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골프 스윙에 의해 발생한 두개내 척추동맥 박리 환자에서 관찰된 안진
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Nystagmus in Intracranial Vertebral Artery Dissection Caused by Golf Swing
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Vertebral artery dissection (VAD) during a golf swing is extremely rare. Golf- 

related VAD has been reported to occur more commonly at extracranial segments 

on the right side. In the present study, we report a 57-year-old, right-handed, 

female amateur golfer with golf-related VAD which developed at the intracranial 

segment (V4) of the left vertebral artery. The patient complained of sudden 

vertigo with nausea and vomiting, and aggravation of the left tinnitus. Video oculo-

graphy showed very weakly left- and upbeating spontaneous nystagmus. The 

intensity of nystagmus was increased by positioning such as bowing, lying down 

or right head-rolling. The patient was treated with oral aspirin, and complete 

recanalization of the left vertebral artery was observed in a follow-up imaging 

study.
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INTRODUCTION

Arterial dissection is a result of blood entering the tunica 

media through a tear in the tunica intima. Although vertebral 

artery dissection (VAD) does not occur frequently, it is known 

as a leading cause of stroke in young and otherwise healthy 

individuals. VAD during a golf swing is an extremely rare 

condition, and only a few cases have been reported [1-5]. Quick 

rotation of the neck during a golf swing is considered as a cause 

of stretch and twist of the vertebral artery [1,2]. In the present 

study, we describe a new case of VAD in an amateur golfer 

and discuss the mechanism of the nystagmus observed in this 

patient.

CASE REPORT

A previously healthy, 57-year-old, right-handed, female 

amateur golfer swung a driver with nearly maximal force while 
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Fig. 1. (A) In cervical vestibular-evoked myogenic potential test, the peak-to-peak amplitude at 95 dB nHL was 80.12 μV on the

right side and 34.49 μV on the left side. (B) A bithermal caloric test revealed no canal paresis on either side. Posterior view of volume

rendering (VR, C) and anteroposterior view of maximal intensity projection (MIP, D) images of cerebral computed tomographic angiography

(CTA) showed focal aneurysmal dilation (asterisks) of the V4 segment of the left vertebral artery. Focal indentation at the proximal

end (short arrows) and severe stenosis (long arrows) at the distal end of aneurysmal dilation of the vertebral artery were identified 

due to dissection. On follow-up VR (E) and MIP (F) images of cerebral CTA in 2 months, previously noted aneurysmal dilation,

distal stenosis, and proximal indentation in left vertebral artery disappeared. These images demonstrate healed stage of dissection involving 

V4 segment of the left vertebral artery. cVEMP, cervical vestibular-evoked; SPV, slow phase velocity; L, left; R, right.

practicing golf at the driving range. Severe pain suddenly 

developed in her left neck, which was spreading to the left 

occipital area. She visited local hospital and was prescribed 

some headache pills. The symptoms gradually improved, and 

she continued practicing golf swing. Seven days later, she felt 

severe vertigo with nausea and vomiting, and aggravation of 

tinnitus developed on the left side during golf swing. 

The patient reported that vertigo was aggravated by changing 

the head position, although she could not specify which head 

position the vertigo was getting worse. Head rotation to either 

side in a sitting position, which was performed to rule out 

rotational vertebral artery occlusion (RVAO), did not elicit 

worsening of vertigo or tinnitus. Physical examination revealed 

no other additional neurological deficits.

Video oculography showed very weakly left (maximal slow- 

phase velocity, mSPV; 2°/sec) and upbeating (mSPV, 1°/sec) 

spontaneous nystagmus (Supplementary Video 1). The intensity 

of nystagmus was increased by positioning such as bowing 

(mSPV, 5°/sec to the rightward and 1°/sec to the downward), 

lying down (mSPV, 3°/sec to the rightward and 4°/sec to the 

downward) or right head-rolling (mSPV, 4°/sec to the rightward 

and 4°/sec to the downward) (Supplementary Video 1). Aug-

mentation of spontaneous nystagmus was observed after hori-

zontal head-shaking (mSPV, 6°/sec to the rightward), and 

vertical head-shaking (mSPV, 5°/sec to the downward) (Sup-

plementary Video 2). 

The average threshold of pure tone audiometry (0.5+1+2+3 

kHz/4) was 18.8 dB on the right and 23.8 dB on the left side. 

The cervical vestibular-evoked myogenic potential test showed 

decreased amplitude on the left side, and the interaural amp-

litude difference ratio was 39.8% (Fig. 1A). A bithermal caloric 

test revealed no canal paresis on either side (Fig. 1B). Brain 
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magnetic resonance imaging including diffusion-weighted im-

aging showed no acute infarction or other abnormalities. Three- 

dimensional computed tomographic angiography (3D-CTA) re-

vealed focal aneurysmal dilatation (asterisks in Fig. 1C, D) of 

the V4 segment of the left vertebral artery. Focal indentation 

at the proximal end (short arrows in Fig. 1C, D) and severe 

stenosis (long arrows in Fig. 1C, D) at the distal end of 

aneurysmal dilatation of the left vertebral artery were identified 

due to dissection. 

The patient was admitted to the hospital to prevent disease 

progression, and oral aspirin was continued to prevent stroke 

after discharge. The follow-up 3D-CTA, which was conducted 

at 2 months after the onset of dissection, revealed complete 

recanalization of the left vertebral artery (Fig. 1E and F).

