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A 55-year-old man developed a delayed locked-in syn- 
drome after a mild head injury. Angiography showed bi- 
lateral distal vertebral artery occlusion. Anticoagulant 
therapy and energetic medical management to promote 
collateral circulation to the structures in the posterior 
fossa led to a functional recovery. A review of the reported 
cases of posttraumatic locked-in syndrome has allowed the 
authors to differentiate between two types: the first is d u e  
to primary brainstem injury and the second is due to sec- 
ondary brainstem ischemia. Both types have different modes  
of onset, mechanisms of production, angiographic find- 
ings, and prognosis. It  is concluded that, with early di- 
agnosis and vigorous medical management,  expectations 
for a useful recovery are high, especially in those cases of 
posttraumatic locked-in syndrome due to secondary 
brainstem ischemia. 
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The term "locked-in syndrome" (LIS) was coined by 
Plum and Posner [35] to describe a state of  selective 
motor  de-efferentation, characterized by quadriplegia, 
mutism, sparing of  vertical eye movement  and blinking, 
and paralysis of  the lower cranial nerves without af- 
fecting consciousness. Sensation is preserved and com- 
munication with the patient is possible through blinking 
or vertical eye movements  or both. The most common 
cause of  locked-in syndrome is primary vascular disease 
of  the ventral pons or medulla oblongata 
[2,7,10,15,17-20,23,24,26], but cases due to other causes 
such as tumor [20,31], postinfectious polyneuropathy 
[ 11,13], central pontine myelinolysis [ 1,29,34,40], air 
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embolism [32], diazepam toxicity [14], and trauma 
[8,9,12,17,27 ] have been reported.  

Although at first it was thought that the condition 
was irreversible and fatal, some recent reports indicate 
that there are patients with a fully developed locked-in 
syndrome who recover from it with variable degrees of  
success [11-14,24,26,29,31,32,40].  As far as we know, 
after reviewing the literature, only five cases of  post- 
traumatic locked-in syndrome have been reported to 
date [8,9,12,17,27]. 

This report describes the case of  a patient with locked- 
in syndrome after a mild head injury in whom cerebral 
angiography showed bilateral distal vertebral artery oc- 
clusion and who recovered from it with medical 
management.  

Case  R e p o r t  

A 55-year-old man was involved in an automobile ac- 
cident on February 18, 1983 when his car was hit on 
the left side by another car about 700 m from our hos- 
pital. Upon arrival in the emergency room, he was con- 
scious and complained of pain in the left side of  his 
forehead and in his neck. H e  had a bruise on the left 
side of  his forehead. Neurological examination was nor- 
mal. Roentgenograms of his skull and cervical spine were 
normal. He  was released from the hospital, but before 
he could leave, he vomited several times and became 
obtunded. 

When first seen by us, he was obtunded but easily 
arousable. Neurological examination showed only a slight 
degree of  dysarthria. Less than 1 hour later, abnormal- 
ities of  the ocular movements ,  consisting of  transient 
episodes of  disconjugation of  the eyes in the horizontal 
plane and nystagmus of the left eye, were seen for the 
first time. A computed tomography (CT) scan was nor- 
mal. The patient was admitted for neurological obser- 
vation. He  remained the same until 20 hours later when 
he became lethargic, quadriparetic, and mute. Respi- 
ration was difficult due to accumulation of  secretions in 
the upper  respiratory tract. The eyes were deviated 
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Figure 1. Left carotid angiogram. Arrows point to the distal basilar artery 
filh'ng in a retrograde fashion. 

towards the left, with both pupils equal and reactive. 
The plantar response was extensor on the left side. The 
ocular fundi were normal. A bilateral carotid angiogram 
was interpreted as normal, and the patient was admitted 
to the intensive care unit where he was intubated and 
respiration controlled. 

On the next morning he showed facial diplegia, quad- 
riplegia, and anarthria. The patient remained conscious, 
and he could blink when asked. Vertical eye movements  
were unimpaired, as was the gaze towards the left. How- 
ever, when looking to the right, the right eye did not 
abduct, and the left eye showed nystagmus. There  was 
loss of  movemen t  of  the tongue and palate, and of  gag 
reflex. Both plantar responses were extensor. Sensation 
remained unimpaired. The previous carotid angiogram 
was reviewed, and retrograde filling of  the distal basilar 
artery was seen (Figure 1). A transfemoral bilateral ver- 
tebral angiogram showed occlusion of both vertebral 
arteries beyond the origin of  the posterior inferior cer- 
ebellar artery (PICA) (Figures 2 and 3). 

