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femoral fracture: a systematic review of the literature and case
presentation

Jun Seok Kim', Song Am Lee', Hyun Keun Chee', Jae Joon Hwang', Hye Young Kim’, Jin Yong Kim’,
Seung Myung Choi*, Yo Han Kim’, Woo Surng Lee’

'Department of Thoracic and Cardiovascular Surgery, School of Medicine, Konkuk University, Konkuk University Seoul Hospital, Seoul, Republic
of Korea; *Department of Anesthesia and Pain Medicine, ‘Department of Emergency Medicine, ‘Department of Orthopedic Surgery, "Department
of Thoracic and Cardiovascular Surgery, School of Medicine, Konkuk University, Konkuk University Chungju Hospital, Chungju-si, Chungbuk,
Republic of Korea

Contributions: (I) Conception and design: All authors; (II) Administrative support: JS Kim, WS Lee; (II) Provision of study materials or patients: JS
Kim, HY Kim, WS Lee; (IV) Collection and assembly of data: JS Kim, WS Lee, SA Lee; (V) Data analysis and interpretation: JS Kim, HY Kim, WS
Lee, SA Lee, JY Kim, SM Choi, YH Kim, HK Chee; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
Correspondence to: Woo Surng Lee, MD, PhD. Professor, Department of Thoracic and Cardiovascular Surgery, School of Medicine, Konkuk
University, Konkuk University Chungju Hospital, 82, Gugwon-daero, Chungju-si, Chungbuk, Republic of Korea. Email: timesgoby@naver.com.

Background: Proximal femoral fracture (PFF), such as intertrochanteric femoral fracture or femur
neck fracture, and its management are crucial issues to surgeons. PFF has been dramatically is becoming
exponentially prevalent, and it is at high risk of complication and mortality because it is frequently associated
with serious trauma and advanced age, especially in patients treated with anticoagulants or antiplatelet agents.
Surgical management is essential for the treatment of PFE. Unfortunately, current surgical procedures have
been related to accompanied by vascular complications, including laceration, hemorrhage, thrombosis,
embolism, intimal flap tear and pseudoaneurysm. Furthermore, these vascular injuries following surgical
management of PFF are potentially limb- and life-threatening. Of the complications after operation of
PFFE, femoral arteriovenous fistula (AVF) is rare, but remains a challenging problem because it is frequently
associated with significantly high mortality and morbidity and is very difficult to treat.

Methods: A systematic literature review was conducted using the PRISMA guidelines with no language
restriction. We searched scientific publications via PubMed, Embase, Cochrane central register of
controlled trial, Google Scholar, the KoreaMed and the Research Information Sharing Service database.
The goal of this study was to report on the incidence, clinical presentation, diagnosis, treatment, associated
complications, morbidity and mortality of femoral AVF caused by PFF and to draw special attention to its
prevention and management.

Results: A total of 7 case reports on femoral AVF associated with operation of PFF were identified, and
one our case was added to the systematic analysis. Of the 8 cases, 4 were male and 4 were female under the
age of 67.87+18.44; 6 (75.0%) survived without any events, 1 (12.5%) survived with a sequela of peroneal
nerve impairment, and 1 (12.5%) died of multi-organ failure and hypovolemia.

Conclusions: The incidence of femoral AVF associated with PFF is extremely low, though it appears
to increase with the rising frequency of PFE. With a very few exceptions, complications following internal
fixation are potentially limb- and life-threatening. There is still no definite consensus on the standardized
diagnostic or therapeutic modalities. Therefore, surgeons should keep in mind that this serious complication
requires early diagnosis and prompt treatment, which should not be underestimated. Femoral AVF following
operation of PFF should be meticulously managed, because untreated fistulae result in serious unexpected
complications including renin-mediated hypertension, high-output heart failure and venous and/or arterial
insufficiency. Surgical treatment is still the gold standard for such cases, but in limited cases endovascular

procedures using embolization and closure device can be a good treatment option.
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Introduction

