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A B S T R A C T   

An atypical course of the vertebral artery can be medically relevant in displaced Hangman 
fractures, especially if the artery course runs within the fracture gap of the C2 isthmus. During 
surgical reduction, the artery can be occluded inside the fracture, potentially leading to ischemic 
conditions of the brain. The aim of this study was to report two cases according to the CARE (case 
reporting) guidelines, in which intraoperative color-coded duplex-ultrasound was performed to 
secure safe surgical reduction of hangman fractures in two patients with an atypical course of the 
vertebral artery. Two patients with displaced hangman fractures (Effendi-Levine type II) were 
diagnosed with an atypical course of the vertebral artery running inside the fracture gap. This 
endangered safe surgical management with the risk of iatrogenic occlusion or injury during 
reduction through entrapment of the vessel inside the fracture gap. Therefore, an intraoperative 
color-coded duplex-ultrasound of the vertebral artery was conducted before and after reduction of 
the fracture, as well as at the end of the surgery. The surgical treatment in both cases included 
posterior unilateral spondylodesis, followed by anterior cervical discectomy and fusion (ACDF). 
In both patients, a safe reduction of the fracture was performed. Neither occlusion nor dissection 
of the vertebral artery occurred. The duplex ultrasound before and after reduction, and at the end 
of the procedure showed normal blood flow and morphology of both vertebral arteries. At follow- 
up examinations, the patients showed a favorable clinical outcome, radiographic signs of fusion, 
and no irregularity of the vertebral arteries. This case report serves as proof-of-concept, 
demonstrating the feasibility of this regimen to minimize the risk of entrapment or occlusion 
of the vertebral artery in the surgical management of displaced Hangman fractures with atypical 
course of the vertebral artery running inside the fracture gap.   

Introduction 

An atypical course of the vertebral artery, occurring in 2.3 up to 25.3% [1,2], can be medically relevant in displaced Hangman 
fractures, especially if the artery course runs within the fracture gap of the isthmus of the second cervical vertebra (C2) [3]. During 
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Fig. 1. (a) Showing the linear array transducer positioned for cervical examination of the vertebral artery (V2 segment on the left side and V3 segment on the right side) and (b) the anatomical view of 
the course of the vertebral arteries. 
(Copyright Manual of Neurosonology. Cambridge Medicine. Apr 2016. ISBN 9781107659155). 
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surgical reduction of the fracture, it can cause early to late complications such as entrapment, dissection, rupture and occlusion of the 
artery, potentially leading to transient ischemic attacks or ischemic strokes [3,4]. Color-coded duplex ultrasound of the vertebral 
artery is a safe and noninvasive technique to investigate anatomical variations of vessel diameter, course, hemodynamics and 
morphology and is commonly used as a neurovascular diagnostic method [5]. Thus, an intraoperative color-coded duplex ultrasound 
before and after reduction and directly postoperatively can contribute to a safe surgical management. We report two cases in which 
intraoperative vascular ultrasound was successfully used to provide safe reduction of displaced hangman fractures with the vertebral 
artery running close to the fracture line. These cases highlight the benefit that this regimen may have on the surgical management of 
hangman fractures in patients with an atypical course of the vertebral artery. 

Case report 

Vascular ultrasound of the vertebral arteries 

Color-coded duplex ultrasound was performed with a standard ultrasound unit (Toshiba Aplio 500, Toshiba Medical Systems, 
Neuss, Germany). A linear array transducer (9 MHz) was placed in the cervical region in vertical and paramedian position for ex-
amination of the vertebral arteries in the V0 to V2 segments. The probe was moved cranially along the course of the arteries up to the 
angle of the jaw, where it was rotated to a transverse position to insonate the vertical as well as the horizontal part of the V3 segments 
(Fig. 1). The arteries were examined in B-mode and by color and pulsed Doppler signal. Peak systolic and diastolic velocities were 
measured and vessel wall morphology was assessed. The sonographers were certified by the Swiss Society of Neurophysiology. 

