Olusegun Osinbowale 
email: oosinbowale@ochsner.org
  
John R Bartholomew 
  
Rectus sheath hematoma

Keywords: abdominal compartment syndrome, abdominal pain, anticoagulation, rectus sheath hematoma

Rectus sheath hematoma (RSH) is a known complication of anticoagulation therapy and a source of potential morbidity and mortality. Early diagnosis and appropriate treatment may help to prevent complications including hemodynamic instability, the abdominal compartment syndrome or multiorgan dysfunction. Although the diagnosis can be made clinically, it can be confirmed with computed tomography of the abdomen. Most patients can be managed conservatively; however, it is often necessary to suspend anticoagulation in the acute setting. Rectus sheath hematoma is not a contraindication to resuming anticoagulation once the hematoma has been adequately managed and the patient has returned to a stable clinical baseline.

Introduction

Rectus sheath hematoma is an uncommon complication of anticoagulation that generally presents as sudden onset of abdominal pain. Prompt recognition, diagnosis and treatment are essential to minimize further complications including hemodynamic instability, the abdominal compartment syndrome, multiorgan dysfunction and death. Depending on the severity and presentation, most patients may resume anticoagulation within 1-2 weeks following a full recovery.

Case presentation

A 66-year-old male presented to the emergency department (ED) with progressive dyspnea, lowgrade fever, an intermittent cough and right upper quadrant pain. He had a past medical history of peripheral artery disease (PAD), the antiphospholipid syndrome (APS) and mesenteric ischemia requiring long-term total parenteral nutrition (TPN). He was on lifelong anticoagulation for a previous history of pulmonary embolism and super-ior vena cava thrombosis and APS. His surgical history included a partial bowel resection.

On physical examination, he was afebrile (98.9°F), his blood pressure was 120/60 mmHg, pulse rate was 90 and respirations were 20 per minute. He was alert but chronically ill-appearing. He had a 2/6 systolic murmur with a regular rhythm and a tunneled catheter (for his total parenteral nutrition) was present on his right upper chest wall. His lungs were clear to auscultation; however, his abdomen was tender to palpation in both upper quadrants. Bowel sounds were present and no palpable masses or organomegaly were noted. His legs were unremarkable with normal pulses. Computed axial tomography (CT) of the chest was performed in the ED and reported new thrombosis in his superior vena cava extending into the azygous vein and chronic extensive upper lung peribronchovascular ground-glass opacities consistent with a pneumonitis. An abdominal CT scan revealed diverticulosis in the sigmoid colon without evidence of diverticulitis.

The patient was admitted for intravenous antibiotics for suspected line infection. His coumadin was held due to a supratherapeutic international normalized ratio (INR) (Table 1). Over the next few days he improved slowly but continued to complain of an intermittent cough, present for the last 2 weeks. His tunneled catheter was removed on hospital day 4, but the following day there was sudden worsening and a change in the character of his abdominal pain. Surgical consultation noted a diffusely tender abdomen with a palpable left upper quadrant mass. On repeat physical examination, there was no ecchymosis or erythema but his bowel sounds were now hypoactive. A repeat CT scan of the abdomen demonstrated a 17 × 13 × 17 cm mixed attenuation left upper quadrant collection displacing his spleen and left kidney and a left upper quadrant 5 × 9 × 16 cm rectus sheath hematoma (Figures 123).