Proximal femoral fracture (PFF), including femoral neck,
intertrochanteric or subtrochanteric fracture, is significantly
associated with advanced age and osteoporosis. This disease
entity has been prevalent due to the expansion of elderly
populations and is expected to dramatically rise during the next
decade. PFF has exponentially increased and it is at high risk of
complication and mortality because it is frequently associated
with serious trauma, unexpected complications, significant
delayed sequelae, poor general condition at advanced ages and
underlying disease. Therefore, the number of patients with
PFF requiring hip surgical procedures has been increasing,
and hip surgery procedures, including open reduction, internal
fixation, retraction, instrumentation or exothermic reaction,
are mandatory in most cases. The incidence of iatrogenic
arterial trauma associated with orthopedic surgery has been
rising in recent years. Orthopedic surgery has been related to
various postoperative complications, one of which is vascular
injury, such as laceration, hemorrhage, thrombosis, embolism,
intimal flap tear or pseudoaneurysm. Femoral vessel injury is
extremely rare in PFF cases, with an incidence of <0.21% (1-3).
Unfortunately, vascular injury as a complication is frequently
overlooked, and it is potentially limb- and life-threatening
due to delayed diagnosis and treatment. Of the complications
associated with operation of PFE, femoral arteriovenous fistula
(AVF) is rare, but remains a challenging problem because it
frequently has high mortality and morbidity and it is very
difficult to treat (4,5). This report describes a case of femoral
AVF in a patient undergoing internal fixation of FPP and
discusses its clinical presentation, diagnosis and treatment with
a detailed systematic review.

Methods
Literature review

This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (6).
Data were collected according to a standardized protocol;
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the objectives and exclusion/inclusion criteria were
specified in detail. We systematically scrutinized the
issues related using the following databases: the PubMed,
Embase, Cochrane Library (Cochrane Central Register
of Controlled Trial), Google Scholar, Springer, Science
Direct, KoreaMed, OvidSP, Dialnet, J-Stage, and
Scielo and the Research Information Sharing Service
database. Scientific publications were searched for the
following keywords: “Femoral Fractures”[Mesh] OR “Hip
Fractures”[TW] OR “Hip Fractures”[TW] OR “Femoral
Neck Fractures”[TW] AND/OR “Inter-Trochanteric
Femoral Fractures”[TIAB] AND/OR “Sub-Trochanteric
Femoral Fractures”[ TTIAB] AND/OR “Fracture
Fixation”[TTAB] AND/OR “Fracture Fixation”[ TTIAB]
AND/OR “Orthopedic Surgery”[TIAB] AND/OR
“Vascular Complications in Orthopedic Surgery”[TIAB]
AND/OR “Hip Injuries”[TIAB] AND/OR “Vascular
Postoperative Complication”[ TIAB] OR “Arteriovenous
Fistula (AVF)”[Mesh] OR “Vascular Injury”[TW] OR
“Vascular System Injuries”[TW] OR “Femoral Vessel
Injury”[TW] OR “Vascular Fistula”[TW] OR “Femoral
Artery Lesion”[TIAB] OR “Laceration”[ TIAB] AND/OR
“Hemorrhage”[TIAB] AND/OR “Thrombosis”[ TIAB]
AND/OR “Intimal Flap Tear”[TIAB] AND/OR
“Pseudoaneurysm”[TIAB]. Two investigators (Woo
Surng Lee and Jun Seok Kim) independently evaluated
the eligibility of relevant abstracts and full articles, and
all pertinent references of the articles written in any kind
of language were also reviewed. No date restriction was
applied to the journal evaluation. In cases of disagreement
between the 2 investigators, further discussions were
made with a third investigator (Song Am Lee). The initial
data was evaluated on February 01, 2019 and a final
journal search was performed on November 30, 2019.
Only 7 case reports were found, without any randomized
control clinical trials or comparative studies (7). The
information on the history of hip operation, time to
presentation, surgical treatment, location of injured vessels
and mechanism of injury was analyzed. The exclusion
criteria were as follows: (I) vascular lesion caused by other
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type of femur fracture, such as femur shaft fracture or
distal femur fracture; (II) gunshot wound to the femur;
(III) relatively common type of surgical complications,
such as false aneurysm, hemorrhage, ischemia, ischemia
plus hemorrhage, thromboembolic lesion, thrombosis,
embolism, laceration, intimal flap tear or pseudoaneurysm;
(IV) underlying vascular lesions, such as abdominal
aortic aneurysm or pseudoaneurysm; (V) unusual medical
conditions, such as carcinoma, malignancy or metastatic
lesion; and (VI) venous complications by pelvic varix or
rupture. This study was approved by the Institutional
Ethics Committee/Review Board of Konkuk University
Chungju Hospital, which waived informed consent due to
its retrospective nature of study (IRB approval No. KUCH
2019-10-032).

