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My name is Dr Fenella Jane Kirkham and I qualified MBChir in 1978. I trained 

in paediatrics from 1979 and in paediatric neurology from 1982. I worked as 

an SHO in paediatric renal medicine in 1982 and covered emergencies in that 

service as a registrar and senior registrar from 1986-1990. I obtained the 

MRCP in 1982 and was awarded FRCP in 1994. I was a founding Fellow of 

the Royal College of Paediatrics and Child Health in 1997. I have been a 

Consultant Paediatric Neurologist since 1990. From 1990 to 2001, I was 

Senior Lecturer in Paediatric Neurology at the Institute of Child Health, 

London, with an honorary contract at Great Ormond Street Hospital. I am 

currently working part-time as a Consultant Paediatric Neurologist at 

Southampton General Hospital (6 PAs) and part-time as a clinical academic 

(6PAs) at University College London Institute of Child Health. I was 

promoted to Reader at the Institute of Child Health in 2002 and to Professor in 

2006. I have a research interest in coma, intracranial hypertension and 

ischaemic brain damage in childhood and have published widely on these 

subjects. I obtained my MD on 'Cerebral haemodynamics in children in coma' 

from the University of Cambridge in 2009. I am senior editor for the book 

'Cerebrovascular Disease and Stroke in childhood' published by MacKeith 

Press in 2011. 

I have been asked to provide a report on Adam Strain (Date of birth: 141
h 

August 1991 ). I have had access to the photocopied notes from Royal Belfast 

Children's Hospital, to some of the general practice and community paediatric 

notes, to the expert reports and to various depositions. 
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1. Adam Strain was born by emergency Caesarian section for 

delayed second stage at Term on the 14th August 1991 after an 

antenatal diagnosis of abdominal cysts. Apgar scores were 5 at 

1 minute and 8 at 5 minutes (050-022-061) i.e. there was no 

evidence of significant birth asphyxia. He had renal problems 

from birth, clinically diagnosed as renal dysplasia with posterior 

urethral valves, but possibly secondary to medullary cystic 

kidneys (050-022-061 ). He had a large number of operations on 

his urinary tract in the first four years of life, but despite all 

attempts to prevent this, he gradually developed chronic renal 

failure. 

2. Adam's head circumference at his 6 week check was 38 em, 

around the 50th centile and continued to grow along the 50th 

centile (016-095-139; 016-098-149) i.e. his head growth was 

normal so he is unlikely to have sustained a major hypoxic­

ischaemic event in infancy. 

3. Adam was fully gastrostomy-fed and had had a fundoplication 

on 19th March 1992 because he would not take any food orally 

and had evidence of gastro-oesophageal reflux. He did suck on 

bread and underwent some intensive feeding clinic (speech 

therapy) input when he was felt to have an immature up and 

down (rather than rotator) chewing action as well as reluctance 

to swallow. 

4. Adam had brief apnoeas (050-023-068, 050-023-069, 051-023-

128), episodes of jitteriness (050-023-073, 051-023-132, 051-
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023-136), jerking of the head and transient twitching of the left 

eye (e.g. on gth February 1992 050-023-088) as an infant which 

were probably within normal limits or may have been brief 

seizures. He had rigors in the context of fever on 181
h January 

1995 (057 -1 05-264) and further rigors are mentioned in Dr 

Savage's letter of 02/02/95 (016-039-070) attributed to having 

his central line flushed. On the balance of probabilities I do not 

think that any of these episodes were diagnostic of epilepsy. 

5. On 5th September 1994, Adam had a headache and was 

hearing noises in his ears (057 -1 05-264 ). This appeared to 

settle and is probably not relevant. 

6. Adam was intermittently noted to be puffy or generally 

oedematous (e.g. 054-057-150) sometimes with facial oedema 

(050-031-290) but this is not likely to be relevant to his death. 

7. Adam had cardiomegaly on chext X-ray, probably in relation to 

his chronic anaemia. 

8. Adam developed some evidence of renal osteodystrophy on 

serial X-rays of his bones. 

9. Adam had had low or very low serum sodiums, e.g. in 

November 1991 (050-022-965; 049-030-166), April 1993 (055-

053-120), December 1993 (055-054-159; 055-054-133; 055-

054-160) and June 1995 (057-041-197) and rapid decreases of 

serum sodium e.g in January and February 1992 (050-024-162; 

050024-128; 050-024-223; 050-024-215) but did not have 

seizures at these times. 
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10. Adam was sitting unsupported by 7 months and walked at 

exactly 18 months according to the developmental checklist 

from his general practice notes (016-098 2.3.92 5.2.93). At his 

30 month check (016-098 16.3.94) there is no place for circling 

as before or after this check but his gross motor/locomotion 

skills appear to have been satisfactory. However, his gross 

motor skills were under observation at his 4 year check (016-

098 18.8.95), which was undertaken after the admission for 

pyrexia of unknown origin, during which he was noted to be 

limping on his left leg. 

