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Abstract

:

Liver involvement after abdominal blunt trauma must be expected, and in up to 30% of cases, spleen, kidney, and pancreas injuries may coexist. Whenever hemodynamics conditions do not contraindicate the overcoming of the ancient dogma according to which exploratory laparotomy should be performed after every major abdominal trauma, a CT scan has to clarify the liver lesions so as to determine the optimal management strategy. Except for complete vascular avulsion, no liver trauma grade precludes nonoperative management. Every attempt to treat the injured liver by avoiding a strong surgical approach may be considered. Each time, a nonoperative management (NOM) consisting of a basic “wait and see” attitude combined with systemic support and blood replacement are inadequate. Embolization should be considered to stop the bleeding. Percutaneous drainage of collections, endoscopic retrograde cholangiopancreatography (ERCP) with papilla sphincterotomy or stent placement and percutaneous transhepatic biliary drainage (PTBD) may avoid, or at least delay, surgical reconstruction or resection until systemic and hepatic inflammatory remodeling are resolved. The pathophysiological principle sustaining these leanings is based on the opportunity to limit the further release of cell debris fragments acting as damage-associated molecular patterns (DAMPs) and the following stress response associated with the consequent immune suppression after trauma. The main goal will be a faster recovery combined with limited cell death of the liver through the ischemic events that may directly follow the trauma, exacerbated by hemostatic procedures and surgery, in order to reduce the gross distortion of a regenerated liver.
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1. Introduction


The liver is one of the solid organs most frequently affected in abdominal trauma. We can find associated lesions in up to 30% of cases, especially of the spleen, kidney, and pancreas [1,2]. Advances in diagnostic and therapeutic techniques, multidisciplinary approaches in recent years, together with the emergence of advanced endovascular techniques, have increased the probability of non-operative management (NOM) in selected patients and experienced centers in trauma surgery, leaving apart the classic dogma abdominal trauma—exploratory laparotomy [3].



A detailed and systematized physical examination is a priority and is mandatory in the decision-making algorithm at emergency department admission. Complementary imaging tests will depend on the stability of the patient: if systolic blood pressure <90 mm Hg (despite adequate fluid therapy, blood products or vasopressors), as well as in case of an altered level of consciousness, urgent exploratory laparotomy should be evaluated [1,4,5]. If the patient shows hemodynamic stability or good response to initial volume resuscitation, an abdominal computed tomography (CT) scan with intravenous contrast should be performed. The CT scan is considered the gold standard for the diagnosis of post-traumatic abdominal injuries, although the echo-fast technique can be useful, with less sensitivity and specificity [1,2,3,4,5,6].



The liver trauma is classified according to the American Association for the Surgery of Trauma (AAST) into six grades of severity.



The CT anatomical characterization of hepatic injuries has a vital role to define the optimal treatment strategy. Furthermore, the hemodynamic stability, the association of other visceral lesions and the initial response to volume replacement will determine the decision of NOM. A CT scan should be carried out whenever conservative management is chosen [6,7].



Following the recommendations provided at the 2020 World Society of Emergency Surgery (WSES) consensus conference, NOM should be the treatment of choice in hemodynamically stable patients with grade injuries I-V of the AAST classification when there are not any associated visceral lesions which need urgent surgery [5,7]. Additionally, the availability of hospital center resources must be taken into account: intensive care unit, endovascular techniques, blood products, as well as a team of expert surgeons [8]. In stable patients presenting with blushing or active bleeding on the CT scan, angioembolization should be considered as the gold standard treatment. The procedure can be repeated if hemodynamic stability persists and the bleeding has not been solved. Diagnostic laparoscopy can be valued as an option in the context of NOM if, in close follow-up, there are reasonable doubts about the existence of possible associated visceral injuries [7,8,9,10].



In conclusion, the degree of liver injury is an essential factor to take into account in the decision algorithm and even if the patient is hemodynamically stable, the indication of conservative treatment and the admission to specialized centers for close monitoring with frequent clinical exams by expert abdominal trauma surgeons could be advisable [1,11,12,13].