Statistical analysis

We obtained 7 case reports and 1 review article. The 7
cases were analyzed using descriptive statistics. As all the
of the collected data were forms of case report and case
series, except 1 meta-analysis. For these reasons, universal
statistical analysis was not possible, only descriptive statistic
evaluations were presented in this study.

Presentation case

A 75-year-old man presented to the Emergency
Department after a motorcycle traffic accident struck
by a 25-ton dump truck. He had no remarkable history
of specific disease or operation except for hypertension
successfully treated with calcium-channel blockers at a
regional hospital for 25 years. He was a farmer his whole
life. At the time of the traffic accident, he was wearing
a crash helmet. At presentation, he showed a loss of
consciousness, and his Glasgow coma scale (GCS) score was
12 points: eye response, 3; verbal response, 4; and motor
response, 5. His blood pressure was 110/75 mmHg, pulse
rate was 98 beats/min, respiratory rate was 22/min, body
temperature was 36.8 °C, and oxygen saturation measured
using a pulse oximeter was 96%. Physical examination
revealed a deep bruise in his face, mild nasal bleeding,
severe pain and a deformity in the left hip area, with no
tenderness or rebound tenderness in the chest, abdomen or
pelvis. Extended focused assessment with sonography for
trauma (FAST) was performed in the thorax and abdomen,
which revealed neither intra-abdominal fluid collections nor
thorax lesions. Motor disturbance was observed in the left
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lower extremity, but distal upper and lower limb pulses and
sensations were normal. After the initial resuscitation and
management, his blood pressure became 125/85 mmHg,
pulse rate became 80 beats/min, respiratory rate became
20/min, body temperature became 36.8 °C, and oxygen
saturation measured using a pulse oximeter became
98%. Laboratory tests revealed WBC, 10,200/uLl. and
hemoglobin, 14.5 g/dL. Chest plain radiographs as well as
brain, chest, abdomen and pelvis computed tomography
(CT) scans with intravenous contrast media revealed the
following findings: compound comminuted depressed
skull fracture (FCCD) in the right frontal-temporal area,
right frontal sinus fracture, traumatic subdural hematoma
(SDH)/intracranial hemorrhage (ICH) in the right frontal-
temporal area, basal skull fracture, and left femoral
intertrochanteric fracture. An emergency operation-ICH
and SDH removal, frontal sinus repair and canalization,
and repair of FCCD-was performed by the neurosurgeons.
After surgical treatment, his mental state became alert,
and he was closely managed in the intensive care unit
(ICU) for 4 days. On the fifth day in the ICU, follow-up
laboratory tests and brain CT scans confirmed complete
improvements in the clinical condition. He was transferred
to the general ward, resumed a normal diet, and showed
improvement in daily life activities. On the 17th hospital
day, he underwent closed reduction and internal fixation
with proximal femur intramedullary nailing for the
left femur intertrochanteric fracture by the orthopedic
surgeons under general anesthesia, and his clinical course
progressed uneventfully after operation.