11. Adam had expressive language delay under observation 

documented in the developmental checklists from his general 

practice notes (016-098 16.3.94) and by his 4 year check he 

was documented to be receiving treatment for this and social 

and behavioural problems (016-098 18.8.95). A report from the 

speech therapist from February 1995 noted that he had mild 

expressive language delay in the areas of phonology and syntax 

(016-037 -067). In September 1995 he was referred for formal 

speech and language assessment (016-020-042). There is a 

brief report from this assessment, which took place on 1oth 

November 1995, stating that he had mild expressive language 

delay and would be reviewed in March 1996 (016-016-035). 

12. I also note that, although he was of average and perhaps 

superior intelligence, he was said to need input to improve his 

attention (016-037 -067). I have requested to see the full report 
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of his formal developmental assessments by Dr Cosgrave on 

1 ih September 1995. 

13. Adam was an inpatient during July 1995 with a pyrexia of 

unknown origin and a raised C-reactive protein (around 150 

when normal is <5). He was irritable and also intermittently 

limping on his left leg at this time (058-033-133) having 

apparently experienced a fall involving the left leg 3 weeks 

before. His haemoglobin fell steadily from 10.5 to 5.5 g/dl 

during this admission (058-033-121 ). Adam had aCT scan of 

the head (016-026-050) on ih July 1995 as part of the work-up 

to exclude localised infections. Dr Anslow, the expert 

neuroradiologist engaged by the Hyponatraemia Inquiry, 

reported this CT scan with contrast as normal. Lumbar puncture 

was not successful when attempted on 6th July 1995 (058-033-

017). 

14. Adam was followed by the Community Medical Officer, Dr 

Burns. He was due to start mainstream school in Reception at 

St Patrick's Primary school in January 1996 (016-013-032, 058-

015-43) where the plan was that he would have a statement of 

educational needs because of his toileting needs. There were 

also behavioural issues reported by mother at the renal clinic 

appointments. He had been referred to the Educational 

Psychologist for a full assessment. 

15. On the 261
h November 1995 a transplant kidney became 

available from a sixteen year old in Glasgow and the kidney was 
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offered to Adam's family for Adam. After some thought, mother 

consented to allow Adam to undergo the transplant. 

16. On the day before the kidney transplant Adam had a 

haemoglobin of 10.5 g/dl with a haematocrit of 0.32 (32%). His 

fibrinogen was 3.58 g/1. The day before his transplant, his 

sodium was recorded as 139 (058-035-144) and 133 mmol/1 

(INQ-0450-11) and he had evidence of chronic renal failure with 

a urea of 16 mmol/1 and a creatinine of 702 f.Jmol/1. 

17. Adam had a shorter period of peritoneal dialysis than usual 

overnight on the night of 261
h November 1995. He was supposed 

to have clear fluids through the gastrostomy overnight (058-035-

133) and fluid intravenously pre-operatively, but although 

venous access was achieved initially for a short period, the 

cannula tissued in the early hours of the morning (057-101-13) 

and venous access was not re-established. He was therefore 

given an increased rate of fluid, apparently Dextrose Saline, 

through his gastrostomy feed. Prior to his admission on 26th 

November 1995 he would already have had his three 200mls 

bolus feeds of Nutrison and his sodium bicarbonate 

supplements because he had a tendency towards 

hyponatraemia. Because of the transplant it was decided that he 

should have clear fluids overnight, which according to Dr. 

Maurice Savage did not contain sodium supplements, which 

would be stopped two hours before the transplant, to avoid 

having a stomach full of food. 
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18. Adam's transplant was delayed until the morning of the 2ih 

November 1995 so that the surgical and anaesthetic team would 

be fresh. He went to theatre at 07:00 for pre-transplant 

preparation by the anaesthetist. 

19. Although intravenous access was achieved easily as was 

intubation of the trachea and a right radial line, placement of a 

central venous line proved very difficult for Dr Taylor, the 

anaesthetist, who tried several times on the left-hand side (011-

01 0-035, 011-010-037, 011-01 0-040), but could not insert a 

catheter. Possibilities for these difficulties include intravascular 

volume depletion, as considered by Dr Taylor, and a vein having 

been ligated on this side (011-01 0-031, 011-010-041 ), although I 

note that these issues remains unresolved. Eventually a 

cannula was placed in the right subclavian vein (011-01 0-035) 

and the central venous pressure (CVP) was recorded at 17 

mmHg (058-008-023). This reading was considered by Dr 

Taylor, the anaesthetist, to be inaccurate with a response to 

increased venous pressure suggestive that it was up against a 

vesse_l wall (093-038). Adam's head was turned in theatre, 

potentially leading to some obstruction of the venous return from 

the head, also accounting in part for the difference in CVP 

between theatre (20-22 mmHg) and the Paediatric Intensive 

Care Unit (PICU; 10-12 mmHg) (011-014-1 01 ). 