Systemic anticoagulation with heparin was started im- 
mediately to prevent  further progression of  the throm- 
bus, and measures to prevent  hypotensive episodes that 

Figure 2. Left vertebral angiogram showing occlusion of the vertebral 
artery. 

would compromise collateral circulation were under- 
taken along with a strict nursing program to prevent  
pressure sores and cardiopulmonary complications. The 
next day, very discrete movements  of  the neck were 
seen, but they ceased on the same day. A tracheostomy 
was performed on February 26, and 4 days later he was 
started on dicumarol until discharged. 

He  remained clinically unchanged until 16 days later 
when voluntary horizontal neck movements  were seen. 
Two days later he could clearly nod his head to answer 
questions. On March 15, 1983, 25 days after the acci- 
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Figure 3. Right vertebral angiogram showing occlusion of the vertebral 
artery. 

dent, movements of  the limbs were first seen, and 5 days 
later he could move his arms and legs against gravity. 
The same day he was weaned from the respirator. He  
was moved to the rehabilitation unit for motor and speech 
therapy. Upon discharge on May 31, he had normal 
mentation except for a marked emotional lability of  the 
bulbar type. He  could speak with mild dysarthria. Ocular 
movements and swallowing were normal. Deep reflexes 
were hyperactive, and plantar responses were extensor 
bilaterally. Although he could stand by himself, walking 

was impossible. He  could recall only small fragments of 
his stay in the intensive care unit. 

When last seen in December  1984, 22 months after 
the accident, he had a normal mental status with minimal 
emotional lability. His speech was almost normal, and 
ocular movements were normal. Swallowing was normal 
both for solids and liquids. Manipulation was good. Al- 
though he was able to walk unassisted, he occasionally 
needed canes due to poor coordination and spasticity in 
the legs. 

D i s c u s s i o n  

Since 1969 when Plum and Posner [35] coined the term 
"locked-in syndrome," many reports referring to dif- 
ferent aspects such as etiology, clinical evolution, phys- 
iological observations, and pathological findings have 
been published. From these reports it was generally as- 
sumed that locked-in syndrome was a devastating con- 
dition that ended, sooner or later, in death, with the 
accompanying emotional distress for the patient and 
family, and frustration for the medical attendants. Al- 
though there were reports of patients surviving as long 
as 2 to 3 years, they did not experience such a significant 
neurological improvement as to warrant a more opti- 
mistic view [17,20]. 

In 1972, the first case of  recovery from locked-in 
syndrome was reported by Davis et al [14] in a patient 
with locked-in syndrome secondary to diazepam toxic- 
ity. Since then, as many as 18 cases of  transient locked- 
in syndrome have been reported [8,11-13,20,24,  
26,27,29,31,32,40]. Of  these, three occurred in patients 
with posttraumatic locked-in syndrome [8,12,27]. To 
our knowledge, angiography was obtained in only 15 
cases of  locked-in syndrome [2,7-10,13,15,17-20,24] .  
Of  these, only six cases showed occlusion of the ver- 
tebral or basilar arteries or both [2,8,10,17,18,20]. 

Only five cases of posttraumatic locked-in syndrome 
have been reported to date [8,9,12,17,27] (Table 1). 
Ours is the sixth case. Of  the six cases, four recovered 
to a different extent [8,12,27 ], one remained unchanged 
after 2 years, [17] and one died [9]. Angiography was 
performed in four patients, and showed significant ver- 
tebrobasilar occlusions in three, including ours [8,17]. 