On the 7th postoperative day, a gradually increasing
swelling developed in the left lower extremity, but it was
neglected. Two days later, the swelling worsened, and a left
leg pain developed. Physical examination showed left lower
extremity swelling, slight elevation in skin temperature,
venous dilatation in the left leg, increased diameter of
the left lower extremity, and a palpable thrill on the left
femoral region. Duplex Doppler examination revealed
femoral arterial flow into femoral venous structures through
arterial venous fistulas. Contrast enhanced CT angiography
exhibited (I) a suspicious fistula between the right common,
superficial or deep femoral artery and its accompanying
vein, (IT) enhanced femoral vein, iliac vein and inferior vena
cava at the arterial CT phase, and (III) dilated right femoral
and iliac veins (Figures 1-3). Transthoracic echocardiography
(TTE) demonstrated preserved ejection fraction and
significant bi-atrial enlargement. A cardiologist attempted
external compression and endovascular repair of AVE, but
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Figure 1 Preoperative transverse enhanced angiographic CT scans show abnormally enhanced veins at the arterial phase, resulting from a
left-sided femoral arteriovenous fistula associated with proximal femoral fracture. White arrows, arrow heads and wedges indicate enhanced

left femoral veins (A,B), inferior vena cava (C) and renal vein (D) at the arterial phase. Note the enhanced left gluteal veins (B).

Figure 2 Preoperative angiography shows an abnormally enhanced vein at the arterial phase, resulting from the left femoral arteriovenous
fistula associated with proximal femoral fracture. White arrows indicate the common femoral artery, and black arrows indicate the

abnormally enhanced common femoral vein.

failed because the fistula tract was markedly ambiguous and Department of Thoracic and Cardiovascular Surgery for
the origin of the fistula tract was covered with the common, surgical management. The surgical approach was performed
deep or superficial femoral artery. He was referred to the through a 4.0-cm longitudinal skin incision in the left
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Figure 3 Angiographic 3D-reconstruction CT scans show enhanced veins at the arterial phase, resulting from a left femoral arteriovenous

fistula associated with proximal femoral fracture (A,C, preoperative view) and a normalized vein at the arterial phase, after surgical correction

of the left-sided femoral arteriovenous fistula (B,D, postoperative view).

inguinal area under general anesthesia. The intraoperative
Nicoladoni-Branham sign was positive. The heart rate
decreased from 80 to 55 beats/min after compression of
the proximal common femoral artery, and returned to
80-90 approximately beats/min by compression release (8).
The common, deep and superficial femoral arteries were
separately dissected to detect the AVE. The AVF originated
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from the medial-inferior wall of each of the common,
deep and superficial femoral arteries, which may have been
attributed to iatrogenic, repetitive and multiple injuries to
the femoral arteries and veins during surgery. It was fragile
and had a thin sheet of soft tissue rather than vascular
structure. It was ligated and resected, and then angioplasty
was successfully performed. The patient recovered and was
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Figure 4 Postoperative transverse enhanced angiographic CT scans show normalized veins at the arterial phase, after successful surgical

correction of the left femoral arteriovenous fistula. Compared to preoperative findings, the enhanced veins were normalized.

transferred to the Department of Rehabilitation Medicine.
He was uneventfully discharged from the hospital (Figure 4).

Results

Forty-nine published studies were carefully analyzed,
of which 30 were excluded and the remaining 19 were
subjected to our analysis. Of these, only 7 met our
inclusion criteria. Thus, eight studies, including seven
previously published reports and one our case, were
included in our qualitative assessment and systematic
review (Figure 5). Clinical characteristics of the cases
reported are summarized in Table 1. For the 8 enrolled
patients, mean age was 67.87+£18.44 years, and the
male/female ratio was 1:1. Time to presentation was
743.55+946.94 days after operation. The main symptoms
were groin lump, pulsatile mass, and thigh swelling (n=78),
and there was a palpable thrill in 2 cases. Of the 8 patients,
6 (75.0%) uneventfully underwent surgical treatments,
including direct suture of injured vessels, angioplasty,
patch angioplasty, embolization, branch ligation and coil
embolization; 1 (12.5%) was treated conservatively and
died of multi-organ failure and hypovolemia; 1 (12.5%)
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underwent angioplasty complicated by peroneal nerve
impairment. in three cases. There was no description on
the cause of vessel injury in 3 cases. There were 10 cases
of fistula between the deep femoral artery and the deep
femoral vein (n=5), between the common femoral artery
and the femoral vein (n=3), between the superficial femoral
artery and the common femoral vein (n=1), and between
the popliteal artery and the popliteal vein (n=1). The main
causes of vessel injury were thought to be lesser trochanteric
fracture fragment, retractor/drill bit and direct drilling;
however, both of the exact mechanism and the cause of
vessel injury were not available in the reports on three cases.