Discussion

Rectus sheath hematoma (RSH) was considered the most likely diagnosis for this patient's abdominal pain. His admission CT was negative for RSH (Figures 4 and 5); a repeat CT scan was performed to characterize, confirm and classify the extent of his hematoma and to determine whether any intraabdominal organs were involved. Berna, et al. have published a classification system (Grades I-III) for RSH as determined by CT imaging (Table 2). [START_REF] Berna | Rectus sheath hematoma: diagnostic classification by CT[END_REF][START_REF] Berna | Conservative treatment of large rectus sheath hematoma in patients undergoing anticoagulant therapy[END_REF] Our patient had a Grade I hematoma. Hematoma grade has several clinical implications. First, knowledge of RSH grade aids practitioners in assessing patient risk and anticipating potential complications. Berna's 2000 paper describes that patients with Grade III hematomas were the most likely to require blood products, either to replace volume or reverse effects of anticoagulation. Notwithstanding improve-ments in blood product screening and handling, risks of infection, transfusion reactions and issues of anxiety prevail. Additionally, anticoagulated patients with Grades II and III RSH are likely to require anticoagulation reversal, which carries a theoretical risk of new venous thromboembolism in patients with thrombophilia, although this risk is not well documented in the medical literature. Hospital stay is longest in patients with Grade III RSH; Berna reports hospital stays of 10-16 days in these patients compared to 1-10 days in Grade II RSH patients. [START_REF] Berna | Conservative treatment of large rectus sheath hematoma in patients undergoing anticoagulant therapy[END_REF] Finally, various complications from bleeding have been reported. These complications are more apt to occur with higher RSH grades and include muscle necrosis, hypovolemic shock, cardiac arrhythmias, myocardial infarction and abdominal compartment syndrome. They carry increased morbidity and mortality risk in the acute setting, not to mention the additional healthcare costs. Even so, once clinically stabilized, most patients may safely resume therapeutic anticoagulation in a supervised setting within 1-2 weeks of RSH. [START_REF] Berna | Conservative treatment of large rectus sheath hematoma in patients undergoing anticoagulant therapy[END_REF] Risk factors for RSH include anticoagulation, trauma, repeated Valsalva maneuvers, hypertension, coughing and elderly individuals. [START_REF] Titone | Spontaneous' hematoma of the rectus abdominis muscle: critical review of 50 cases with emphasis on early diagnosis and treatment[END_REF] Associated signs include pain, a low-grade fever, tachycardia, abdominal guarding, and ecchymoses. Laboratory findings may demonstrate a decrease in the hemoglobin level, although this may be misleading early in the course. Leukocytosis, thrombocytosis and prolonged clotting studies in patients on oral anticoagulation may also be present. Although a palpable abdominal wall mass is a very specific finding for RSH, this is not always apparent, particularly with bilateral hematomas. The examiner should also be aware of several physical signs of RSH including Cullen's sign, Grey-Turner's sign, Carnett's sign and Fothergill's sign (Table 3). Carnett's sign, also known as the abdominal wall test, has been shown to be up to 95% specific for an isolated abdominal wall process. [START_REF] Thomson | Abdominal-wall tenderness: a useful sign in the acute abdomen[END_REF] Ultrasound may also be useful in the diagnosis but with less sensitivity, ranging from 70% to 90% in published reviews. Computed axial tomography of the abdomen is useful in excluding other intra-abdominal processes and is the gold standard with virtually 100% sensitivity and specificity for RSH. [START_REF] Berna | Rectus sheath hematoma: diagnostic classification by CT[END_REF][START_REF] Berna | Conservative treatment of large rectus sheath hematoma in patients undergoing anticoagulant therapy[END_REF][START_REF] Cherry | Rectus sheath hematoma: review of 126 cases at a single institution[END_REF][START_REF] Gallego | Ultrasonography and computed tomography reduce unnecessary surgery in abdominal rectus sheath haematoma[END_REF] Epidemiologically, RSH demonstrates a male: female ratio of 1:2-3 and primarily occurs between the ages of 50 and 60 years. It accounts for 1.5-2% of cases of unexplained abdominal pain and may occur more often in the right lower quadrant for reasons that have not been elucidated in published reviews. This predilection for the lower abdominal quadrants may be due in part to anatomic considerations as most cases of RSH involve the superior and inferior epigastric vessels, which run along the posterior border of the rectus muscle. The superior portions of the rectus muscle are covered completely by a sheath stemming from aponeuroses of the internal and external oblique abdominal wall muscles and the transversalis muscle, but there may be a deficiency of this sheath below the linea semicircularis or arcuate line of Douglas, an area between the umbilicus and the pubic symphysis. This allows a large RSH to extend intraperitoneally by path of least resistance.

