . CT evidenced patent hepatic veins
. . Opted for IVC filter (incidentally diagnosed .
aborted due to this finding). and no thrombus in the IVC (full
IVC-Th and aborted the procedure). . )
LMWH bridged to vitamin K antagonists; resolution of thrombosis).
Follow-up CT (12 weeks): No evidence of thrombus in the Lo . ’
N ICU monitoring; discharged day 8 post-
inferior vena cava (patent). .
readmission.
AbdominalCT with IV contrast
Liver Injury (10 yrs prior): contusion (non-operative Initial (10 yrs prior): Nonoperative for
3,650 days management) splenic/renal/liver contusions. . .
. . . . (10 years from IVC-Th (Current CT): Infra-hepatic IVC thrombus Current: Unfractionated Heparin infusion, F /U (6 months): asymp tor.natl.c,
High-speed RTA | Severe, diffuse abdominal pain .o . . . . . . without hemorrhagic complications
Tupper et al., . . . the MVC to extending into the left renal vein; extensive collateral None a trial of IVC-filter insertion (failed due to . .
1 27\M (10 yrs prior)  |following a case of gastroenteritis . . . .| or evidence of clot progression/end-
2020 [9] . = the current venous pathways along the posterior abdominal wall. (except Trauma) | complete occlusion), catheter thrombolysis .
while vacationing. . . . .. organ damage (e.g., no suprahepatic
presentation with (EKOS) of left renal vein; transitioned to extension)
acute symptoms). | Venography (during IVC-filter Insertion): IVC occlusion dabigatran. Discharged post-thrombolysis '
that could not be traversed endovascularly; left renal vein (POD 1).
and posterior collateral venous thrombosis.
Pan-CT
‘leer In]ul.‘y: G.rade > (AAST liver inj ury scormg‘scale) Initially treated conservatively with close
liver lacerations in the right lobe extending to the right and| B .
. . monitoring and hemodynamic support.
middle hepatic veins. Day 5 started Prophylactic LMWH
Diab et al., . Hemodynamically stable, no IVC-Th: centrally located hypodense filling defect in the None Y Py ) F/U (4-weeks): No signs or symptoms
1 15\F | High speed RTA . 1 S . Day 6 Abdomen US (no thrombus), . . .
2017 [10] complaints. suprahepatic inferior vena cava, extending to the base of | (except Poly-trauma) . . . suggesting thrombosis progression.
the right atrium clinically improved, then held therapeutic
. £t atrium. . anticoagulation due to hematuria. Monitored
Day 3 (CT with IV contrast): increased haemoperitoneum, until day 10 (post-RTA)
stable solid organ injuries and IVC thrombus without y 0P ’
active bleeding.
Initial Fluid resuscitation; Abdominal celio-
mesenteric angio-embolization of the left
branch of the hepatic artery.
Sterno-laparotomy and initial
Pan-CT cardiopulmonary bypass (extracorporeal
Direct blunt trauma, Liver Injury + IVC-Th (Grade 5): left liver lobe fracture pu Ty oyp ox P The patient survived the complex
Salloum et . . . . . . . None arterial-venous circulation) [due to .
1 33\M |Motorbike accident| hemodynamically stable, no 1 with active bleeding from the left branch of the hepatic S surgery and was alive at 3-month
al., 2016 [11] . . . . . | (except Poly-trauma) deterioration].
complaints. artery associated with retrohepatic vena cava thrombosis . . follow-up.
. . . Intra-operatively: Exposed from renal vein
extending to the right atrium. e . o . .
inferiorly to cavo-right atrial junction; atrio-
caval thrombosis extracted via cavotomy.
Caval-plasty was performed with a bovine
pericardial patch.
Initial: Conservative for hepatic hematoma.
AbdominalCT with IV contrast Day 30 Post-RTA: Emergent median
Liver Injury (Initial): intrahepatic hematoma near the sternotomy; CPB with circulatory
