
 

 

 

 

 

REVERSIBLE CEREBRAL VASOCONSTRICTION SYNDROME (RCVS) 

 

Pluto as seen from the New Horizons space craft, July 13, 2015 (NASA). 

  



“I saw a little image popping in and out, looked to one side, and saw another one doing 

the same thing….I took note of the dates of the plates.  

 

The image on the earlier plate was to the east, the one on the latter was to the west; it 

was retrograding…  

 

I can hardly describe to you how intense was the thrill I felt.  

 

I was looking through my hand magnifier identifying the configuration of the stars. I 

could hardly see them, my hand was shaking; I was literally shaking with excitement… 

 

I was the only person on Earth who knew where Planet X was!” 

 

Clyde Tombaugh on the discovery of Pluto,  

interview with David H. Levy, May 1989   

 

On 18th of February 1930, a 24 year old amateur astronomer, working at the Lowell 

Observatory suddenly stood up from his exhausting work pouring over endless 

astronomical photographic plates, in a surging state of nervous excitement. He tried his 

best to remain calm, even though he was shaking uncontrollably. He gathered himself, 

walked down the long corridor to the office of his supervisor V. M Slipher, and then 

trying desperately to appear nonchalant and unemotional, he entered Slipher’s office and 

announced in a wavering voice, “Dr Slipher, I have found Planet X!” Slipher was 

thunderstruck. He leaped from his chair and demanded to see the evidence. By the time 

the two men had got back to the comparator room, Tombaugh’s colleague Carl 

Lampland had also managed to examine Tombaugh’s plates. He looked up from them 

and announced, “It looks pretty good!” 

 

Since antiquity, when five planets had been well known, only two others had been 

discovered, and these only by the use of high powered (for the day) telescopes, in the 

Nineteenth century. But now an American could be added to the list of Astronomer 

immortals. By the use of high powered Twentieth century telescopic photography he had 

also delivered a stunning vindication for the besieged Lowell Observatory. Percival 

Lowell, a brilliant mathematics graduate from Harvard, and amateur Astronomer, had by 

means of the family fortune, set up his own personal observatory, in order to observe the 

planet Mars. He studied the planet intensely from May 1894 until April 1895, then 

promptly announced to the world that he had evidence of life on Mars! The news created 

a global sensation and inspired H.G Wells, to write the greatest science fiction story of 

all time. By 1901 however, Lowell and his observatory had become somewhat of a 

laughing stock amoung professional Astronomers. Immune to personal insults, Lowell did 

feel sympathy for those who worked for him, and so he determined to make amends by the 

discovery of Planet X! 

 

Although the planet Neptune had been sensationally discovered in the Nineteenth century 

on the basis of aberrations in the orbit of the planet Uranus (which had been discovered 

by William Herschel in the previous century), this planet still had enough orbital 

aberration to suggest that there could be yet another unknown and further distant planet 

than Neptune, that would fully explain Uranus’ orbit. This proposed ninth planet of the 



Solar System was duly dubbed “Planet X” by astronomers. The race was on to find it! 

Lowell spent the rest of his life trying to find Planet X, and bring vindication to his 

observatory and his employees. He died in 1916 without ever finding it. Thirteen years 

after Lowell’s death in 1929, new owners of the observatory, who had installed a new 

state of the art telescope, announced that the search for Planet X was to resume. Amoung 

the astronomers that they hired, was a “young upstanding, hardworking unimpeachably 

decent young man” fresh from the wheat fields of Kansas, by the name of Clyde 

Tombaugh. 

 

In late February of 1930, the editor of the weekly paper of Pawnee County Kansas 

telephoned Muron and Adella Tombaugh on their farm in Burdett. A voice on the phone 

asked them, “Do you know?”, he asked. “Know what?” replied Muron. “You’re son just 

discovered a new planet!” Clyde Tombaugh became an instant international celebrity. 

He had found the fabled Planet X…..or had he? 

 

As Astronomers across the globe studied the new planet intensely, confusion began to 

creep in. More accurate estimates of its size had seen it shrink from an original estimate 

of ten times the mass of the Earth, to a minuscule one two thousandth the mass. This was 

too small to account for the remaining aberration of the orbit of Uranus. Later on it was 

discovered that this was in fact due to the influence of Neptune its neighbour. 