A proper and rapid diagnosis is important to outcomes, as mortality risk from RSH is 4% overall, but may be as high as 25% in patients on anticoagulation. Higher mortality rates (up to two to three times that of the average risk patient) have also been documented in pregnant women. [START_REF] Luhmann | Rectus sheath hematoma: a series of unfortunate events[END_REF] Most patients can be managed conservatively with intravenous fluid resuscitation, pain management, withholding anticoagulants and a gradual increase in their activity. [START_REF] Cherry | Rectus sheath hematoma: review of 126 cases at a single institution[END_REF][START_REF] Luhmann | Rectus sheath hematoma: a series of unfortunate events[END_REF][START_REF] O'mara | Abdominal compartment syndrome as a consequence of rectus sheath hematoma[END_REF][START_REF] Costello | Rectus sheath haematoma: 'a diagnostic dilemma?[END_REF] Some cases may require blood Table 2 CT classification of rectus sheath hematoma [START_REF] Berna | Rectus sheath hematoma: diagnostic classification by CT[END_REF][START_REF] Berna | Conservative treatment of large rectus sheath hematoma in patients undergoing anticoagulant therapy[END_REF] Grade I Mild RSH that is intramuscular, unilateral, and does not dissect along fascia adjacent to the rectus muscle Grade II Moderate RSH that is intramuscular, dissects along adjacent fascia and may involve bilateral rectus muscles but without extension into the prevesical space Grade III

Severe RSH that dissects along the fascia and extends into the peritoneum and the prevesical space transfusion products and vitamin K to reverse their anticoagulation and to optimize hemodynamic stability, while the more serious cases require intensive care unit monitoring and may result in tissue necrosis due to hypoperfusion. [START_REF] Dineen | Small bowel infarction complicating rectus sheath haematoma in an anticoagulated patient[END_REF] Patients may also develop abdominal hypertension which may progress to the abdominal compartment syndrome (ACS) and an increased risk of significant morbidity or death. [START_REF] Luhmann | Rectus sheath hematoma: a series of unfortunate events[END_REF][START_REF] Sieh | Intra-abdominal hypertension and abdominal compartment syndrome[END_REF] When a bleeding vessel is identified in a patient suitable for intervention, catheter-based arterial embolization or laparotomy with vessel ligation and evacuation of the hematoma can improve the outcome. [START_REF] Rimola | Percutaneous arterial embolization in the management of rectus sheath hematoma[END_REF] Acute compartment syndrome is characterized by increased intra-abdominal pressure, which is seen most often with abdominal trauma and may lead to end-organ hypoperfusion. It represents a difficult situation due to additional diagnostic and therapeutic challenges. It is critical to maintain vigilance for this complication by recognizing signs of intraabdominal hypertension and to recruit the assistance of experienced specialists in its management. The ability to cause end-organ dysfunction that progresses to multisystem organ failure within several hours to days makes ACS the most dreaded complication of RSH. Thus, the presence of intraabdominal hypertension should prompt a more aggressive approach to management. Normal intra-abdominal pressure is zero, although it may increase slowly (i.e. over several weeks and months) without significant risk of ACS in chronic conditions such as pregnancy or ascites. [START_REF] Sieh | Intra-abdominal hypertension and abdominal compartment syndrome[END_REF] Physiological derangements in ACS include impaired venous return, elevated diaphragm, increased intrathoracic pressure, decreased cardiac preload and increased peripheral vascular resistance mostly occurring over a time frame of several hours. Tissue hypoperfusion is further exacerbated by impaired cardiac output and cardiopulmonary dysfunction. Compen-satory mechanisms of tachycardia and tachypnea may only be briefly sustainable, particularly in a patient with poor reserve or who is acutely anemic from high-grade RSH or other recent blood loss, and the patient's condition may worsen as long as ACS is not recognized and addressed.