middle hepatic vein. arrest; Right atrial/middle hepatic vein
Fujii et al., | 40\F RTA NA 30 IVC-Th (30 days post-RTA): low-density area in the IVC None thrombectomy and left lobectomy. Discharged (POD not specified), rest
2002 [12] and the right atrium. (except Trauma) | POD 2: Anticoagulant/ antiplatelet started, N/A
Trans-Thoracic Echo (30 days post-RTA): abnormal extubated.
mobile mass that extended into the right atrium from the Abdominal US: no blood flow in the middle
IVC. hepatic vein and showed its obstruction. CT
showed no IVC-Th recurrence.
Initial hemodynamic support, anterior
segment of the right lobe embolization.
10 Days Post-RTA: Echo-guided hematoma
AbdominalCT with IV contrast drainage.
Homamoto Liver InJury(Inltlalll)l:i éld\izrhl:;z;asl\(j:i Itlhat extended to the Day 30 Post-RTA: Heparin infusion
etal, 2013 | 3I2M RTA Hemodyna}mlcally un:stable due to 30 Liver Injury (10 days Post-RTA): huge subcapsular None spaﬂed then subcostal 1aparotomy and OPQ F/U ‘
liver laceration . . s . (except Trauma) | Median sternotomy; CPB/circulatory arrest; Asymptomatic, rest is N/A
[13] hematoma compressing the right hepatic vein and IVC. .
. atriotomy/cavotomy thrombectomy (TEE-
IVC-Th (30 days Post-RTA): massive thrombus from the . .
suprahepatic IVC to the bilateral common iliac veins guided retro-hepatic IVC showed No IVC-
pranep ’ Th); temporary IVC filter.
POD 0: Heparin infusion restart; filter
removal day 10; bridging to warfarin.
Pre-arrival: arrest (ventricular fibrillation)
AbdominalCT with IV contrast Defibrillation.
Liver Injury: Right hepatic rupture with intraabdominal Day 1: Ventilation/ sedation; transfusions;
and pelvic free fluid. chest tube; amiodarone.
. IVC-Th[US guided]: cloud-like echoes within the IVC, IR: Hepatic artery embolization + IVC filter.
Lietal., . . f . None . . . N/A
2025 [14] 1 29\M RTA Chest and abdominal pain. 1 which was considered an embolus. (except Trauma) ICU: Norepinephrine; coronary angiography.
Bedside Echocardiogram: mild regurgitation of the mitral p thrombolysis/thrombectomy (ECG: ST-
and tricuspid valves, reduced left ventricular systolic elevation with sudden increase in troponin).
function, and bilateral pleural effusions. Unfractionated Heparin infusion [Goal
APTT 35-45s], bridged to rivaroxaban +
clopidogrel, upon discharge.
Initial: Laparotomy (Due to sudden
distention with hypovolemic shock); sutures
for hepatic veins and IVC; 46 units RBCs.
N/A Then Extracorporeal bypass; total
Boggi et al., | 16M Motorcycle Normal mental status, blood | None hepatectomy and liver allotransplantation Died 48 hours after surgery due to
2006 [15] accident pressure, and pulse rate initially. (except Trauma) Ex-vivo Flush; US; Hepatic vein and severe respiratory distress.
IVC reconstruction (sutures/graft). Then,
Bleeding control; sternotomy; lobectomy;
reimplantation; 18+12 units RBCs.
[Unclear timeline]
Initial ICU care, then Angio-jet thrombolysis|
Pan-CT with insertion of IVC filter.
Alsadery et RTA (Crushing Liver Injury: grade IV/Y llve.r laceration. None POD 14, Abdominal CT with IV Contrast:
1 37\M injury by Car N/A 1 IVC-Th: a supra-hepatic eccentric filling defect, measured . . F/U after one year was unremarkable.
al., 2024 [16] . . . . (except Trauma) No IVC-Th. Discharged on Therapeutic
rollover) 1.4x1.5 centimeters, just proximal to the atrio-caval
. . LMWH for 3 months.
junction.
M: Male, F: Female, RTA: Road traffic accident, CT: Computed tomography, OCP: Oral contraceptives, IVC: Inferior Vena cava, F/U: Follow up, DVT: Deep vein thrombosis, ER: Emergency room, FAST: Focused assessment sonography for trauma