Discussion

Injuries to femoral vessels in PFE, including femoral neck
and intertrochanteric, pertrochanteric and subtrochanteric
fractures, are relatively rare, but critically fatal. PFF
becoming exponentially prevalent, and it is at high risk
of complication, morbidity and mortality. because it is
frequently associated with serious traumas, advanced
ages, poor underlying medical conditions, such as long-
standing cancer, immunosuppressive condition, and
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Figure 5 Flow diagram of the study selection process.

anticoagulant/antiplatelet treatment. There have been
several case reports on vascular injuries to the external or
internal iliac artery and the common, superficial or deep
femoral artery following operation of fracture. In 1970,
Miiller (16) first pointed out the risk of vascular injury
associated with hip surgery and recognized the importance
of careful dissection of vascular structures during operation.
Internal fixation and open reduction is an essential surgical
treatment option. Unfortunately, some of the surgical
procedures are related to vascular complications, especially
in the deep, superficial or common femoral artery and its
accompanying vein. Most of these vascular complications
mainly involve the deep femoral artery, less often the
superficial femoral artery, and rarely the common femoral
artery. Mechanisms for femoral vessel injury have been
proposed as follows: (I) a sharp and pointed bone fragment,
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especially from the lesser trochanter, causes a pressure/
stress injury to femoral vessels; (II) protruding cortical
screws of the extramedullary implant cause a tip injury to
femoral vessels during surgical manipulation; (III) direct
injury by a mismatched distal locking screw, e.g., a Gamma
intramedullary nail (Stryker, Portage, MI, USA), causes
damage to the femoral vessels; (IV) inadvertent drilling or
incorrect elevator placement induces vessel injuries; and
(V) exothermic polymerization reactions to extruded bone
cements, such as methyl methacrylate, occur. An excessive
and repetitive pressure by a sharp bone fragment or a
continuous contact with protruding tips of screws results
in progressive erosion of femoral vessels and consequently
develops vascular complications, such as vessel laceration,
hemorrhage, thrombosis, embolism, intimal flap tear, false
aneurysm, pseudoaneurysm and AVF. Vascular injuries

Ann Transl Med 2020;8(6):291 | http://dx.doi.org/10.21037/atm.2020.03.08



Kim et al. Femoral AVF by surgery of PFF

Page 8 of 11

"PalyiIUSPI-UOU ‘|N ‘UOIIEXI} [BUJSIUI PUB UOI}ONpal uado Y|-4O ‘8inioel) OLSIUBYO0IUSIUL 4] | ‘ainjoel) Jnway [ewixold H4d ‘8inioel) ouaueyooigns 41S
‘wsAInaue ‘NV ‘UIBA DBIjI UOWIWOD ‘A|D ‘UIBA DBl [eutaIxd ‘|7 ‘Aiaue oeljl [eulalxe ‘|3 ‘uien [eayjdod ‘Ad ‘Asepe |ealjdod ‘Wd (ulan [edows) desp A4Q {UISA [BIOWS} UOWWOD
‘A4D ‘uleA [eJowd} A4 ‘Alale [eiowsy ‘4 ‘Alspe Oeljl [euseIxe ‘|3 ‘AJeue |elows) uowwod ‘49 ‘Alepe |elowsy desp ‘y4Q ‘Adepe |elowsy [eloipadns ‘v4S ‘Aydesbowol
paindwod ‘19 ‘Aydeibolbue ‘HNY ‘18luByD0I} J8ssa| ‘D17 ‘BINISl} SNOUSAOUBUE YAV ‘Quawbels-ijinw Y\ ‘einjoely ousjueyoosuad ] d ‘einjoel) ‘X4 ‘ejewsy} 4 erew ‘|N