2. Nonoperative Management: Wait and See


The management of hepatic trauma has evolved significantly over the past few decades. In the past, the decision between nonoperative and operative management depended primarily on the free volume of blood. Past guidelines on hepatic trauma suggested a tolerable volume of approximately 500 mL to manage it with nonoperative techniques. Considering the current WSES guidelines, the management of hepatic injuries is based primarily on the status of hemodynamics of the patients, plus other associated injuries, rather than the radiological severity of the injuries [1]. In hemodynamically stable patients and even in borderline or transient responder patients with no other indication for laparotomy, NOM could be considered as standard of care in both blunt and penetrating liver trauma. This strategy needs a multidisciplinary approach and can only be used in trauma centers. Mild and moderate lesions are the most common (80% to 90% of all cases); grade VI lesions are often incompatible with survival. In the current medical literature, most patients treated with NOM have low-grade liver lesions. The safety of NOM in high-grade liver injuries, AAST grade IV and V, remains a matter of debate because of the high incidence of hepatic and extra-abdominal complications. During NOM, a serial clinical evaluation and continuous laboratory testing are necessary to detect a change in the patient’s clinical condition; radiologic follow-up is performed only with ultrasound of the abdomen. If there is clinical suspicion of NOM failure, or in case of complications, the CT scan has to be repeated. Among major risks related to NOM, especially in penetrating trauma, we can count the presence of intra-abdominal unacknowledged lesions. The laparoscopic interval exploration could be considered as part of non-operative liver injury management, playing an important diagnostic role in the therapy planning. On the one hand, NOM is a standard of care in stable patients even if the liver injury is severe (AAST IV) and even in cases of CT-detected venous blush, but on the other hand it is absolutely contraindicated in the following scenarios: if intra or retroperitoneal free air is detected on CT; in presence of intraperitoneal free fluid in the absence of other solid organ injury; with localized thickening of the bowel wall; in case of penetrating trauma if the bullet tract is near the hematoma created adjacent a hollow viscus and in high intensity trauma [14,15,16].




3. Failure of NOM: Acute and Subacute Consequences of Liver Trauma


The introduction of NOM and the improved operative and perioperative care have significantly decreased mortality. Nevertheless, the rate of liver-related complications in patients with high-grade liver injury is 12–14% and could be predicted by the degree of liver injury and the volume of packed red blood cells transfused within the first 24 h after injury [4,9,17,18].



Late bleeding, bleeding after embolization, biliary complications (bile leakage, biloma, hemobilia, biliary peritonitis, biliary fistula), hepatic abscess, abdominal compartment syndrome, ischemic necrosis of the liver and the gallbladder are some of the most common complications [19,20,21].



Advances in endovascular techniques and therapeutic digestive endoscopies (ERCP) give furtherance to the multidisciplinary management of these complications, allowing further progress in NOM [22].



In relation to delayed bleeding or hepatic artery pseudoaneurysm, angioembolization should be considered. Regarding pseudoaneurysm, although rare, <1%, the risk of rupture carries high morbidity and mortality, for which prophylactic treatment is recommended after diagnosis [1,2].



Post-traumatic biliary complications occur with an incidence of 2.8–30% and are treated first with percutaneous and endoscopic procedures although most traumatic bilomas regress spontaneously [23]. An ERCP with endoscopic stent placement could be associated with percutaneous drainage as a therapeutic strategy [1,23,24].



Percutaneous drainage of abscesses and intrahepatic bilomas should be considered as the first option in stable patients with high serum level of inflammation markers, abdominal pain or fever [22,25].



In addition, the combination of ERCP techniques and percutaneous biloma drainage should be considered as an initial option in the treatment of late biliary fistulas [1,2,22,25].



A possible indication for surgery could be the necrosis of a hepatic segment.



To conclude, minimally invasive interventions are the first choice of treatment for later complications in stable patients [1,23,24,26].




4. Embolization


According to WSES guidelines, in patients with stable hemodynamics and active arterial redness, angioembolization (AE) should be considered the first-line intervention and, in selected centers, represents an extension of NOM. In the event of an ineffective procedure, serial clinical, laboratory, and radiologic evaluation must be performed, and if necessary, AE can be safely repeated [1,20]. Surgically inaccessible regions deep within the hepatic parenchyma make selective embolization after hepatic packing a viable supplemental option [27]. Active extravasation of CT contrast is suggestive of potentially life-threatening bleeding. Such radiological findings or clinical signs of active bleeding require arteriography and embolization. Embolization agents are divided into two categories: temporary (Gelfoam, autologous clot) and permanent (coils or microcoils, particles, occlusion devices, glue, and onyx). Coils, microcoils, and Gelfoam cubes are the preferred embolic materials used in liver trauma. The embolization is performed on both sides of the injured vessel. If the bleeding area cannot be reached with a selective modality, embolization is practiced in the proximal vessels with occlusion devices or larger particles. AE is the safest and most successful method for controlling of active hepatic arterial bleeding and is associated with a low rate of transfusions and the need for surgical intervention. Although it is not free of complication, AE appears to improve mortality rates for severe liver trauma [28,29].