Furthermore the orbit of Pluto appeared to be a total aberration. Its orbital plane was at 

complete odds with all the other planets and its shape was a drastically elongated ellipse, 

that saw it on occasions sweep inside the orbit of Neptune! The intriguing question 

became, if Tombaugh hadn’t discovered a planet, then just exactly what had he 

discovered? The next breakthrough would not come until 1978, when it was found that 

Pluto had a moon, Charon. Surely then Pluto was a planet after all. But still the question 

remained, why was it so different from all the other planets.  

 

Then in 1990s with proto-twenty first century technologies and space-based telescopes 

further discoveries came like an avalanche. In 1992, another more distant Pluto-like 

object was found that in its size and eccentric orbit shared many characteristics with 

Pluto. By the early 2000s dozens of similar and even more distant objects had been 

found. It seemed that Pluto, rather than being the last planet was actually the first object 

in a teeming far distant shore. Astronomers now believe our entire Solar System is 

enclosed within a vast sphere of Pluto-like objects, a region now termed the Kuiper Belt. 

Pluto it was clear by now was not a planet in the traditional sense and so accordingly it 

was reclassified as a “dwarf planet”; a fate similar to Ceres in the Nineteenth century 

that was downgraded from “missing planet between Mars and Jupiter” to “asteroid”.  

 

The reclassification created enormous controversy amoung not only the public but also 

amoung professional Astronomers as well. It seemed like an attack on the revered 

memory of Clyde Tombaugh and a disrespectful repeat of the ridicule once heaped onto 

Lowell, his observatory and his theory of intelligent life on Mars. But as we continue to 

make revelatory discoveries about the Solar System we call home, a newfound reverence 

has emerged for the work of Tombaugh and Lowell. One Astronomer has poignantly put 

it; “Hell Tombaugh’s discovery was far more important than just one more planet - he 

discovered the Kuiper Belt, a discovery that has fundamentally altered our understanding 



of the entire Solar System!”. And on that basis, in the centuries to come, posterity will see 

Tombaugh’s discovery as even greater than Herschel’s, Adams’ or Le Verrier’s.      

 

In 2015 NASA’s New Horizon’s space craft reached the first citizen of the Kuiper Belt, 

and sent back stunning close up pictures of a world that had previously only ever been at 

best a few blurry pixels from the Hubble Space Telescope. Immediately an intriguing and 

immense geological heart shaped feature stood out. As one female reporter romantically 

explained it; it was as if Pluto, so long neglected, had sent the Earth the biggest love 

heart in the comos, the warmest of welcomes to its lonely and distant realm. Indeed we 

have not been neglectful in our own welcome. The New Horizons space craft carries the 

ashes of Clyde Tombaugh. After eighty five years, two old friends will be reunited once 

more. 

 

We live in new golden age of Astronomy. Not since the time of Galileo have such 

astonishing discoveries been, and are being, made. Orbiting marvels of technology now 

scan the Milky Way searching for new extra-solar planets, at last count over two 

thousand have been found; of course just the tip of an endless iceberg. In the Twenty 

First century, finding new planets is routine Astronomy; but the discovery of the Kuiper 

Belt by Clyde Tombaugh will live alongside those of Ptolemy, Copernicus, Kepler, 

Galileo, Mayor and Queloz.  

 

The story of the discovery of Pluto tells a universal tale in the noble human endeavor of 

science. In the medical sciences, the “thunderclap” headache had many theorized 

“Planet Xs”; and at least one of these has now come to light. Just as the relentless 

advances in Astronomical  imaging lead us to ever greater discoveries, so too do those in 

the field of medical imaging. By the use of CT angiography and magnetic resonance 

angiography, we can now see the previously obscure and uncertain condition known as 

Reversible Cerebral Vasoconstriction Syndrome.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Clyde Tombaugh in old age, with his beloved cat, Pluto. 



REVERSIBLE CEREBRAL VASOCONSTRICTION SYNDROME (RCVS) 
 

Introduction 

 

Reversible Cerebral Vasoconstriction Syndrome (RCVS) is a relatively recently 

described syndrome consisting of a constellation of clinical and radiological features 

including: 

 

1. Sudden, severe and recurrent (“thunderclap”) headaches: 

 

With or without: 

 

2. Reversible multifocal, segmental vasoconstriction (and vasodilation) of cerebral 

 arteries, leading to:  

 

● Transient focal neurological symptoms. 

 

● Frank stroke, including non-aneurysmal SAH 

 

● Seizures 

 

The syndrome generally lasts several weeks to 3 months 

 

Spontaneous resolution usually occurs, with improvement in angiographic findings 

within three months. The natural history of the condition has not however been well 

characterized. 

