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Missed diagnosis of femoral deep artery rupture after femoral shaft fracture: A case report
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Abstract
BACKGROUND
Vascular injury is a rare complication of femoral shaft fractures, and rupture of the deep femoral artery is more difficult to diagnose because of its anatomical location and symptoms. Despite its low incidence, deep femoral artery rupture can lead to life-threatening outcomes, such as compartment syndrome, making early identification and diagnosis critical.

CASE SUMMARY
A 45-year-old male patient was admitted to our hospital due to right lower limb trauma in a car accident, with complaints of severe pain and swelling on his right thigh. X-ray demonstrated a right femoral shaft fracture. During preparation for emergency surgery, his blood pressure and blood oxygen saturation dropped, and sensorimotor function was lost. Computed tomography angiography was performed immediately to confirm the diagnosis of rupture of the deep femoral artery and compartment syndrome, so fasciotomy and vacuum-assisted closure were performed. Rhabdomyolysis took place after the operation and the patient was treated with appropriate electrolyte correction and diuretic therapy. Twenty days after the fasciotomy, treatment with the Hoffman Type II External Fixation System was planned, but it was unable to be immobilized internally based on a new esophageal cancer diagnosis. We kept the external fixation for 1 year, and 3 years of follow-up showed improvement of the patient’s overall conditions and muscle strength.

CONCLUSION
For patients with thigh swelling, pain, anemia, and unstable vital signs, anterior femoral artery injury should be highly suspected. Once diagnosed, surgical treatment should be performed immediately and complications of artery rupture must be suspected and addressed in time.

Key words: Femoral shaft fracture; Femoral deep artery branch rupture; Perforating artery rupture; Thigh compartment syndrome; Rhabdomyolysis; External fixation; Case report

[bookmark: _GoBack]Ge J, Kong KY, Cheng XQ, Li P, Hu XX, Yang HL, Shen MJ. Missed diagnosis of femoral deep artery rupture after femoral shaft fracture: A case report. World J Clin Cases 2020; 8(13): 2862-2869 URL: https://www.wjgnet.com/2307-8960/full/v8/i13/2862.htm DOI: https://dx.doi.org/10.12998/wjcc.v8.i13.2862

Core tip: We present a case of deep femoral artery injury in a patient with femoral fracture, which was very surprising considering the anatomical position of the deep artery, with the lower position of the femoral shaft fracture being compared to the hip fracture. In addition, for doctors, the possibility of diagnosing arterial rupture based on the non-specific symptoms of arterial rupture is much greater, which tends to cause a missed diagnosis. In addition, this case also introduces the treatment of life-threatening complications and feasible surgical techniques after arterial rupture.


INTRODUCTION
High-energy trauma is the most common reason for femoral shaft fracture. Vascular injury after femoral shaft fractures is a rare but life-threatening complication. Femoral artery injury occurs in 2% of patients with femoral shaft fractures[1]. Usually, patients experience symptoms such as low temperature in the lower limbs and no ankle pulsations[2]. Here, we present a case of a patient who suffered from atypical symptoms after closed femoral shaft fracture with femoral perforating artery rupture. 

CASE PRESENTATION
History of present illness and chief complaints
A 45-year-old male patient was admitted to our hospital due to right lower limb trauma in a car accident, complaining of severe pain and swelling on his right thigh.

Personal and family history
His personal and family history contained nothing of note. There was no family history of related inherent diseases.

Physical examination upon admission
Severe pain and swelling were found on the patient’s right thigh. Peripheral circulation was in good condition, with both the femoral artery pulse and ankle pulsations detected. When preparing for surgery about 4 h after admission, the patient reported that the right ankle joint could not be twisted, and the right lower limb was numb, especially the lateral calf, top foot, and plantar numbness, but ankle pulsations could still be detected.

Laboratory examinations
When preparing for emergency surgery about 4 h after the admission, the blood pressure and pulse oxygen of the patient sharply dropped to 83/58 mmHg and 70%, respectively. 

Imagining examinations
Upon admission, X-ray demonstrated a right femoral shaft fracture (Figure 1A). Upon the decrease in blood pressure and oxygen saturation, computed tomography angiography (referred to as CTA) was done immediately to confirm the diagnosis of deep femoral artery injury (Figure 1B). Contrast media accumulated at the femoral artery perforation, suggesting rupture of the blood vessel. The vessel was embodied at once by the interventional operation (Figure 1C). 