5. Percutaneous Drainage of Fluid Collection


Intra-abdominal fluid collections such as abscess, biloma, lymphocele, hematoma, and seroma following hepatic resection and trauma are common complications. Abscesses are associated with significant morbidity and mortality and require early and effective treatment [30,31]. Ultrasound-guided drainage is safe and advantageous if a fluid collection can be easily visualized. The procedure has the benefit of avoiding radiation exposure and low cost, although the operator needs to be highly experienced. In addition to antibiotic therapy, CT-guided percutaneous drainage represents an alternative to surgery and is currently the standard of care. Compared with surgical drainage, it has the advantage of being less invasive and, if needed, could be repeated. The early use of percutaneous CT-guided drainage for the management is widely accepted as a mainstay of treatment [32,33,34].




6. Endoscopic Retrograde Cholagiopancreatography (ERCP): Papilla Sphincterotomy and Stenting


Biliary leakage secondary to blunt or penetrating hepatic trauma remains a challenging concern. The study by Lubezky et al. represents the largest reported series of patients with biliary leakage following hepatic trauma and shows a successful resolution of the leak in 90–100% of the cases with the use of ERCP and placement of a trans papillary plastic stent. Stenting reduces the pressure gradient between the bile duct and duodenum, abolishing the role of Oddi’s sphincter. Bile is drained into the duodenum, allowing the interrupted duct to recover spontaneously. In conclusion, the resolution of the bile leak can be achieved by sphincterotomy alone, stent placement alone, or a combination of the two interventions [35,36].




7. Percutaneous Transhepatic Biliary Drainage (PTBD)


The need for prompt control of hepatic inflow and outflow structures is a crucial concern in trauma surgery in contrast to elective settings. In the case of trauma, the primary goal is to control the hemorrhage; the patency of the bile duct is still important but represents a secondary objective, especially in patients with hemodynamic instability. The reported incidence of postoperative biliary complications increases with the severity of liver injury [37,38]. Non-invasive approaches are recommended as first options in such complications. PTBD is superior for proximal bile duct stenosis and common bile duct or aberrant right hepatic bile duct injuries compared with ERCP. PTBD is considered the first choice of treatment in the following cases: failure of ERCP; if a complete ductal ligation or transection occurred; if the stenosis is located in a proximal bile duct and in case of immediate need for decompression. In case of trauma, the priority is draining the bile duct, which should be punctured using a 21 G or smaller needle with ultrasound guidance and, at a later time, pass the stenosis. The stenosis should not be forced through rough and sudden maneuvers in fragile livers, to avoid the risk of complications [39].




8. Laparoscopy


The laparoscopic approach has a vital role in the management of hepatic trauma, with the advantages of a clear vision of the whole abdominal cavity and high safety [40]. Interval laparoscopy is an effective strategy to evaluate the lesion and its progression while minimizing the damage and invasiveness of the surgical procedure [1]. It could be used as a bridge to other procedures. In addition, laparoscopy should be considered an alternative to percutaneous radiological drainage and ERCP in stable patients with blunt liver trauma and hemorrhagic-bilious ascites, while avoiding the morbidity of open surgery [41].