 

Most cases resolve without serious sequelae, however serious complications can occur 

due to cerebral infarction or hemorrhage with permanent deficits or even death.      

 

The pathophysiology of the syndrome is uncertain and is still being investigated and it is 

likely that RCVS is the final common pathway of a number of different pathologies. 

 

It is thought to be is a transient deregulation of cerebral vascular tone leading to 

multifocal arterial constriction and dilation. 

 

The principle challenges to a better understanding of the condition include the probable 

heterogeneity of causation and its relative rarity. 

 

Diagnosis can be hampered by the dynamic nature of clinico-radiological features. 

 

The syndrome explains a number of cases of: 

 

●  “Thunderclap” headache presentations. 

 

● “Idiopathic” (i.e non-aneurysmal) SAH  

 

●  “Idiopathic” TIAs/ Strokes. 



 

●  Migrainous stroke  

 

History 

 

The features of what is now called RCVS was first described in detail by Call and 

Fleming et al in 1988. 
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The syndrome has attracted many different names, depending on whether patients present 

to specialists in headache, obstetrics, or neurology. 

 

These have included: 

 

● Thunderclap headache: 

 

♥ RCVS is now thought to be the main cause of isolated recurrent 

 thunderclap headaches - which were previously regarded as “primary” or 

 idiopathic headaches. 

 

● Call-Fleming syndrome 

 

● Migrainous vasospasm 

 

● Drug-induced angiitis 

 

● Postpartum angiopathy 

 

● Benign angiopathy of the central nervous system.  

 

A 2007 review by Leonard Calabrese and colleagues proposed the name reversible 

cerebral vasoconstriction syndrome, which has since gained widespread acceptance. 

 

The label RCVS has been an attempt to unify these various descriptions of a distinct 

clinico-radiological pattern. 

 

Epidemiology 

 

RCVS has been reported in people aged from 10 - 76 years, but occurrence seems to peak 

at around 40 years. 

 

The syndrome is also more common in women than in men, most typically affecting 

young women 20-50 years of age. 
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Pathophysiology 

 

Reversible cerebral vasoconstriction syndrome is supposedly due to a transient 

disturbance in the control of cerebrovascular tone, similar to the migrainous process 

of vasoconstriction followed by vasodilation.  



 

Cerebrospinal fluid (CSF) examination, extensive serological tests, and biopsies of 

the brain and temporal arteries have to date shown no abnormalities in patients 

with RCVS. 
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Women and those with migraine are possibly at the highest risk. 
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It seems likely that there are many causes (or triggers) for RCVS, and probably more than 

one underlying pathophysiological mechanism causing abnormal vascular tone. 

 

Theories regarding causes/ triggers include:  

 

1. Sympathetic stimulation in general: 

 

 ● Exertional activity, straining, valsalva, sexual activity. 

 

 ● Phaeochromocytoma 

 

2. Vasoactive drugs:  

 

 ● Adrenergic (both medicinal and illicit). 

 

 ● Serotonergic (both medicinal and illicit). 

 

3. Late pregnancy and early puerperium related: 

 

● Post-partum RCVS (or postpartum angiopathy) starts during the first week 

 after delivery.  

 

It can occur after a normal pregnancy or one complicated by preeclampsia/ 

eclampsia or the HELLP syndrome.  

 

At least a third of patients overall have been exposed to vasoconstricting 

agents of one sort or another used for epidural anaesthesia, post-partum 

haemorrhage, inhibition of lactation, or depression. 

 

No obvious precipitant however can be found in approximately one-half of cases. 

 

Complications: 

 

These can include: 

 

1. Cerebral infarction.  
 

2. Cerebral haemorrhage 

 

3. Non-aneurysmal SAH: 

 



● Cortical subarachnoid bleeding, (also termed localized convexity non-

 aneurysmal subarachnoid hemorrhage) can also accompany RCVS, though 

 the precise mechanism for this is unclear.  

 

Theorized mechanisms for bleeding include reperfusion injury attributable to 

vasodilatation after severe vasoconstriction or as a consequence of hypertension and 

disturbed autoregulation (as may occur in another poorly understood syndrome that 

overlaps with RCVS, posterior reversible encephalopathy syndrome). 

 

Clinical assessment 

 

Diagnosis can be hampered by the dynamic nature of clinico-radiological features. 

 

Stroke can occur a few days after initial normal imaging, and cerebral vasoconstriction is 

at a maximum on angiograms 2 - 3 weeks after clinical onset. 