The first case of  posttraumatic locked-in syndrome 
was reported by Feldman in 1971 [17]. A 36-year-old 
woman was involved in an auto-train accident. She did 
not lose consciousness, but was lethargic and com- 
plained of pain in her head, neck, and shoulder. She had 
a hematoma over the left zygoma and a laceration over 
the left eye. She suffered a progressive deterioration, 
and the next morning she was found to be "locked-in". 
Angiograms were interpreted as indicative of  throm- 
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Table 1. Reported Cases of Posttraumatic Locked-in Syndrome 

Time to Time to onset 
Author (year) Sex Age onset of LIS Angiographic findings of recovery Outcome 

Feldman [17] (1971) F 31 24 hours RVA occlusion with No recovery Remained unchanged 
secondary 2 years later 
embolization of BA 

Marti-Vilalta et al [27] (i977) M 21 Initial coma Not obtained 4 hours Normal status 
Britt et al [9] (1977) M 21 Initial coma Normal No recovery Died 
Chang et al [12] (1979) M 25 Initial coma Not obtained 10 weeks Moderate recovery 
Bivins et al [8] (1981) F 43 48 hours Proximal LVA 3 weeks Good recovery 

occlusion, secondary 
BA occlusion 

This report M 55 24 hours Distal occlusion of 19 days Good recovery 
RVA and LVA 

Abbreviations: F, female; M, male; RVA, right vertebral artery; LVA, left vertebral artery; BA, basilar artery; LIS, locked-in syndrome. 

bosis of  the right vertebral  artery with secondary em- 
bolic occlusion of  the basilar artery. Over  the next 5 
months,  she regained most  functions of  the motor  cra- 
nial nerves, but remained tetraplegic and mute. 

In 1977, Marti-Vilalta et al [27] reported the case of  
a 21-year-old man who was rendered "locked-in" after 
being dragged by a car. H e  was reported initially to be 
in coma. The clinical condition cleared in 6 hours. 
Roentgenograms of  the skull and cervical spine were 
normal. They postulated as the pathophysiologic mech- 
anism that of  a transient ischemia of  the ventral pons 
due to compression of  the vertebral arteries after abrupt 
hyperextension-rota t ion of  the neck. In the same year, 
Britt et al [9] reported the case of  a 21-year-old man 
who was found apneic at the site of  a car accident. On 
admission he was comatose and quadriplegic. H e  had 
an abrasion on the left side of  his forehead. Roentgen- 
ograms of the skull and cervical spine were normal. 
Forty-eight hours after the accident a bilateral carotid 
and left vertebral angiogram showed no abnormalities. 
Five days later, the patient started to blink upon stim- 
ulation. By the third week, the patient was reported to 
be "locked-in." H e  died on the 14th week after the 
accident. Pos tmor tem examination demonstrated cavi- 
tary necrosis of  the ventral pontomedullary junction and 
bilateral disruption of  the sixth cranial nerve. The pro- 
posed mechanism of  injury was that of  a partial traumatic 
pontomedullary disruption due to hyperextension of the 
head on the neck. 

In 1979, Chang et al [12] reported another case of  
transient posttraumatic locked-in syndrome in a 25-year- 
old man who was found unconscious at the scene of an 
automobile accident. Roentgenograms of  the skull and 
cervical spine were normal, as well as CT scan of  the 
head. H e  had sustained multiple fractures on the left 
side of  his body, including the left zygoma. H e  remained 
comatose for 6 weeks, when he was found to be "locked- 
in." Three  months after the accident, the patient was 

able to speak, to grasp his left hand, and to control his 
sphincters, but he was unable to walk. Based on the 
injuries on his face and on the findings of  auditory evoked 
potentials, a direct brainstem injury due to hyperexten- 
sion of  the head was postulated. 

In 1981, Bivins et al [8] reported the case of  a 
43-year-old woman who was involved in a minor au- 
tomobile  accident. She did not lose consciousness, but 
complained of  pain in her neck and shoulder. Roent-  
genograms of  the skull and cervical spine were normal. 
Two days later she became progressively quadriplegic, 
though remaining fully conscious. A CT scan showed 
an area of  edema in the left cerebellar hemisphere. A 
four-vessel angiogram showed thrombosis of  the left 
vertebral and basilar arteries. At that moment ,  3 days 
after the accident, systemic anticoagulation was insti- 
tuted. Three  months later, she had recovered enough 
to be self-sufficient. Bivins et al believed that the mech- 
anism of the injury was thrombosis of  the left vertebral 
artery secondary to hyperextension and lateral rotation 
of the head followed by propagation of  the thrombus 
into the basilar artery. 

Our  patient developed a locked-in syndrome within 
24 hours after a minor head injury that did not render 
him unconscious at any time. Roentgenograms of the 
skull and cervical spine as well as a CT scan were normal. 
Angiography showed distal occlusion of  both vertebral 
arteries beyond the origin of  the posterior inferior cer- 
ebellar arteries, and retrograde filling of  the distal basilar 
artery from the anterior circulation. Systemic antico- 
agulation was instituted. When last seen, 22 months after 
the accident, he showed moderate  residual deficits and 
was able to cope well with the activities of  daily life. 