9. Laparotomy


Hemodynamically unstable patients should undergo operative management with an exploratory laparotomy. Approximately 40% of all penetrating abdominal trauma requiring urgent laparotomy due to uncontrollable bleeding from the liver. It is critically important to provide intensive intraoperative resuscitation with the establishment of a massive transfusion protocol to maintain organ perfusion and to reverse derangements induced by the trauma itself [26]. The primary goal is to control hemorrhage and bile loss by performing damage control surgery. The exploratory laparotomy allows the complete exposure of the abdominal cavity. During the procedure, it is crucial to store and measure the blood loss and eventually proceed to auto-transfusion. In case of minor bleeding, bimanual compression of the hepatic parenchyma may be sufficient. This maneuver can be complemented by perihepatic packing with swabs. Topical hemostatic agents, coagulation with argon, bipolar devices could be used to stop the bleeding. The surgeon could even decide to perform a simple suture of the injured parenchyma with or without omental packing. If bleeding persists, it may be an arterial source and it is confirmed by slowing of the bleeding by clamping the hepatic pedicle with a Pringle maneuver [42,43]. If hemorrhage endures, the surgeon must contemplate the presence of an anomalous hepatic artery. In presence of lesion to the proper hepatic artery, attempts should be made to control and fix it and if ineffective, selective ligation should be considered. Cholecystectomy should be performed in case of ligation of the right or common hepatic artery to prevent gallbladder necrosis [44]. Hepatic necrosis, development of abscesses and biloma are the most frequent risks recorded in case of hepatic artery ligation; therefore, in lobar or segmental/subsegmental injuries of a portal vein branch, the surgeon should choose between liver packing or resection instead of hepatic artery ligation. Ligation of the main branch of the portal vein should not be considered on account of the risk of hepatic necrosis and bowel edema [26]. Retrohepatic vena cava injury has a well-known high mortality (65–100%). In this case, there are three viable options: packing, direct synthesis, and lobar resection [9,45]. In the current literature, a lot of vascular exclusion techniques with shunting procedures have been reported, and the veno-venous bypass and the use of fenestrated stent grafts are the most widely used [1,9,44]. By the application of a chest tube into the inferior vena cava, the bypass of the retrohepatic cava blood is achieved through the right atrium; this technique is called atrio-caval shunt. Mainly, the unstable patients do not tolerate the procedure of complete liver vascular exclusion [26]. Another important technique that should be consider in treatment of hemodynamically unstable patients is REBOA (resuscitative endovascular balloon occlusion of the aorta); this could be performed in case of continuous bleeding by an active source when the other damage control procedures are ended [46,47].




10. Resection: When and What


Major hepatic resections should only be considered in later operations when large areas of necrotic parenchyma are involved and only performed by skilled surgeons [1,48]. Non-anatomic resections refer to the removal of devitalized parenchyma using the line of injury as resection borders rather than standard anatomic planes. Such procedure should be made to limit the extent of hepatic resection, with the advantage of a shorter operative time [15,49]. It represents a safer and easier alternative than anatomic resections [1]. However, is favorable to avoid it in treatment of unstable patients and during damage control procedures. Extensive dissection through the uninjured parenchyma should not be performed [50]. In the case of anatomic resection, the parenchyma is removed along anatomic planes after the identification of inflow and outflow vessels. Extensive anatomic resections are characterized by longer operative times, higher mortality, and morbidity rates. Such resections are rarely performed, only in 2–4% of cases of major liver trauma [15,17,50].




11. Transplantation


Liver transplantation represents a lifesaving procedure in severe liver trauma when all other treatments have failed. There have been 19 cases in the literature of total hepatectomy and liver transplantation performed in trauma patients [1,51,52,53]. Ringe and Pichlmayr reported the largest series of 8 patients. Liver transplantation is the only therapeutic option for progressive acute liver failure, in major trauma in uncontrollable bleeding, severe grade IV-V injury, irreversible acute liver failure and life-threatening post-reperfusion injury. Different surgical options exist once the decision to proceed with transplantation is achieved. The first is a two-staged procedure with total hepatectomy and portocaval shunt followed by transplantation. The second option is to continue supportive management while the patient waits for a suitable donor transplant with subsequent standard liver transplantation [54,55].




12. Pathophysiology of Liver Trauma: Local and Systemic Imbalance


Understanding the pathological mechanisms that develop after liver trauma is critically important, both in determining patient’s outcome and in making choices in different therapeutic strategies.



To reduce the stress response and the following immune suppression [56] after trauma, it is quite clear that it is fundamental to minimize infection, not only using an adequate antibiotics prophylaxis but especially through the adequate nutritional support to preserve the homeostasis. To this end, reducing every possible additional trauma due to any operative post-injury management (as would be necessary for surgery) plays a pivotal role. The severity of the initial damage and the magnitude of the immune system’s reaction are directly related to the wide spectrum of symptoms that develop after trauma and in all critical diseases.



The point of fact, after every traumatic injury, almost instantaneously, or at least very rapidly, is that a large amount of cells die, resulting in a freeing of cellular fragments and damage associated molecular patterns (DAMPs) as mtDNA and histones. This leads to the consequences presented in the so-called “Danger model”.



Matzinger’s “Danger model”, presented in 2002, is built on the concept that the immune surveillance does not discriminate among self and non-self, but between damaging and non-damaging events [57,58,59], through the identification of warning alerts from pathogens or damaged tissues and cells.