 

Clinical features according to current thinking include: 

 

1. Sudden, severe (“thunderclap”) headache: 

 

 ● The episode mimics that of SAH 

 

● Episodes can be recurrent, over 1-3 weeks.  

 

Recurrent thunderclap headache for a few days to weeks immediately 

suggests RCVS. 

 

 ● There may be associated nausea and vomiting 

 

With or without: 

 

2. Reversible (within 3 months) multifocal, segmental vasoconstriction and 

 vasodilation of cerebral arteries, leading to:  

 

● Transient focal neurological symptoms. 

 

● Frank ischemic stroke: 

 

Persistent deficits, including hemiplegia, aphasia, hemianopia, or cortical 

blindness, suggest a stroke. 

 

● Non-aneurysmal SAH 

 

● Seizures 

 

The syndrome generally lasts several weeks to 3 months 

 

 



Natural history: 

 

Most cases resolve without serious sequelae, however serious complications can occur 

due to cerebral infarction or hemorrhage with permanent deficits or even death.      

 

Relapse appears to be uncommon, but has been reported. 
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Differential Diagnoses: 

 

Conditions which can also present as a “thunderclap” headache include the following: 

 

1. Aneurysmal SAH 

 

● This must always remains the prime consideration with this type of 

 presentation. 

 

2. Perimesencephalic haemorrhage: 

 

 ● A cause of non- aneurysmal SAH 

 

Other causes of acute headache include:   

 

3. Intracerebral haemorrhage. 

 

 ● True stroke 

 

 ● Toxic sympathomimetic drug reactions with intracerebral haemorrhage. 

 

4. Some intracerebral infarctions: 

 

 ● A posterior fossa embolic event 

 

 ● Pituitary apoplexy (infarction or hemorrhage). 

 

5. Cervical artery dissections: 

 

 ● Carotid or vertebral dissection more typically give neck pain, but there can 

  also be radiated headache.  

 

6. Colloid cyst foramen of Monro obstruction 

 

7. Phaeochromocytoma 

 

8. Primary arteritis of the CNS (with bleeding) 

 

True migraine: 

 

● People with proven RCVS frequently have a history of migraine.  



 

Acute headaches due to RCVS are sometimes mistaken for bad migraine attacks. 

 

Headaches in RCVS are secondary (i.e, symptomatic of an underlying pathology), 

whereas migraine is a primary headache. 

 

RCVS headache is very acute in onset, whereas migraine headache has a more 

gradual onset.  

 

Investigations 

 

Blood tests: 

 

1. FBE 

 

2. CRP/ESR 

 

 ● Should be normal in RCVS. 

 

3. U&Es/ glucose 

 

4. Metanephrine levels to rule out phaeochromocytoma  

 

CT angiogram: 

 

The hallmark feature of RCVS is segmental constriction of cerebral arteries on CT 

angiogram that resolves within 3 months. 

 

Complicating lesions include: 

 

● Non-aneurysmal subarachnoid haemorrhage. 

 

● Intracerebral haemorrhage 

 

● Cerebral infarction 

 

● Reversible brain oedema. 

 

Note that angiogram changes can be dynamic and initial scans may appear normal.  

 

Maximum vasoconstriction of the branches of the middle cerebral arteries (shown by 

magnetic resonance angiography) is reached a mean of 16 days after clinical onset. 

 

MRA: 

 

This is also effective in diagnosing segmental constriction of cerebral arteries as well as 

the complications of RCVS. 

 



Magnetic resonance angiography reveals diffuse segmental arterial constriction in up to 

90% of cases, although occasionally the initial study may be negative, and a second study 

1-3 weeks later may be required to demonstrate the abnormalities. 
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Large and medium sized arteries are more commonly affected, and the degree of 

pathology to smaller arteries remain unclear as the angiographic techniques are not as 

sensitive to the smaller arteries. 

 

DSA: 

 

Catheter angiography remains the “gold standard” imaging test to demonstrate the 

characteristic “string of beads” pattern of alternating areas of arterial stenosis and dilation 

in cases where non-invasive vascular imaging is inconclusive. 

 

Radiographic Criteria for Diagnosis of RCVS: 

 

No validated criteria have been defined for diagnosis confirmation; however the 

following guidelines are reasonable when applied to the correct clinical context: 

 

1. Angiography (CTA/MRA/DSA) demonstrated multifocal narrowings in the circle 

 of Willis and its branches; post-stenotic segments show dilatation giving classical 

 string of beads or sausage-shaped appearance of the arteries. 