[nfuaABUN uonebi| youeiq 10 'ONV Y3 Ad-v4a

8 PRAIMNG ‘fiseidoibuy  Uejddog  ‘ulosb Buliems 12 ¢buua 4NV V40 41-40 Xl W GL 6L0g esed.no
Bo NID [EISIP JO uolele|ip d4d uo
Aisejdoibue ONV  H9| jo Buljems ‘AlID Buimosreu pauoiuaWw
|njjusAsun Q m:_ycwym uonoeagns SAIssew Am‘_mw\» wv _<_m_ JO uoIsSn|oo0 ND .<_m_ mc___wc 10U ,w\_sﬂom‘c Am 5 ‘e je
® POAIMNG  ‘UONEZIOGWIS 10D [enbig anissaifbold 0262 ¢Bunug VI3 4O NV 4V AI3-vI3  Aenpswesu) inwe4 N OF 6002 Aysoy|
[ UEVETN] sayoueiq (CANRE]
® PSAIMNG  UOREZIOqWD 10D ONY elwauy 09 IN 4AV  ‘Ada-v4a aed jreN d4d N 29 9002 Uiy
DNV Hq |up
|njijusAaun co_amm__ youeuq uonoesigns J0 Jojoelial youeiq mc___m: Aw _‘v ‘e je
® PAAIMING Jredal y4Q eHbia  ubiyy usjioms 06  snoildsng 4AV  ‘Ada-v4a  Buipif ‘meiog 41S 4 6. 666l  Jeuuep
[AUEVEETN! elwaue ‘uled juswbely youeuq (21) e
® POAIMNG uolezijoquiy DNV ‘ublyy usjioms €e o]y 4V ‘Ada-v4a ey ewwen dNOd4ld 4 S8 G666 aseey
juswuredwi
dAIBU
[eauoIad yym (L) re1e
POAIMNG fseidoiBuy DNV  ‘Ssew ajies|nd 4! IN T\ Nd-Vd BuireN 41S W S¢ 8/6L HOM
v4 jo Aiseidoibue
[njaUSABUN yored 3 Ad jO uloib ya| ayy Ul AdQ-VI3  usweoeldes diy ayy jo (1) re1e
® POAINING aimns j02.11Q DNV Jown} Bunesind 08l IN T\ ‘v40 diy [ejo] snuypeoLlsO 4 92 9/61 uaing
114y} ‘epes|nd juswbely
POAIAINS JON SABAISSUOD IN ‘dwny uioin 0e oI 4AV  Ad4DO-V4S  [edlbins-uoN dNOd4ld 4 98 /¥6L (B) wennd
A
Ayepow subis (shep) Ainluy jo [EESEN juswiyealy
2wooIN0 juswieal| uolejussaid uoise adA1 x4 x8S by Jesp Joyiny
o_ﬂmocmm_ﬁ_ Q mEouaE\»w o1 swiL wisiueyos|n PBA|OAU| leniul

A1981MSs 193J® SOLIN(UT JR[NISEA PUE 2INIOLI] [EIOUID] [euIX0Id (IIM PIIRIOOSSE BJMIST SNOUSAOLISLIE [BIOUID) JO MAIADT DNRUINSAS | I[qE],

Ann Transl Med 2020;8(6):291 | http://dx.doi.org/10.21037/atm.2020.03.08

© Annals of Translational Medicine. All rights reserved.