Cardio-pulmonary Bypass, IR: interventional radiology.

patients, POD: Post-operative day, APTT: Activated partial thromboplastin time, IV: Intravenous, N/A: Not available, LMWH: low-molecular weight heparin, INR: International normalized ratio for prothrombin time, OPD: outpatient department, CPB:
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Patient characteristics and presentation

There were 16 patients meeting the inclusion criteria, 62.5 %
were males (10 / 16) with a mean age of 31.5 + 3.3 (14-58) years.
Clinically, 62.5 % presented to the ER hemodynamically stable
with either right quadrants’ pain or diffuse abdominal pain, and
12.5% had right chest pain. Moreover, risk factors of thrombotic
sequelae were reported, one patient had protein C deficiency [7],
one patient was on regular OCP use [3], and one patient had prior
iliac vein thrombosis [6]. The most common mechanisms of injury
were RTA’s (56.3%), Motorcycle accident (31.2%) and lastly are
fall (12.5%). There was a noted delayed from presentation until
IVC-Th diagnosis with 37.5% being diagnosed one the same day
of presentation, and a mean duration of 11 + 3 days with one outlier
being diagnosed of acute on top of chronic IVC-Th 10 years post-
RTA[9].

Diagnostics

The American Association for the Surgery of Trauma (AAST)
liver trauma grading scale was noted to be used through using
an Abdominal CT with IV contrast due to the set protocols of its
utility according to the American trauma life support guidelines
(ATLS) [17]. The majority of diagnosed IVC-Th were through
CT with IV contrast, in either focused abdominal CT or Pan-CT
(81.2%), however only 37.5% reported it accordingly (two grade
I, one grade 111, three grade V). Anatomically, the most commonly
reported injured segments were VI (31.2 %) and VII (12.5%),
presenting with either a small hematoma of a contusion (43.7%),
a hepatic laceration (18.7%) or a complex multi-segment injury in
25%. In addition, the detected IVC-Th location was either Supra-
hepatic reaching the atrio-caval junction (25%), Retro-hepatic
(31.2%) or most commonly infra-hepatic (43.7%) with possible
extensions (e.g., iliac vein thrombosis, renal vein thrombosis,
pulmonary emboli). The length of the detectable IVC-Th through
CT had a mean of 5.1 £ 1.4 (0.6-9.7) cm, and one patient had a
complete obstruction secondary to IVC-Th [9]. Rarely, US-guided
diagnosis (12.5 %), or venography-based assessment of IVC-Th
(18.7%) were performed.

Management and Outcomes

The multifactorial nature of polytrauma patients (e.g.,
hemodynamic status, other injuries, comorbidities), led to a
constant discussion between conservative, interventional radiology
(e.g., hepatic artery embolization) and surgical (e.g., IVC-Th
thrombo-embolectomy and reconstruction). There were 56.2 %
initially treated conservatively, however multiple interventional
radiology techniques were reported, 25% had IVC filters, two
patients underwent left hepatic artery embolization [5,11], two
patients underwent direct thrombolysis [8,15], and one patient

underwent Echo-guided hematoma drainage [13]. Surgically, an
initial hemodynamic support (e.g., massive transfusion protocol
activation) and laparotomy was done in 18.7% [2,11,15], IVC-
Th surgical thrombo-embolectomy (+ reconstruction) was done
in 31.2% through a laparotomy, median sternotomy or a sterno-
laparotomy [2,11,12,14,15]. The Anticoagulation initiation and
duration differed depending upon various factors (e.g., other
injuries, time of diagnosis), accordingly it was rarely initiated on
same day of presentation or within a week post-RTA (25%), unless
the patient’s clinical picture showcases a probability of a non-
operative course. The commonly used protocol of anticoagulant
initiation is an initial unfractionated heparin infusion that is
bridged with an oral anticoagulant (vitamin K antagonist or direct-
oral anticoagulants) for at least 3 months (43.7%), despite prior
interventions (e.g., IVC filter placement). In addition, two patients
were initiated and continued on LMWH only [10,16], while one
was initiated and then bridged to an oral anticoagulant [8]. The
majority of patients survived IVC-Th, with one patient dead
secondary to the severity of concomitant injuries [15], a follow
up radiological study (i.e., Abdominal CT with IV contrast or and
ultrasound) was done in 5 patients (one week post-injury in 2 and
2-3 months in 3 patients) and a mean follow up period of 4 (£ 1)
months and only 2 patients were followed for 1 week [5].

Discussion

IVC-Th is a rare diagnosis that can possibly occur in conjunction
with blunt hepatic trauma secondary to several factors which
may be anatomical (e.g., a compressive hematoma) or trauma-
related (e.g., trauma induced coagulopathy). The fifteen studies
we have reviewed showed that most of the patients were young
males with the most common mechanism of injury being RTAs
and diagnoses of IVC-Th were often made within two weeks
following the injury through contrast-enhanced Abdominal CT
or trauma protocol’s Pan-CT. A wide variation in management
strategies was noticed, ranging from conservative anticoagulation
to surgical interventions which could be a result of the probable
lack of standardized treatment protocols. The repeated pattern of
delayed diagnosis probably implies the need for close monitoring
of patients during the subacute recovery phase was reported in
several cases of traumatic IVC-Th [18-20].