As proposed by Janeway in 1989 [60], antigen-presenting cells (APCs) are in a dormant state until triggered via pattern recognition receptors (PRRs). PRRs are located on the membrane of APCs known as toll-like receptors (TLRs) [60,61], and in the cytoplasm called the nucleotide-binding oligomerization domain (NOD)-like receptors (NLRs) [62]. They detect pathogen-associated molecular patterns (PAMPs) on bacteria and fungi and DAMPs, launching the immune reaction.



Simultaneously, such components ligate to NOD, which, along with Leucine Rich Repeat (LRR) and pyrin domains containing protein 3 (NLRP3), form the inflammasome subunit. As a result of the triggering of the NOD domain, NLRPs oligomerizes, leading to activation of the inflammasome. This carries to cleavage of pro IL-1β and pro IL-18 into activated forms through the action of caspase 1 and gasdermin D-mediated pyroptotic cell death [63,64].



IL-1β is the mediator of lung inflammation, fever, and fibrosis. DAMPs spreading after pyroptosis amplifies the cascade and potentiates the inflammation.



Costimulatory molecules become activated on APCs which process the foreign antigens and show them to the in-transit T cells. Moreover, cytokines and PAMPs upregulate the canonical and non-canonical inflammasome components through a transcriptional adjustment [65].



Neutrophil function and neutrophil extracellular traps (NETs) are other crucial factors implicated in the earliest events of immune activation.



Although NETs play important roles by trapping pathogens, their extensive formation with increased amounts of extracellular DNA may contribute to the perpetuation of inflammation and tissue damage [66,67,68,69,70,71,72,73,74,75]. Contemporary studies suggested their role in the activation of platelets, causing coagulative disorders, thrombosis, injuries of endothelial cells and organ damage [74,76,77].



Remarkably, depending on the gravity of the lesion, the extent and duration of this physiological disarrangement differ and will eventually carry to multiple organ dysfunction syndrome (MODS). Such condition is caused by systemic inflammatory response syndrome (SIRS) followed transiently by a balancing anti-inflammatory response syndrome (CARS) along with adaptive immunity downregulation [78,79,80].



The pathological mechanisms involve a carefully orchestrated and repeatable genomic storm which constitutes a transcriptional adjustment to acute stress, independently of its provenance [81].



In seriously diseased post-injured patients, this response, along with the high release of PAMPs and DAMPs and the bacterial contamination, could activate further pathological pathways. Consequently, an evolutive MODS will follow, presenting with ARDS, coagulopathy, hepatic and kidney failure.



The underneath pathophysiological mechanism determines the main clinical presentation as follows: thrombotic microangiopathies, coagulative disorders and complement signaling overactivation cause disseminated microvascular thrombosis; pathological triggering of the immune system with subsequent development of severe inflammatory state; immune paralysis with secondary infections due to CD4+, CD8+ and lack of dendritic cells.



In consideration of this overview, the fundamental principle, which would have to act as a beacon light of any efficacious treatment after trauma, is to resolve the injury limiting the further freeing of DAMPs. In this perspective, surgery may be appropriate whenever no other convenient opportunities are available, thereby enabling a faster recovery.



Likewise, liver trauma is associated with hepatic cell death. This is partially due to the injury itself, directly or through the ischemic events, and it could be exacerbated by hemostatic procedures and surgery.



The differentiation between apoptosis and necrosis is crucial regarding hepatocytes. The first one is an uncontrolled breakdown of cells secondary to a severe damage, and the second one is a physiologically inducible and finely planned event. Necrosis leads to a massive inflammatory reaction secondary to the release of lysosomal contents and membrane disruption. Apoptosis requires energy, no collateral damage occurs, and it is characterized by plasma membrane blebbing, chromosomal condensation and nuclear DNA fragmentation [82].



The liver parenchyma in humans has the distinctive capacity of reconstituting following any insult. Although injured lobes do not regenerate in the exact identical manner, a hyperplastic response in the residual parenchyma leads to hypertrophy [83] to restore the lost mass. Typically, the liver regains the majority of its mass in about 2 weeks, regaining its function [84,85,86,87].



Liver regeneration was firstly described by Higgins and Anderson (1931) in an experimental animal model [88] in which a two-thirds partial hepatectomy (PHx) was conducted without damaging the remaining lobes. The result was a broadening of remnant lobes to compensate for the missing parenchyma in one week.