Annals of Translational Medicine, Vol 8, No 6 March 2020

occurring during PFF surgery are potentially limb- and
life-threatening. Some of the vascular problems associated
with PFF can be clinically apparent several weeks or
years after operation. The typical clinical features of
vascular complications are an increased lower extremity
swelling/pain, rapid swelling of the thigh with pulsation,
more worsening pain, elevated skin temperature, venous
dilatation in the lower extremity, increased diameter of
the left lower extremity, and thrills/ bruits in the femoral
region. In patients undergoing cardiac catheterization, most
of the complications are presented as a gradually developing
false pseudoaneurysm with swelling and pain; however, the
incidence of femoral AVF is reported to be between 0 to
0.08% (17,18). Duplex Doppler ultrasonography, contrast
enhanced computed tomography angiography, conventional
angiography and magnetic resonance imaging are helpful
in accurate diagnosis, evaluation and localization of injured
vessels. Additionally, TTE is also helpful in evaluating
significant ejection fraction and bi-atrial enlargement.
Surgeons should rule out deep venous thrombosis, May-
Thurner’s syndrome, primary/metastatic cancer, and
soft tissue sarcoma. The successful treatment of femoral
vascular complication mainly involving the deep femoral
artery primarily depends on the status of the superficial
femoral artery. In the case of an intact superficial femoral
artery, trans-catheterization embolization or ligation of the
deep femoral artery might be the best treatment option.
In the case of an obstructed superficial femoral artery,
the superficial or deep femoral artery should be surgically
reconstructed, and direct injury to the superficial femoral
artery should be repaired. Post-traumatic AVF should be
obliterated as soon as possible, because untreated AVF
frequently results in serious complications, including
renin-angiotensin-aldosterone-mediated hypertension,
high-output cardiac failure, and venous or arterial
insufficiency. There are 2 treatment options for post-
traumatic AVF: invasive surgical approaches, such as direct
ligation and reconstruction of injured vessels and less
invasive endovascular approaches, such as direct or trans-
femoral embolization with coils, closure with transluminal
temporary occlusion of the pseudoaneurysm neck or balloon
embolization, and direct thrombin injection. Surgical
treatment is the gold standard for post-traumatic AVE, and
endovascular procedures can be performed in limited cases.
Aust ez al. (19) reported 5 cases of vascular complications
following hip surgery, which can be explained by
intraoperative injury. Buchholz et 4l (20) report 2 cases
of iliac pseudoaneurysm in 659 patients with infected
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arthroplasties. Bergqvist ez #/. (21) reported 4 cases of
vascular complications after total hip replacement with the
literature review of 25 cases of AVE, of which only 2 were
associated with surgery of hip fractures, and which were same
cases reported by Suren ez al. and Tkaczuk. Suren et al. (10)
also reported 2 patients with pelvic vessel complications
after total hip replacement. One had a false aneurysm of the
deep femoral artery; the other presented an AVF between
the common femoral artery and its accompanying vein, in
which scar tissue surrounding the AVF was severed, the
femoral vein defect was managed by direct sutures, and the
arterial lesion was repaired by patch angioplasty. Tkaczuk (22)
reported a case of false aneurysm developing from the
external iliac artery 8 months after total hip replacement in
a 57-year-old woman. The arterial injury presenting as a
false aneurysm developed by laceration of the external iliac
artery and gradual erosion of a cement spicule which had
entered the pelvis and pierced the external iliac artery. This
case was not a true AVE but a false aneurysm of the external
iliac artery; therefore, the case of Tkaczuk was excluded
from this review. There have been a few meta-analyses
of iatrogenic arterial injuries associated with hip surgery.
Shoenfeld er al. (23) reviewed 5 cases of vascular injuries
after total hip replacement and additional 63 cases from the
literature review to identify risk factors and clinical features.
In the 68 patients, the left side was more common (66%),
the external iliac artery (36%) was frequently involved, and
common clinical findings were distal ischemia (n=31, 46%),
vessel laceration (n=18, 26%) and pseudoaneurysm (n=17,
25%). AVF (n=2, 3%) less frequently developed than other
vascular complications, which was consistent with the results
reported by Bergqvist ez /. (21). In 1991, Lazarides et al. (1)
systematically reviewed a total of 69 articles and collected
126 cases of arterial trauma associated with hip joint surgery.
In the 93 (74%) of these cases arterial trauma occurred after
total/subtotal hip replacement, 27 (21%) were related to hip
fracture correction, and 6 cases (5%) complicated other hip
surgical procedures. They also presented a detailed systematic
overview of the literature along with their experiences in
arterial injuries associated with hip replacement (group 1) and
hip fracture correction (group 2), regarding locations, clinical
features at presentation and mechanisms of injury. They
summarized the differences in clinical characteristics between
groups 1 and 2, which were summarized as follows: locations
[external iliac artery (50%) and common femoral artery (26%)
vs. deep femoral artery (77%) and external iliac artery (7%)],
clinical features at presentation [ischemia (51%) and false
aneurysm (30%) vs. false aneurysm (74%) and hemorrhage
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(22%)], and mechanisms of injury [cement spicule (31%),
retractor injury (28%) and thermal injury (10%) vs. screw
injury (48%), bone spike injury (20%) and drilling (16%)].
Of the 126 cases of iatrogenic arterial injuries associated
with hip fracture, only 3 AVF cases occurred in group 1 and
no AVF case in group 2. One was not a true AVE, but an
abdominal-to-right hip joint fistula following repair of a large
false aneurysm of the right external iliac artery in a 76-year-
old woman. The pseudoaneurysm appeared as a complication
6 years after bilateral hip arthroplasty of PFF and the pseudo
arteriovenous fistula from the abdomen to the right hip joint
appeared as a complication of retroperitoneal abscess (24).
Another was reported by Suren ez 4l. (10), which was a true
AVF associated with PFF and vascular injuries. The third was
reported by Tkaczuk (22), which showed a false aneurysm of
the external iliac artery and was excluded from this review.
Barquet ez al. (7) performed a systematic review on vascular
injuries associated with internal fixation of PFF in adults,
regarding incidence, etiology and outcome. They employed
the PRISMA guidelines with no language restriction. They
included a total of 160 articles with 182 cases of vascular
injuries after internal fixation of PFF in the review. The
injuries to extrapelvic vessels (the common, deep or superficial
femoral artery and its accompanying vein) prevailed over
those in intrapelvic vessels (the internal, external or common
iliac artery and its accompanying vein. The types of injury
were summarized as follows: compression, intimal flap
tear, disruption of the intimal layer, thrombosis, laceration
with hemorrhage, or progressive vessel erosion leading
to a pseudoaneurysm or AV'T. They found only 6 cases of
arteriovenous aneurysm occurring in extrapelvic vessels
(Table 1). They also showed that clinical and radiological
findings in vascular injuries presenting during internal
fixation of PFF were similar to those of previously published
reports and that vascular injuries occurred either at the time
of fracture and during or after internal fixation, early or late,
weeks, months or even years after internal fixation. They
concluded that the diagnostic and therapeutic modalities
were noticeably diverse that the incidence of morbidity/
mortality was 18.06%), and that the overall incidence of
vascular injuries following internal fixation of PFF was 0.49%.