Patients’ Presentation and Risk Factors

The majority of reported cases consisted of males (62.5%), a male
to female ratio of 2:1 with a mean age of 31.5 + 3.3 years, unlike the
reported cases of non-traumatic IVC-Th with the majority being
females (60%) with a relatively comparable age (35.5-36.5 years)
[21,22]. The mechanism of injury was mainly road traffic accidents
and motorcycle accidents encompassing 87.5% of the included
patients which is usually reported in a similar demographic niche
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in trauma. The clinical presentation is often nonspecific (i.e., lower
limb edema or persistent abdominal pain could be attributed to
the primary trauma itself), therefore emphasis on the importance
of maintaining high clinical suspicion in patients who exhibit
signs of unexplained venous congestion, prolonged immobility,
or persistent inflammatory markers especially following hepatic
trauma, regardless of grade [19,21,23]. Initially, 62.5% of patients
presented hemodynamically stable, with a report of either right
upper quadrant or diffuse abdominal pain, which can be reflected
direct injuries (e.g., steering wheel trauma), hence deeming IVC-
Th difficult to predict [2,10,11]. In addition, the risk factors for
venous thromboembolic events (VTE) were reported in 18.75%,
with one patient having protein C deficiency [7], regular OCP use
[5], and prior iliac vein thrombosis [6]. Therefore, proving the
necessity of performing the Advanced trauma life support (ATLS),
AMPLE history format (mainly medications and past medical
history).

Diagnostic and therapeutic challenges

The diagnosis of IVC-Th in hepatic trauma poses a considerable
challenge as there is a noted gap in the studies and reports
regarding the diagnosis and management. The non-specificity of
polytrauma cases and risk of missing such a diagnosis reiterate
the importance of Trauma Pan-CT (Contrast-enhanced CT) with it
being the primary diagnostic modality observed in 81.2%, allowing
concurrent assessment of hepatic injury and vascular patency. The
US-guided diagnosis was less in frequency (12.5 %), as its utility
is showcased in the focused assessment of sonography in trauma
(FAST) exam (i.e., assessing for abdominal free fluids, rather than
solid organs’ injury). In addition, venography-based assessment
(18.7%) was done by IR to intervene (e.g., IVC filter), hence it
was rarely utilized. Consequently, prompt and timely utilization of
computed tomography or magnetic resonance imaging is crucial
to reach a diagnosis [18,23,24]. The timeliness of diagnosis is
unclear as shown by a trended latency in the mean interval between

presentation to diagnosis (11 + 3 days post-injury), suggesting
that the development of IVC-Th occurs possibly from fulfilling
Virchow’s triad of VTE and systemic inflammatory response
(Figure 1), hence it occurs during the post-traumatic, subacute
phase of conservative IVC-Th. Accordingly, dealing with posed
trauma-related (e.g., polytrauma), patient-related (e.g., multiple
comorbidities, extremes of ages), post-traumatic care (e.g., hepatic
trauma non-operative care and rehab) challenges on when and for
how long do we initiate anticoagulation, the role of IR and whether
a surgical intervention is indicated? [18-20].

Anticoagulation Considerations and Use

The utility of anticoagulation was reported in hemodynamically
stable patient, with non-major secondary injuries (e.g., radial
fracture), underwent non-operative hepatic trauma management
and was followed daily by examination and laboratory markers
(56.2%) (Table 1). However, initiating therapeutic anticoagulation
may present a therapeutic dilemma, considering the risk of thrombus
progression against potential haemorrhagic complications, yet no
major anticoagulation-related haemorrhages reported in follow
up visits [20]. Therefore, Patients with no active, post-traumatic
bleeding or progressing hepatic hematomas could benefit from
prophylactic anti-coagulation [18]. Though, in the analysed
cohort only 25% received chemical anticoagulants within a
week post-trauma, which is possibly secondary to a low Caprini
score (i.e., the majority were young, non-comorbid males). The
most frequently used regimen noted was Low-molecular-weight
heparin or unfractionated heparin, commonly transitioned to oral
anticoagulants (vitamin K antagonist or direct-oral anticoagulants)
or continued therapeutically for at least 3 months in 56.2% of
patients [3-6,8-11]. The selected patients should undergo screening
appropriately through taking a detailed history, examination, and
blood tests for conditions that can raise the risk for thrombus
formation [18] (Figure 3).
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Figure 3: Suggested approach to hepatic injuries with concurrent IVC-Th.

OR: operative room (surgical intervention), IR: interventional
radiology (e.g., hepatic artery embolization), Echo (transthoracic
or transoesophageal), CTPA: CT pulmonary angiography, US:
Liver ultrasound.