Case 1 

A 64-year-old woman with a history of multiple venous thrombosis and embolism tripped and fell on the backside of her head under 
anticoagulation with a selective factor Xa-Inhibitor. The patient presented with neck pain and without any neurological deficits. The 
whole body trauma Computed-Tomography-Scan (CT-Scan) in the emergency room revealed a hangman's fracture Effendi-Levine Type 
II [6,7], as well as a high riding right vertebral artery, with the course of the fracture line through the right vertebral foramen (Fig. 2). A 
two-step surgical approach was chosen. Firstly, a reduction and unilateral posterior fixation of the cervical segments 2 and 3 was 
performed. Preoperatively, a color-coded duplex ultrasound, performed by neurosonographers, showed regular flow and morphology 
– as far as technically assessable due to limitations such as the rather deep location and the acoustic shadow of the transverse processes 
of cervical vertebrae – of both vertebral arteries in the V2 and V3 segments, the segments proximal and distal of the injury. After the 
reduction of the fracture and prior to internal fixation, another color-coded duplex ultrasound was conducted revealing regular un-
changed blood flow and morphology of both vertebral arteries. Lastly, after completion of the surgery, another final ultrasound was 
performed, again showing normal blood flow and morphology of the vertebral arteries. In the second step, the surgical therapy was 
completed by anterior cervical discectomy and fusion (ACDF) of the cervical segments 2 and 3 using an intersomatic spacer and a 
cervical locking plate. The postoperative course was unremarkable, without any transient ischemic attack or ischemic stroke and 
without any peripheral neurological deficits. The patient was dismissed on postoperative day 6 with a semi-rigid cervical collar. At 6- 
weeks and 6-months follow-up visits, the patient presented with a favorable clinical outcome, without any neurological symptoms in 
the meantime and with favorable radiographic signs of fusion and no irregularity of the vertebral arteries. 

Fig. 2. CT-angiography of Case 1 in (a) sagittal and (b) axial view, with the arrow pointing at the vertebral artery running inside the fracture gap 
and (c) sagittal view of the high riding right vertebral artery, indicated by the arrow. 
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Case 2 

Due to a car accident, a 42-year-old woman suffered from multiple injuries, including a displaced hangman's fracture Effendi- 
Levine Type II [6–8] (Fig. 3a, b) with the fracture line close to the vertebral artery. In the resuscitation room, the patient presented 
with neck pain and without any neurological deficits. CT-Angiography showed an intact left vertebral artery and a hypoplastic right 
vertebral artery as an anatomical variant (Fig. 3c, d). Because of this vascular asymmetry, a conservative regimen was followed 
initially using a Halo-fixateur. Two weeks later the patient was readmitted to the hospital with psychological decompensation, 
intolerance and self-removal of the Halo-fixateur. Due to the instability of the fracture, a two-step surgical approach was chosen. The 
preoperative color-coded duplex ultrasound of the vertebral arteries showed normal blood flow bilaterally (in relation to the vessel 
lumens) in the segments proximal and distal of the fracture. For surgery, fracture reduction and an ACDF with discectomy and 
replacement was performed firstly. The color-coded duplex ultrasound before reduction and after wound closure showed normal blood 
flow and morphology of the vertebral arteries. The surgery was completed by a posterior spondylodesis of the segments C2 and C3 
afterwards. Postoperatively, the clinical course was unremarkable, without any transient ischemic attack, ischemic stroke or pe-
ripheral neurological deficits. The patient was dismissed prematurely upon her own wish. At 6-weeks, 12-weeks and 6-months follow- 
up visits, the patient presented with a favorable clinical outcome without any neurological symptoms in the meantime, with favorable 
radiographic signs of fusion and no irregularity of the vertebral arteries. 