Clinical signs of ACS include oliguria, decreased cardiac output, alterations in minute ventilation, intracranial hypertension and altered splanchnic blood flow. The diagnosis can be confirmed using indwelling catheter manometry of the bladder to measure the intra-abdominal pressure. In most published reviews, the causes of death in RSH include multiple organ failure as a result of hemodynamic compromise; acute renal failure related to hypovolemic shock; and worsening of chronic cardiac failure in the setting of hemodynamic instability. [START_REF] Luhmann | Rectus sheath hematoma: a series of unfortunate events[END_REF][START_REF] O'mara | Abdominal compartment syndrome as a consequence of rectus sheath hematoma[END_REF][START_REF] Orlando | The abdominal compartment syndrome[END_REF] Although the incidence of abdominal compartment syndrome in RSH is unknown, ACS may occur in 5.5% to 35% of trauma patients with intraperitoneal injury. Management of ACS varies with grade or severity. Even after surgical decompression, patients remain at risk for complications related to the surgical wound and infection; mortality rates may be as high as 50% in cases of an open abdomen after decompressive laparotomy. [START_REF] Orlando | The abdominal compartment syndrome[END_REF] The surgical literature advocates use of an ACS grading system based on the level of intra-abdominal hypertension and organ dysfunction to determine optimal timing of surgical decompression, with intra-abdominal pressures above 25 mmHg defining Grades III and IV ACS. [START_REF] O'mara | Abdominal compartment syndrome as a consequence of rectus sheath hematoma[END_REF][START_REF] Sieh | Intra-abdominal hypertension and abdominal compartment syndrome[END_REF][START_REF] Meldrum | Prospective characterization and selective management of the abdominal compartment syndrome[END_REF] 

Conclusion

Our patient was managed conservatively, although he did require two units of packed red blood cells and reversal of his supratherapeutic INR with oral vitamin K. He likely developed the RSH as a complication of anticoagulation and intermittent coughing. His creatinine normalized with fluid resuscitation and he did not develop any other signs of multisystem organ failure. He was discharged on therapeutic subcutaneous low-molecular weight heparin to continue treatment of his APS, with plans for eventual return to coumadin.

In summary, sudden abdominal pain has a multitude of potential causes, including RSH, acute mesenteric ischemia, acute volvulus, bowel herniation with incarceration or strangulation, hollow viscous perforation, acute appendicitis, ureteral or choledochal lithiasis, referred pain from acute myocardial ischemia, pulmonary infarction, pneumonia and acute esophageal spasm. Early diagnosis and appropriate management of these conditions is critical to optimal patient outcomes. [START_REF] Edlow | Rectus sheath hematoma[END_REF] Table 3 Physical exam signs in rectus sheath hematoma [START_REF] Thomson | Abdominal-wall tenderness: a useful sign in the acute abdomen[END_REF][START_REF] Luhmann | Rectus sheath hematoma: a series of unfortunate events[END_REF][START_REF] Rimola | Percutaneous arterial embolization in the management of rectus sheath hematoma[END_REF] Cullen's sign Cutaneous discoloration in the periumbilical area in cases of hemorrhage in or around the retroperineum or abdominal wall Grey-Turner's sign Cutaneous discoloration in the flank area in cases of abdominal wall or retroperitoneal hemorrhage Fothergill's sign Tender abdominal mass that does not cross the midline and remains palpable with tensing of the rectus sheath Carnett's sign Tenderness within the abdominal wall that persists, and does not improve, with head raise

Figure 1

 1 Figure 1 This CT image of the abdomen demonstrates a left-sided RSH (arrow) at the level of the gastric body. Note asymmetry from the contralateral rectus abdominis muscle.

Figure 2

 2 Figure 2 This CT image of the abdomen demonstrates a left-sided RSH (closed arrow) at the level of the kidneys. Note the intramuscular hematocrit signal within the left rectus abdominis muscle body causing a visible asymmetry of the overlying abdominal contour (open arrow).

Figure 3

 3 Figure 3 CT image of the abdomen demonstrating extension of the left-sided RSH (arrow) into the pelvis.

Figure 4

 4 Figure 4 CT image of the same patient on initial presentation demonstrating normal rectus sheaths bilaterally (arrows) and in upper abdomen.

Figure 5

 5 Figure 5 CT image of the same patient on initial presentation demonstrating normal rectus sheaths (arrows) in mid-abdomen.

Table 1

 1 Coagulation results

	Hospital day	INR
	1	4 . 1
	2	5 . 2
	3	6 . 8 a
	4	3 . 3
	5	1 . 9
	INR, international normalized ratio.

a 2.5 mg oral vitamin K given.
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