From a pathophysiological point of view, the main cells in charge for liver regeneration after surgical resection or any kind of “trauma” are the hepatocytes that proliferate proportionally to the level of damage [89].



After 48–96 h, the other mature cellular populations (biliary and fenestrated endothelial cells, Kupffer cells, and cells of Ito) start to proliferate, following the mitogenic stimuli from the hepatocytes [90,91,92].



Hepatocyte proliferation starts in the periportal areas of the lobules and then proceeds to the pericentral areas by 36 to 48 h [93].



The hepatic matrix changes from high laminin content to fibronectin and collagen types IV and I.



Hepatic progenitor cells (HPCs), which originates from the canals of Hering [94,95,96], seems to support the process of regeneration. They have been described in chronic hepatopathies [97] and play an essential role in acetaminophen-induced injury [98].



The first considered initial factors with the role of stimulating many other transcriptional factors in hepatic reconstitution were Interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) [99,100]. Afterwards, other blood-derived mitogens, as hepatocyte growth factor (HGF), were recognized as potential growth factors in hepatic rebuilding [101].



Webber and colleagues (1994) stated that the role of HGF and others grow factors (i.e., transforming growth factor-α (TGF-α) and heparin-binding epidermal growth factor (HB-EGF) does not rely only in their proliferative stimulus, but first and foremost in their power to act as “priming” signals to switch the hepatic cells into a responsive condition [102]. They recognized signals implicated in the activation of the reaction to damage permitting capable hepatocytes to proceed into their cell cycle.



In addition, this pathway is regulated by co-mitogens (insulin, glucagon, steroid hormones, notably estradiol, and epinephrine) which downregulate growth factor inhibitors (activin A and TGF-β) and promote mitogens function.



The endotoxin lipopolysaccharide (LPS) is one of the few factors that have a primary role in the release of cytokines and growth factors implicated in hepatic reconstitution. Such molecule is a product of Gram-negative microbes of the intestine that acts as a powerful message for Kupffer cells in initiating the process of regeneration.



Other humoral factors that trigger the concerted regenerative response in hepatocytes seem fundamental. Among them, there are the urokinase plasminogen activator (uPA) and its downstream effector plasminogen that cleave the pro-HGF and the extracellular adenosine triphosphate (ATP), determining a fast temporary triggering of c-Jun–amino-terminal kinase (JNK) pathway, induction of early genes FOS and JUN, and AP-1 DNA-binding activity [103,104,105].



This process is counteracted by stimuli to terminate the proliferation when the liver size reaches the functional needs of the organism. In some words, a “hepatostat” might exist as a major controller of the liver/body-mass ratio.



The major inhibitors of hepatic proliferation are TGF-β and associated other components as activin [106]. TGF-β is produced mainly by hepatic stellate cells. In the early phase, it forms inhibitory complexes with SKI proto-oncogene (SKI) and SKI-like proto-oncogene (SnoN) [107], rendering hepatocytes initially resistant to TGF-β [108]. Subsequently, this factor operates through a heteromeric receptor complex, which then phosphorylate proteins of the SMAD family (protein homologs of both the Drosophila protein mothers against decapentaplegic (MAD) and the Caenorhabditis elegans protein SMA), notably SMAD2 and SMAD3 [109].



Reactive oxygen species (ROS) promote synthesis and activation of TGF-β [110], explaining the decreased replication following ischemia and reperfusion.



Many factors may impact the liver’s ability to regenerate: age of the patients and of the liver [111,112]; biliary obstruction or the presence of external biliary drainage for obstructive jaundice impairing enterohepatic circulation may reduce liver regeneration [113]; diabetes mellitus [114,115,116,117]; nutritional status; hepatic diseases [118,119]; male gender [120]; pharmacologic therapy, including frequently prescribed drugs and chemotherapy.



However, the regenerated parenchyma is deformed with an important change in anatomical borders, frequently characterized by a rotation of the portal triad components [121,122,123].




13. Conclusions


In conclusion, NOM of liver injury may always be considered in hemodynamically stable patients for every grade of the lesions.



Many operative approaches are helpful to stop the bleeding and to resolve biliary complications of trauma, avoiding or delaying strong surgery, at least until local and systemic inflammatory responses are nearly resolved.



This attitude may limit acute systemic evolving and chronic hepatic consequences of trauma.



To this end, a flawlessly orchestrated action of the multidisciplinary team is essential to promptly achieve the right decision, avoiding any delay in diagnosis, minimizing mortality and morbidity, and shortening hospital stay.
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