Discussion 

This is the first report documenting the successful use of intraoperative color-coded duplex ultrasound of the vertebral arteries 
contributing to a safe reduction of displaced hangman fractures in patients with an atypical course of the vertebral arteries. A safe 
reduction of the fracture was performed in both patients. No entrapment, occlusion nor dissection of the vertebral arteries occurred. 
The pre- and post-reduction, as well as the post-operative color-coded duplex ultrasound showed a normal blood flow and intact 
morphology of both vertebral arteries. Neurovascular ultrasound is a standard diagnostic imaging method to investigate anatomical 
variations of diameter and vessel course and hemodynamics with high accuracy. Also morphology can be assessed, limited however by 
the rather deep location of the vertebral arteries and the acoustic shadow of the transverse processes of cervical vertebrae. Overall, 
neurovascular ultrasound can be implemented for detection of entrapment, disruption or dissection of the vertebral arteries [9–11]. 
Takahashi et al. described the use of intraoperative angiography for the same purpose [12]. In comparison to angiography, color-coded 
duplex ultrasound is a non-invasive diagnostic tool, which does not necessarily require application of contrast agents. This can be 
medically relevant especially if patients suffer from reduced kidney function or have allergies to the contrast agents needed for 
angiography. Additional advantages of this method lay in the high availability and low costs. Extensions of this technique may include 
monitoring after C2 screw placement for indications other than Hangman fractures. Fig. 4 shows an intraoperative algorithm for the 
use of color-coded duplex ultrasound, providing a step-by-step-guidance. Limitations of this diagnostic method are an experienced 
examiner; a board certified vascular sonographer is strongly recommended [10]. However, it shows a sensitivity of up to 86% [11,13]. 
An ultrasound device with a standard linear array transducer, capable of color-coded duplex ultrasound, is required. Tubbs et al. 
described common variations of the vertebral artery relevant for C2 instrumentation [14]. Additionally, we did not observe any post- 
reduction nor postoperative impairment of the vertebral arteries. This raises the question, how good this method is if the arteries are 
altered from reduction. In summary, using intraoperative color-coded duplex sonography of the vertebral arteries may significantly 
reduce the risk of entrapment, dissection or occlusion of the vertebral artery. Therefore, it may reduce the risk of transient ischemic 
attack, ischemic stroke or peripheral neurological symptoms in surgical management of displaced hangman fractures with an atypical 
course of the vertebral artery or with a fracture line close to the course of the vertebral arteries. Future studies with larger patient 
numbers are warranted to proof its validity in case of iatrogenic injury of the vertebral arteries. 

Fig. 3. CT-angiography of Case 2 in (a) sagittal and (b) axial view, with the arrow pointing at the vertebral artery running inside the fracture gap 
and (c) sagittal view, showing the left vertebral artery and (d) showing the hypoplastic right vertebral artery, both indicated with arrows. 
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Displaced Hangman fracture and VA* at risk for impairment†

No alteration in vascular blood flow
and morphology after reduction

Continue with surgical procedure

Vascular duplex ultrasound
of VA

Surgical reduction

Vascular duplex ultrasound
of VA

Decrease of blood flow, suspected
dissection, entrapment or

occlusion of VA

Reverse fracture reduction, repeat
vascular ultrasound of VA

Decrease of blood flow, suspected
dissection, entrapment or

occlusion of VA

No alteration in vascular blood flow
and morphology after reduction

Start with Stroke Protocol 
according to guidelines

Fig. 4. Flow chart showing the intraoperative algorithm using color-coded duplex ultrasound. *VA = vertebral artery; †atypical/normvariant artery course (i.e. high-riding vertebral artery, hypoplastic 
vertebral artery); †fracture line through vertebral foramen. 
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Presentations of work at meetings 

The case report has been presented in form of a presentation at the Swiss orthopedics (SGOT) annual meeting in June 2021. 
Additionally, two e-poster presentations were held: One at the German Congress of Orthopedics and Traumatology (DKOU) in October 
2021 and one at the German Spine Medicine Congress (DWG) in December 2021. 

Availability of data and material 

All data generated or analyzed during this study are included in this published article. 
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