Although the number of cases of  posttraumatic locked- 
in syndrome is not large, it can be seen from the pre- 
ceding review that posttraumatic locked-in syndrome 
can be subdivided into two groups according to the mode 
of onset, mechanism of  production, angiographic find- 
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ings, and clinical evolution. In the first group, locked- 
in syndrome is due to primary injury to the brainstem 
by the forces acting in the moment  of  the accident. The 
patients reported by Marti-Vilalta et al [27], Britt et al 
[9], and Chang et al [12] would fit in this group. These 
patients were rendered unconscious from the first mo- 
ment. As coma subsided, clinical features of locked-in 
syndrome became evident. Angiography, when per- 
formed, did not show any abnormalities. The outcome, 
if recovery did not take place very soon [27], was very 
poor [9,12]. The mechanism of  production is thought 
to be direct damage to the brainstem as demonstrated 
by the postmortem findings in the case reported by Britt 
et al [9]. 

In the second group, locked-in syndrome is due to 
delayed ischemia of  the brainstem. The patients re- 
ported by Feldman et al [17], Bivins et al [8], and ours 
would fit in this group. These patients sustained minor 
head injuries without losing consciousness at any mo- 
ment. Within hours after the accident there was a pro- 
gressive deterioration leading to a locked-in syndrome. 
Angiography, performed in the three patients, showed 
occlusion of  the vertebral and/or basilar arteries in all 
of  them. Two patients recovered significantly [8], and 
one remained unchanged [17]. The mechanism of  pro- 
duction was thought to be brainstem ischemia secondary 
to vascular damage that occurred in the moment  of the 
accident. 

In our case, the most probable mechanism of pro- 
duction was hyperextension and rotation of  the neck 
with pinching of  one or both vertebral arteries between 
the occipital bone and the atlas. Damage to the intima 
and media led to local thrombosis of  these vessels. Pro- 
gression of  the thrombus led to the development of  
locked-in syndrome. This mechanism has been claimed 
by other authors, both after head injury and after chi- 
ropractic manipulation of  the neck [8,16,17,22,25, 
28,30,33,36,38,39]. In our patient, we think that main- 
tenance of  flow through both posterior inferior cere- 
bellar arteries and the retrograde filling of  the basilar 
artery from the carotid circulation made recovery possible. 

With regard to treatment, we think that if a patient 
develops signs or symptoms of  brainstem dysfunction 
after head trauma, and CT scan rules out the existence 
of  an intracranial hematoma or other  space occupying 
lesion, vertebrobasilar angiography should be per- 
formed to exclude the existence of  thrombosis in that 
territory. If  there are signs of  arterial damage or if 
thrombosis has already occurred, anticoagulation should 
be instituted immediately to prevent development or 
progression of  the thrombus. That this procedure is use- 
ful has been demonstrated by Sherman et al [39], who 
found that mortality dropped from 44.4% to 16.7% 
when anticoagulation was used in a group of  patients 

with progressive vertebrobasilar stroke due to sudden 
change in head position. Efforts to augment cerebral 
blood flow should be undertaken by avoiding head el- 
evations and hypotensive episodes, or by pharmacolog- 
ically raising blood pressure if necessary. In addition, 
adequate supportive care and rehabilitation should be 
instituted. In the case of  locked-in syndrome due to 
primary brainstem injury, management is the same ex- 
cept for anticoagulation, which is not used. Regarding 
surgical treatment, although several techniques to re- 
vascularize the structures of  the posterior fossa have 
been described [3-6,37,41,42],  their role in posttrau- 
matic locked-in syndrome of  the ischemic type is not 
clear, but they could be performed in selected cases as 
reported by Caplan [10]. 

In conclusion, we think that patients with posttrau- 
matic locked-in syndrome, especially those with a de- 
layed onset and progressive course, deserve vigorous 
medical management and, most important, a nonfatal- 
istic attitude; this syndrome seems to be more benign 
than previously thought, and expectations for useful re- 
covery are high. 

The authors are indebted to Mr. Antony Bauzfi. for the photographic 
work. 
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