FINAL DIAGNOSIS
The patient was finally diagnosed with femoral shaft fracture and injury of the deep femoral artery. Considering numbness and swelling, the patient also suffered from chamber syndrome, a complication of deep femoral artery rupture.

TREATMENT
A fasciotomy between sartorius, rectus femoris, and vastus medialis was performed and vacuum-assisted closure was used for compartment syndrome.
[bookmark: _Hlk12272061][bookmark: _Hlk12285161]One day after the operation (day 3 in the hospital), there was a sharp decrease in the amount of urine output from the patient, with the color of the urine being dark tea-like in color. Furosemide was utilized and the symptom was relieved. Anemia was found in the patient. Two days after the operation (day 4 in the hospital), laboratory values revealed low hemoglobin (63 g/L), high aspartate amino transferase (1049.6 U/L), and high creatinine kinase (CK) (44205.2 U/L), indicating extensive muscle injury (Figure 2). Magnetic resonance imaging short TI reverse recovery sequences showed discontinuities in the right mid femoral shaft, dislocation of the stump, and swelling of the surrounding muscles (Figure 3A and 3B). Thus, the patient was definitely diagnosed with rhabdomyolysis. Hemodialysis treatment was not given due to the normal renal function. The patient was treated with the appropriate electrolyte correction, pH correction, and diuretic therapy. Laboratory tests were repeated daily. CK decreased from 44205.2 U/L to 26202.8 U/L on day 5 after admission, then rose again and gradually decreased to normal in the following days (Figure 2). Seven days after the operation, the right thigh was still swollen. Vacuum-assisted closure was removed after subcutaneous drainage. The condition improved after continuous subcutaneous drainage. The visual analogue score dropped from 8 to 4, with the swelling of the right thigh significantly reduced. Continuous traction of tibial nodules was offered. He was treated for a femoral fracture 20 d after the fasciotomy. A Hoffman II external fixator was offered (Stryker Trauma AG, Seizach, Switzerland; Figure 4A to 4C).
Originally, we intended to perform secondary internal fixation after external fixation. Unfortunately, after 1 wk of external fixation, the patient suddenly had difficulty swallowing. He was immediately transferred to the Thoracic Surgery Department and was diagnosed with esophageal cancer (poorly differentiated squamous cell carcinoma). The esophageal fistula made the patient miss the best time to replace the internal fixation 2 mo after the operation.

OUTCOME AND FOLLOW-UP
The 3-mo follow-up radiography showed that the callus had formed instead of the disappearing fracture line, indicating that the fracture had been healing. After careful consideration, we finally decided to keep the external fixator.
The 1-year follow-up of the patient at the local hospital showed that the fracture line had been blurred with mass formation of callus at the fracture site (Figure 4D). However, the function of the lower limbs of the patient had not fully recovered. The right quadriceps and biceps femoris muscle strength was grade III. While the muscle strength of right tibialis anterior, gastrocnemius, and extensor hallux are Grade 0. Electromyography showed the patient’s right tibial nerve, common peroneal nerve, superficial peroneal nerve, and sural nerve showed a negative reaction. Then the external fixation was removed. The 3-year-follow-up radiography revealed union of the fracture (Figure 4E and 4F). The patient's muscle strength has partially recovered. The strength of the right quadriceps and biceps femoris muscles is Grade 4. His right tibialis anterior, gastrocnemius, and extensor hallux muscle strength has improved to Grade 2. The patient is able to walk and is independent in self-care.