Technically, the use of anticoagulants lowers the chance of
thrombus propagation, it does not cause clot lysis, which puts
patients at risk for developing Post-thrombotic syndrome (i.e.,
localized pain, possible distal extremities skin changes and chronic
venous ulcerations), a condition that despite appropriate treatment,
is identified in up to 40% of patients with traumatic IVC-Th, and
only 6% of patients treated with anticoagulation alone achieve
lysis of the clot within 10 days of treatment, while none were
reported in our cohort [23].

Surgical and Interventional Techniques’ Indications and
Utility

There was a total of 5 patients who underwent surgery (31.25%)
aged 16 to 40 with a mean age of 31.2 + 8.09 years, in which 2 were
via laparotomy while 3 had either median sternotomy or sterno-
laparotomy, 2 required Cardiopulmonary Bypass (CBP) and 2
required Extra-Corporeal Membrane Oxygenation (ECMO)
with one mortality [2,11-13,15]. The surgical approach
depended upon the patients’ hemodynamics and extent of
IVC-Th, in which if the right atrium was involved, a median
sternotomy was done to facilitate CPB and Atrio-Cavatomy
with thrombo-embolectomy with or without Cavo-plasty
(with a bovine patch) and a temporary IVC-filter placement [11-
13].

The common traumatic feature is a high-grade liver inju-
ry with a compressive (anteroposterior) hematoma formation and
right hepatic lobe lacerations.In terms of prognostication, as all
patients presented initially unstable with major sequelae a mortal-
ity rate of 1 out of 5 patients was expected. On the other hand, IR
techniques (e.g., hepatic artery embolization) was utilized in 8 pa-

tients, with a mean age 38.7 &+ 4.4 years, with 5 [IVC-filters place-
ment, 1 hepatic artery aneurysmal coiling, 1 left and 1 right he-
patic arteries angioembolization [3,5,6,8,9,11,16]. Notably, 2
patients’ IVC-Th were incidentally diagnosed during a trial of
IVC-Hfilter placement in which in one patient the trial was abort-
ed, and the patient was started on anticoagulants directly [8,9]. A
follow-up period of 2-3 months with a form of radiological as-
sessment (e.g., CT or US) was done before the IVC-filter retrieval
with no associated major complications or mortality. Therefore,
depending upon the patient’s hemodynamic status, type of injury,
anatomical location and available expertise a decision of IR tech-
niques or surgical techniques is utilizated, with similar reported
outcomes in traumatic IVC-Th [18-20].

Prognosis, Follow-up and Outcomes

The survival rate post-diagnosis was 93.75%, with one mortality
case which is attributed to severe respiratory distress rather than
the thrombotic event itself [15]. The follow-up imaging was
done in 5 patients (31.25%) with two being one week (12.5%)
and three 2-3 months (18.75%) post-diagnosis, all of which had
improved conditions (e.g., absence or decrease in IVC-Th size).
Moreover, favourable outcomes with early anticoagulation and/
or IVC filter placement, with no major long-term thrombotic
complications were reported [3,5]. On the other hand, delayed
diagnosis or missed thrombus detection could lead to VTE-related
complications (e.g., pulmonary embolism) which may lead to
possible life-threatening complications (e.g., obstructive shock), a
reported a case of pulmonary embolism after complex management
of the IVC thrombus, complicating the recovery and requiring
long-term monitoring in ICU [4]. In addition, Boggi et al. 2006,
presented a fatal case where the prognosis was extremely poor due
to the severity of the trauma and the need for total hepatectomy
and allotransplantation, followed by respiratory distress [15].
Conclusively, there were no noted significant differences in
outcome between conservatively treated and surgically treated
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patients in terms of hepatic injury to IVC-Th related complications,
with mortality being associated with trauma severity rather than
IVC-Th. Moreover, regardless of location of IVC-Th and degree
of hepatic injury reported, there were no associated differences
in acute VTE-related outcomes (e.g., sequelae of chronic hepatic
congestion).

Conclusion

Rarely, IVC-Th can happen in any degree of post-traumatic hepatic
injury, possibly in the infra-hepatic IVC with the most common
form of injury being a contusion of hematoma involving segment
VI and VII, in hemodynamically stable, young males’ post-RTA.
Despite the rarity of IVC-Th post-hepatic trauma close observation
might be required with a suggested duration of 1-2 weeks, with
considerations regarding anticoagulants initiation and duration, IR
utility and surgical interventions with follow-up radiologic studies
(e.g., Ultrasound). Therefore, urging future research to investigate
IVC-Th in a larger sample, due to the possibility of our results’
difficult generalizability.
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