 

2. No CT evidence of subarachnoid haemorrhage (although small cortical 

 subarachnoid haemorrhages are seen in about 20 % of cases). 

 

3. Confirmation of the diagnosis rests on eventual resolution of angiographic 

 findings within 12 weeks 

 

Transcranial ultrasound: 

 

Transcranial ultrasound has been used to follow the course of cerebral arterial vasospasm 

in RCVS.  

 

It has been demonstrated that the blood flow abnormalities, as demonstrated by the mean 

flow velocity in the middle cerebral artery window and the Lindegaard index (the ratio of 

middle cerebral artery velocity to extracranial internal carotid artery velocity), may 

persist well beyond resolution of the clinical manifestation.  

 

Markedly abnormal values, such as those observed in vasospasm after aneurysmal 

subarachnoid hemorrhage, are uncommon, but when present may serve as a tool to 

predict which patients will develop ischemic complications such as cerebral infarction. 
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Lumbar Puncture: 

 

CSF studies are normal or near normal in RCVS. 

 

 



Management 

 

There is currently no specific treatment shown to improve outcome in RCVS.  

 

Treatment of RCVS is currently based on expert opinion and reported case series. 

 

Randomized controlled trials do not yet exist and will be difficult to perform due to the 

difficulty in diagnosis, relative rarity of the condition and the spontaneous resolution of 

the syndrome in the majority of cases. 

 

It may well be that therapy needs to be tailored to the underlying causes or mechanisms, 

although current approaches focus on the shared common factor of vasospasm, which 

logically might reduce the main complications of infarction and hemorrhage. 

 

1. Give analgesia as required: 

 

● Headache is usually severe and so IV titrated opioids are usually required.    

 

2. Calcium channel blockers: 

 

● Because of the similarities with post-subarachnoid hemorrhage related 

 vasospasm, calcium channel blockers are used in some centers. 

 

● The calcium channel blocker nimodipine seems to reduce thunderclap 

 headaches within 48 hours of administration, but has no proven effect on 

 haemorrhagic and ischaemic complications. 
3
 

 

 ● Nifedipine and verapamil have also been used. 
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3. Magnesium sulfate: 

 

● Intravenous magnesium sulfate has been used for postpartum RCVS with 

 reported good results, however these are only isolated case reports.  

 

4. Intra-arterial vasodilator therapy:  

 

● In refractory cases, intra-arterial nimodipine, papaverine or milrinone 

 have been used with good results reported, although experience is  limited 

 to case reports. 
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5. Discontinuation of potentially triggering drugs: 

 

 ● In general terms these would include serotonergic and sympathomimetic 

 agents. 

 

 

 

 



Appendix 1 

 

Lesions in patients with reversible cerebral vasoconstriction syndrome: 
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(A) CT (left) and T2 weighted MRI (right) scans showing a bilateral occipital haematoma 

with interhemispheric subarachnoid haemorrhage in a 57-year-old-woman who also had 

a left capsulothalamic haematoma (not shown).  

 

(B) MRI (left) showing bilateral cortical - subcortical areas of high signal on fluid-

attenuated inversion recovery sequences consistent with posterior reversible 

encephalopathy syndrome in a 36-year-old woman post partum. Follow-up MRI (right) at 

6 weeks was normal. 

 

(C) Diffusion-weighted MRI showing a left cerebellar infarction (top), a right occipital 

infarction (bottom), and patchy small areas of restricted diffusion at the border zone 

between the right anterior and middle cerebral arteries (arrow) in a 33 year old female 

cannabis smoker. 

 

(D) Magnetic resonance angiogram showing segmental narrowings (arrows) of the 

middle and anterior cerebral arteries in the patient shown in (A).  

 

(E) Transfemoral angiogram showing segmental narrowings of the branches of the 

anterior cerebral artery (arrows) in a 58-year-old woman with a left frontal haematoma 

and subarachnoid haemorrhage in several sulci. A follow-up angiogram at 2 months was 

normal. 

 

The principle imaging differential diagnoses for RCVS:  

 

 

Left: Cerebral vasospasm following an aneurysmal SAH. Right: A diffuse cerebral 

vasculitis. (Radiopedia). 



 

 

The photographic plates, taken 6 days apart with the 13 inch telescope, with which Clyde 

Tombaugh made the discovery of Pluto. Arrows mark the position of Pluto on the two 

days, of January 23 and 29, 1930 which established its existence as a planet (or dwarf 

planet)  Clyde Tombaugh was clearly a superb observer! (Lowell Observatory Archives). 
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