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    Abstract
The acute extremity compartment syndrome is caused by increased compartment volume or restriction of compartment size. There are 23% of all compartment syndrome is caused by isolated soft-tissue injury especially in crushing injury. We report a 30-year-old male with the initial diagnosis of the right tibia open fracture, Gustilo Type II, due to a motor-vehicle accident. Besides the right leg condition, he was continually suffered from left leg pain, where the X-ray revealed no apparent fracture since the collision. The physical examination showed no skin lesion and deformity; however, numbness and tightness were noted, toe stretching pain+, Pedis Dorsalis Artery+, Posterior Tibialis Artery+. Doppler showed the presence of PDA and PTA blood flow. Nine hours after the injury, pain and numbness of his left leg and foot still persisted and also pale and pulseless developed. Doppler for his left leg was done again and showed the negative result of PTA and PDA. Emergent bilateral side fasciotomy for his left leg was arranged, and the cardiovascular department was consulted for intraoperative angiography. The fasciotomy wound was cared with sterilized saline wet dressing for 3 days. Medial fasciotomy was closed with delayed primary method, and the lateral sides were treated with split-thickness skin graft. Acute compartment syndrome is diagnosed by the interpretation of a collection of clinical signs and symptoms. In a patient with a swollen limb, in the absence of a fracture and for whom, there is a suspicion of an acute compartment syndrome, methods, technology, and application for the early detection of acute compartment syndrome is important and also provides promising opportunities for the clinicians to perform early interventions.
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    Introduction


    The acute extremity compartment syndrome is considered a severe complication caused by increased compartment volume or restriction of compartment size. It is mostly caused by high-energy blunt trauma, which is usually associated with a fracture especially within a long bone.


    Acute compartment syndrome in the absence of fracture has been reported in several cases including spontaneous cases and those caused by soft-tissue injury or even in a well leg. There are 23% of all compartment syndrome is caused by isolated soft-tissue injury especially in crushing injury.[bookmark: ft1][1] We reported a case of acute compartment syndrome in the left leg, which is the relative sound side in a high-energy trauma.


    Case Report


    This 30-year-old male without specific history was sent to our emergency department following a motor-vehicle traffic accident with the initial diagnosis of the right tibia and fibula midshaft open fracture, Gustilo Type II, with open wound about 1.2 cm [Figure - 1]. Besides the right leg condition, he had been continually suffered from contralateral left leg cramping pain since the collision [Figure - 2]. Physical examination showed no apparent skin lesion and deformity of the leg; however, numbness and palpable tightness compared with the right leg were noted, the toe-stretching pain was not obvious, and dorsalis pedis artery and posterior tibial artery were all palpable, and the left leg blood flow was all presence under Doppler scan. X-ray of left leg revealed neither apparent fracture pattern nor anomaly. About 9 h after the trauma, the left leg and foot pain and numbness still persisted, and also, pale and pulseless were found. Bedside Doppler for the left leg was followed again and showed the negative result of dorsalis pedis artery and posterior tibial artery. We arranged emergent left leg bilateral side fasciotomy; however, after the procedure, still neither significant improved in the distal perfusion nor pulsation noted by the Doppler scan; hence, we consulted the cardiovascular department for intraoperative angiography for the left leg, which revealed the presence of popliteal artery blood flow, but diminished anterior and posterior tibial artery [Figure - 3]. After the emergent fasciotomy and angiography, we performed the scheduled open reduction with interlocking nail fixation of the right tibia and K-wire fixation of the right fibula. The open fasciotomy wound was cared with sterilized saline wet dressing for 3 days. Medial fasciotomy was closed with the delayed primary method, and a lateral fasciotomy was treated with split-thickness skin graft. No neurologic deficit with only mild residual pain at the time of discharge. The patient had been regularly followed up at our hospital for over a year; and from the latest follow-up, the right tibial and fibular fracture had healed properly, and there was no more residual discomfort noted at the left previous acute compartment syndrome leg [Figure - 4].
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        	Figure 1: Right tibia and fibula midshaft open fracture with open wound about 1.2 cm
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        	Figure 2: No sign of fracture was noted on the left leg
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        	Figure 3: Left: Emergent bilateral fasciotomy. Right: Intraoperative angiography revealed presence of left popliteal artery blood flow, but diminished anterior and posterior tibial artery
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        	Figure 4: Open reduction and internal fixations with intramedullary nail and K-wire were done on the right leg
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    Discussion


    The only sign of our patient was the overrated pain, without any clue of acute compartment syndromes such as the presence of a fracture, significant passive stretching pain, sensory changes, or loss of motor power.