Enhanced angiographic CT is essential for the evaluation
of femoral AVF associated with PFF, which identifies
homogeneous and high-density contrast-enhanced pathways
and veins at the arterial phase. In patients with unexpected
events, urgent angiography is essential for making an
accurate diagnosis of fistula after lumber artery injury and
for performing transcatheter arterial embolization. In a
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previous report, several mechanisms have been proposed
for femoral AVF associated with PFF; however, the exact
mechanism for this life/limb-threatening disease has not
been fully elucidated. The morbidity and mortality can be
lowered by early detection and proper treatment options,
including transcatheter arterial embolization and surgical
angioplasty. There is no consensus as to what is the best
diagnostic or therapeutic modality. Surgeons must keep in
mind that AVF requires early detection and quick treatment.
The following factors cannot be underemphasized to prevent
this complication: accurate diagnosis of the preoperative
vascular status of the limb, detection of vascular insufficiency
or ischemia, monitoring of the displacement of fracture
fragments, careful and gentle reduction of the fracture
fragments, careful placement of retractors, precise instrument
handling, correct implant selection, and avoidance of trauma
to the inner cortex of the acetabulum.

Conclusions

In conclusion, femoral AVF associated with operation of
PFF can occur as an unusual event. Early detection and
quick treatment not only prevent complications, such as
cardiac failure and vascular insufficiency, but also avoid
further surgical procedures.
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