DISCUSSION
Blood supply to the femur is mostly provided by the femoral artery, branching into the deep femoral and the superficial femoral artery. Special attention should be paid to fractures at the junction of the middle and distal thirds of the femoral shaft, as the femoral artery in the adductor canal can be damaged[3]. The femoral artery is the main blood supply vessel of the lower extremity, and its damage is the most serious. The symptoms are more obvious than the branches and it is easy to diagnose. Rupture of the superficial femoral artery often causes bruising of the surrounding soft tissue and low skin temperature, so doctors find it easier to detect[4,5].
The deep femoral artery travels down the thigh close to the femur than the femoral artery, running between the pectineus and the adductor longus, and running on the posterior side of adductor longus. Because these muscles and tubular structures are surrounded, the deep femoral artery is not vulnerable. Due to these special anatomical structures, the rupture of femoral deep artery usually comes with non-specific clinical features like pain, hematoma, swelling, fever and anemia[6]. These non-specific clinical features might not alert doctors of ruptured arteries, often leading to delayed diagnosis. Although the incidence of deep femoral arteries and their branches is extremely low, there have been reports of such iatrogenic injuries by physicians[7], secondary to artery aneurysm[8,9], or bone spikes in hip fracture, especially in intertrochanteric fracture[10-12]. The rupture is rarely caused by direct blunt trauma[13]. However, no cases about femoral shaft fracture and causing injury to the deep femoral artery and its branches have been reported. 
Considering the anatomical position of the deep artery, and the lower position of the femoral shaft fracture compared to the hip fracture, the injury of the deep artery and its branches by femoral shaft fracture is very surprising. In previous reports, the superficial femoral artery rupture had little effect on the femoral artery, with peripheral pulsations being still detected, including the femoral, ankle, and dorsal femoral arteries[4]. Similarly, peripheral vascular pulses disappearance was never mentioned in the previous reports of rupture of the deep artery and its branches. It is difficult for doctors to initially consider arterial rupture, which can easily lead to missed diagnosis. The delayed diagnosis resulted in unsatisfying prognosis.
[bookmark: _Hlk12285409][bookmark: OLE_LINK24][bookmark: OLE_LINK23]Perforating arteries are branches of the deep artery, which are located deeper and are more difficult to injure. Perforating arteries are closed to femoral shaft anatomically. Recently, a three-dimensional reconstruction analysis based on CTA by Sun et al[14] showed that the mid-femoral level is the most dangerous level to damage the deep femoral artery and perforate the femoral artery. Thus surgeons should drill and screw insertion around the mid-shaft level for prevention of iatrogenic vascular injury. In addition, this study also revealed the possibility of vascular injury caused by femoral shaft fractures. Despite the low incidence in perforating artery rupture, as the direct supply for femur, the outcome of the rupture would be severe. And it is this artery that is damaged in this case. On the one hand, continuous bleeding can cause symptoms such as shock. On the other hand, bleeding can cause in situ massive hemorrhage[5] and pseudo-aneurysm formation[15]. Compression can have side effects. In addition, nonunion fractures are found due to insufficient blood supply[16].
[bookmark: _Hlk12212755]About 1%-2% patients with femur fracture have compartment syndrome[3]. Despite the low incidence, about 44% of patients with acute compartment syndrome of the thigh suffer from persistent long-term functional deficits[17], and the mortality rate is as high as 47%[18]. Nervous system defects, infections, claudication, deep venous thrombosis, renal failure, and muscle necrosis are common complications of this rare disease. Among the complications, rhabdomyolysis and compartment syndrome complement each other[19]. Treatments for rhabdomyolysis focus on treating the cause, preventing renal failure, and managing life- or limb-threatening complications[20,21], while the potential mechanisms of compartment syndrome are vascular injuries[22-24]. The symptom is caused by the oppression of hematoma. Fasciotomy is a safe, effective, and economical treatment for fascial compartment syndrome. Although the choice of incision for fasciotomy is still controversial, the core principle of treatment is that all muscle chambers of the affected limb must be released[25]. For the etiological factor, since first described by Owers et al[26], transcatheter treatment has become the routine method for deep vascular injuries[22]. Early diagnosis and treatment of vascular involvement contribute to better functional outcomes[24]. Management of traumatic artery injury with direct artery repair greatly reduces the incidence of amputations. Considering the complex situation of the patient, in this case, we strictly followed the AO trauma management principles[27]. First, we performed fasciotomy for the compartment syndrome. Due to extensive soft tissue injury (extremely high CK and persistent swelling), we performed a secondary fracture reduction and fixation 20 d after fasciotomy. Although missed diagnosis affects the prognosis, timely treatment saves the patient from amputation. In the 3rd year after the operation, the patient was finally able to walk.
[bookmark: OLE_LINK5]To treat femoral shaft fractures, there are three types of clinical surgical treatment: external fixation, titanium plate, and intramedullary nail. External fixation is not used as a conventional treatment for femoral shaft fractures, and it is generally used for multiple compound injuries of femoral shaft, as well as open infectious fractures[28]. Such injuries usually require timely and stable fixation. In this case, we performed external fixation for the patient to temporarily fix the femoral shaft fracture. After the condition was stable, we planned to replace the intramedullary nail. However, he was diagnosed with esophageal cancer after the external fixation surgery. The patient was immediately transferred to thoracic surgery department for operation. Unfortunately, postoperative esophageal fistulas occurred and we failed to replace the external fixation with intramedullary nails in a timely manner. Therefore, we finally decided to keep the external fixation. 
First, we obtained satisfactory results in the X-ray examination after a 3-mo follow-up, that the poroma has formed instead of the disappearing fracture line, indicating that the fracture has been healing. Second, patients with long-term esophageal fistula could not tolerate further surgery. Third, patients were urged to receive chemotherapy and radiotherapy as soon as possible. Last but not the least, the right lower limb has lost most of its function due to the nerve damage. The right lower limb can only support his body. To summarize, we decided to retain the external fixation and follow-up regularly to ensure that the position of the external fixation does not shift. In the treatment of femoral shaft fractures, intramedullary nails are still the first choice for treatment, but external fixation still has its advantages. Compared with plate fixation, external fixation has less surgical trauma[29], especially less dissection of soft tissues such as muscle and vessels. Because of its unique advantages, intramedullary nails are the first choice. The central fixation of the intramedullary nail, with a high healing rate and a low infection rate, is better than the eccentric fixation of the plate. It contributes to increasing load on the poroma, bone healing and bone plasticity[30]. In this case, although the external fixation was not changed to intramedullary nail due to the incorrect timing, the fracture healing effect was good. A 3-year follow-up showed that in the long term, external fixation can heal fractures. The patient finally backs to walk. Considering the low muscle strength of the diseased limb, the healing condition of the fracture could meet the demand of the patient. Generally speaking, in the special cases, external fixation could be a surgical procedure choice for long-term fracture fixation. 
[bookmark: OLE_LINK3]The rupture of the deep femoral artery and its branches does not affect the peripheral circulation and is mainly manifested as non-specific symptoms. These characters might prevent physicians from thinking about the rupture of the blood vessels, leading to missed diagnosis. Missed diagnosis of the disease will cause severe complications. Peripheral circulation would be inaccurate in deep vascular injury. In the case of blunt trauma to the thigh, a decrease in blood pressure or sensory motor dysfunction should be noticed by the surgeon.