    It was said that fractures account for approximately 75% of cases in acute compartment syndrome.[bookmark: ft2][2] The rest of all compartment syndrome is caused by isolated soft-tissue injury especially in blunt crushing injury. Livingston et al.[bookmark: ft3][3] had found that vascular causes were the most prevalent (28%), followed by trauma (26%), postoperative causes (21%), exertion (15%), and infection (10%). In a series of acute compartment syndrome with the absence of fracture,[bookmark: ft4][4],[bookmark: ft5][5],[bookmark: ft6][6],[bookmark: ft7][7],[bookmark: ft8][8] it had shown that this kind of patient is more likely to have a delay to fasciotomy and also more likely to have muscle necrosis at fasciotomy than the acute compartment syndrome patients who have underlying fractures. In comparing the time from injury to fasciotomy for the groups with and without a fracture in acute compartment syndrome, the mean values were 26.3 versus 31.8 h, respectively. Moreover, to our acknowledgment, delay to the fasciotomy treatment is a single cause of a poor outcome in acute compartment syndrome;[bookmark: ft9][9],[bookmark: ft10][10],[bookmark: ft11][11] hence, it is important for us to screen out and be alert of the potential acute compartment syndrome candidate.


    The first sign of compartment syndrome is disproportionate pain to the severity of injury. Then, paresthesia and paralysis may gradually develop. The timing between these symptoms is variable; and even in sometimes, only a few signs will present. Hence, the diagnosis of the acute compartment syndrome is often difficult in patients who cannot give a clear history or participate in a rigorous clinical examination. In these patients, a reliable screening tool to diagnose a developing compartment syndrome would provide the opportunity to intervene earlier and avoid the sequelae of a delayed diagnosis. Compartment pressure measurement with needle manometer, wick catheter, or slit catheter had been described in several literatures.[bookmark: ft12][12],[bookmark: ft13][13],[bookmark: ft14][14],[bookmark: ft15][15] Experts have advocated fasciotomy for absolute compartment pressures from 30 to 45 mmHg.[bookmark: ft16][16] A new ultrasonic intervention called pulsed phase-locked loop which was initially developed by Ueno et al.[bookmark: ft17][17] can detect the very subtle movements of fascia that correspond to local arterial pulsation may be useful in the diagnosis of acute compartment syndrome.[bookmark: ft18][18],[bookmark: ft19][19] In a study by Abraham et al.,[bookmark: ft20][20] laser Doppler flowmetry which works by analyzing the differences between the reflected and returned signals of light, shows the potential of detecting acute compartment syndrome. Creatine kinase, myoglobin, and fatty acid-binding protein are enzyme which elevated during myocardial muscles, and also skeletal muscles injury. However, the clinical meaning in acute compartment syndrome is still under debate. Magnetic resonance imaging can show the tissue changes in an established compartment syndrome in a very late stage but fails to identify early changes of an acute compartment syndrome. In 2008, Shadgan et al.[bookmark: ft21][21] had reviewed several objective techniques such as near-infrared spectroscopy, muscle hardness measurement techniques, and tissue ultrafiltration; however, the efficiency and clinical values still need to be evaluated.


    In our patient, we had provided repetitive physical examination because of severe cramping pain even after mild sedation and adequate pain control. Moreover, as soon as we noticed the diminishing of the pulse, we arranged the emergent fasciotomy and angiography. The pules were restored after the treatment. Neither significant neurological deficit nor residual pain at the latest follow up.
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  Figure 1: Right tibia and fibula midshaft open fracture with open wound about 1.2 cm


  Figure: 2
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  Figure 2: No sign of fracture was noted on the left leg


  Figure: 3
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  Figure 3: Left: Emergent bilateral fasciotomy. Right: Intraoperative angiography revealed presence of left popliteal artery blood flow, but diminished anterior and posterior tibial artery


  Figure: 4
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  Figure 4: Open reduction and internal fixations with intramedullary nail and K-wire were done on the right leg
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