DISCUSSION

Golf-related injuries, though golf is not a contact sport, are 

not uncommon with the prevalence of 25% to 62% in amateur 

golfers [6,7]. Although most golf-related injuries are due to 

overuse or trauma, devastating neurologic deficit may be 

resulted from cerebellar or brainstem stroke secondary to VAD. 

The VAD represents one of the most common causes of stroke 

in patients younger than 45 years old, and initiating events such 

as coughing, vomiting, chiropractic procedures, and blunt neck 

trauma may precipitate the development of the disease. Dis-

section is resulted when the integrity of the arterial wall is 

compromised, which subsequently compromises arterial blood 

flow secondary to the stenosis. The vertebral artery is con-

sidered highly vulnerable to mechanical stress because the 

vertebral artery is immobilized by the bony structures and 

adjacent ligaments as it passes through the transverse foramen 

of C6 to C1 and as it crosses the atlantoaxial segment [8]. 

Although VAD can be either extracranial or intracranial, oc-

cipital headache or neck pain is almost always an accompanying 

symptom [1,2,4,5]. 

Our patient is the first female patient with golf swing-related 

VAD. She was a right-handed amateur golfer, and the dissection 

occurred in the intracranial segment (V4) of the left vertebral 

artery. Civardi et al. [4] reviewed 13 cases with golf-related 

VAD, which were reported in the English literature between 

1990 and 2018. All 13 patients were male with the age range 

of 27 to 70 years. Although the handedness was unknown in 

4 of 13 patients, the right VAD was more common (9 of 13 

patients) than the left (3 of 13 patients) or bilateral cases (1 

of 13 patients). An ischemic brain lesion was identified in the 

ipsilateral side of dissection in 9 of 13 patients, and the 

treatment outcome was excellent in most cases (12 of 13 

patients). Extracranial vertebral artery was preferentially af-

fected (11 of 13 patients), especially at the V2 and V3 segments 

[4]. 

It has been reported that golf-related VAD is most likely to 

occur on the right side and predominantly in the extracranial 

vertebral artery [1,2,4,5]. The junction of C1 to C2 is known 

to be the most common location of mechanical damage in the 

vertebral artery [5,8]. Because head rotation causes asymmetric 

forward and downward movement of the contralateral atlan-

toaxial joint, the contralateral vertebral artery around the 

atlantoaxial joint (V3 segment) is most vulnerable to injury by 

head rotation [5]. A similar case of the contralateral VAD 

during forceful head rotation to the left was reported in a 

right-handed archer [9]. 

Choi et al. [2] postulated that because, in a right-handed golf 

swing, the right vertebral artery is more distant from the central 

axis during the body-weight shift and receives a greater torque 

than the left vertebral artery, the right vertebral artery is more 

commonly affected than the left. Yamada et al. [1] postulated 

that because right-handed amateur golfers often look in the 

direction that the ball travels from the beginning of the follow- 

through, the head rotates to the left rapidly with the trunk facing 

the front, causing damage to the right vertebral artery. However, 

because the motional biomechanics of a golf swing is complex 

involving the neck, trunk, and shoulder movements, bilateral 

vertebral arteries can be repetitively stretched or injured during 

practicing. Moreover, the location of VAD can be greatly in-

fluenced by intrinsic factors such as weakness of the vessel wall 

or physical factors such as strength and neck length, and thus, 

golf-related VAD may occur at the left intracranial segment as 

in our patient.

It has been reported that while neck pain or occipital head-

ache is always the symptom of VAD, symptoms of dizziness 

and nausea can develop when an ischemic lesion occurs due 
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to dissection [10]. Imaging study showed no evidence of acute 

infarction in our patient, though she experienced severe vertigo, 

nausea, vomiting, and aggravation of the left tinnitus. The 

reason why our patient experienced occipital headache seven 

days before the development of vertigo can be explained as that 

VAD, which first occurred when the patient experienced oc-

cipital headache, was aggravated when she felt acute vertigo 

during golf swing. 

Interestingly, our patient showed mixed horizontal and up-

beating nystagmus, which is similarly observed during head 

rotation in RVAO [11], even though the pathophysiology of 

VAD is different from that of RVAO. The RVAO is charac-

terized by recurrent attacks of paroxysmal vertigo, nystagmus, 

tinnitus, and syncope induced by horizontal head rotation, and 

transient ischemia and the resulting excitation of the labyrinth 

in the side of the compressed vertebral artery has been proposed 

as a mechanism of vertigo and nystagmus [11,12]. The presence 

of upbeating nystagmus in our patient may be explained by 

ischemia of the brainstem [13], or ischemia of the vestibular 

end organs [12]. Considering that aggravation of ipsilesional 

tinnitus was accompanied by vertigo without any additional 

neurologic symptoms or signs typical of brainstem dysfunction, 

disproportionate damage to the peripheral labyrinths due to 

inner ear ischemia would be a plausible explanation. It has been 

reported that the modulation of nystagmus intensity by head 

position change may be resulted from an interaction between 

the semicircular canals and otolithic organs [14-16]. It was 

hypothesized that central vestibular system utilizes signals from 

the otolithic organs to minimize the imbalance of bilateral 

semicircular canals. Thus, the mechanism underlying the change 

in nystagmus intensity by position change in our patient can 

be explained similarly.

The VAD, though extremely rare, can be caused during a 

golf swing. Although golf-related VAD shows a generally good 

prognosis, high suspicion and early recognition of VAD in 

patients with neck or occipital headache, vertigo, and nausea 

would prompt early diagnosis and proper treatment.
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