CONCLUSION
From the current case, we present some important guidelines based on our experiences. (1) Even for closed femoral shaft fractures, blood pressure and other vital signs of patients should always be closely monitored. (2) A thorough understanding of the femoral arterial route should be established for surgeons. If the direction of the femoral artery is lateral, attention should be paid to the rupture of the lateral femoral artery. While if the bone pike is medial oriented, rupture of the femoral artery and the deep artery is highly possible. If the barracuda is forward-looking, attention should be paid to the rupture of the deep arterial branch. (3) Injury of the prefemoral artery should be highly suspected when the injured side of the thigh is swollen, painful, anemic and with unstable vital signs. (4) Peripheral blood circulation signs cannot be used to diagnose the rupture of the prefemoral artery and its branches. CTA is the gold standard of diagnosis. (5) Once the rupture of the artery is found, surgical treatment should be conducted as soon as possible. Decompression should be done as soon as possible to avoid complications such as compartment syndrome and rhabdomyolysis. 
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Figure Legends
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Figure 1 Imaging examinations. A: Anteroposterior images of right femoral when the patient was delivered to the hospital; B: Computed tomography angiography showed accumulation of the contrast agents at the branch of femoral deep artery, indicating the rupture of the artery; C: A coil was used to embolize the ruptured artery.
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Figure 2 Creatine kinase change in the patient.
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Figure 3 Preoperative magnetic resonance imaging (short TI inversion recovery) of lower limbs showed that the middle part of the right femoral shaft was discontinuous, the stump was dislocated, and the surrounding muscles were swollen.
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Figure 4 External fixation for 1 yr and 3 yr of follow-up showed improvement of the patient’s overall conditions and muscle strength. A-C: Images of right femoral 1 d postoperatively; D: 1-yr follow-up at the local hospital showed that the fracture line had been blurred with mass formation of callus at the fracture site; E and F: 3-yr follow-up radiography revealed union of the fracture.
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