20. Adam had been dialysed overnight and as he had difficulty in 

cannulating the left subclavian vein, consistent with relatively 



AS - EXPERT 208-007-076

low intravascular volume, Dr Taylor did not consider him to be 

fluid overloaded. The CVP was therefore used as a measure of 

change rather than as an absolute value and when a chest X­

ray was done later, the line was found to be in the right internal 

jugular vein in the neck rather than the heart. 

21. Induction was with Atropine 0.3, sodium thiopentone 125 mg 

and Atracurium 10 mg. Adam was anaesthetised with 

Halothane, an anaesthetic associated with an increase in 

cerebral blood flow, particularly in the occipital lobes (Reinstrup 

et al 1995). In theatre, Adam was also given 500 mg Augmentin, 

200 mg of Methyl Prednisolone and 25 mg Azathioprine (057-

021-033) as well as a further 35 mg of Atracurium to maintain 

paralysis. His eyelids were taped to prevent damage to the 

cornea. He was on a low dose Dopamine infusion (5 

meg/kg/min) throughout the procedure in an attempt to maintain 

perfusion of the donor kidney. 

22. Adam was started on a Cyclosporine infusion 3 mcg/kg/hr post­

operatively (058-005-012, 057-018-026). Azathioprine 25 mg 

daily and Methyl Prednisolone 10 mg bd were continued post­

operatively. 

23. Adam was given 500 ml of 0.18% saline 4% Dextrose between 

0700 and 0730, 500 ml of 0.18% saline 4% Dextrose between 

0730 and 0845 and 500 ml of 0.18% saline 4% Dextrose 

between 0845 and 1100 (058-003-005). 
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24. Adam's operation was complicated because of the number of 

previous operations that he had had and he lost a considerable 

amount of blood, around 1000-1200 ml according to Dr Taylor 

and the experts in their combined table, when his total blood 

volume was 1600 mi. His haematocrit had fallen from 0.32 to 

0.18 (32% to 18%) by 0932 on 2ih November 1995 and he had 

an estimated haemoglobin of 6.1 g/dl according to the blood 

gas machine, compared with a pre-operative haemoglobin of 

10.5 g/dl. This will have been associated with a reduction in 

arterial oxygen content of around 40%. This blood loss required 

replacement with 500 ml of packed cells, 250 ml given at 0930 

and 250 ml given at approximately 1045, as well as 1000 ml of 

human plasma protein fraction (HPPF) given between 0830 and 

1045. His haemoglobin at the start of the procedure was 10.5 

g/dl, fell to the estimated 6.1 g/dl during the case and was 10.1 

g/dl at the end of the procedure. Post-operatively on PICU, the 

haemoglobin was initially 10.6 g/dl and latterly 14.4 g/dl. 

Although it has been suggested by Dr Haynes that this fall in 

haemoglobin was dilutional and not haemorrhagic, I have not 

been able to find any evidence that such a large fall in 

haematocrit is a feature of the previously reported cases who 

were documented to be hyponatraemic post-operatively or 

secondary to water intoxication (see paragraph 44 ). On the 

balance of probabilities I agree with the other experts, as 
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documented in the combined table, that Adam lost blood which 

required replacement. 

25. Oxygen saturation (99-100%) and end-tidal carbon dioxide 

tension (38-43 mmHg) were maintained within normal limits 

throughout the procedure and the blood gas at 0932 showed 

normal arterial carbon dioxide tension (44.1 mmHg) and oxygen 

tension (125 mmHg) with a normal pH (7.348) and base excess 

( -0.3). 

26. At 0932 in the morning a low sodium of 123 mmol/1 was 

recorded from the blood gas machine. Post-operatively the 

sodium was 119 mmol/1. 

27. During the operation Adam's blood pressure was initially within 

the normal range (systolic 90-110 mmHg, diastolic 50-70 mmHg; 

mean 65-85 mmHg). From 0945, the diastolic pressure was 

greater than the 99.61
h centile on 5 quarter-hourly readings and 

at 1115, the systolic pressure was also greater than the 99.61
h 

centile (Jackson et al 1997). This was at least in part response 

to 2 small boluses of Dopamine (1 meg/kg) to increase the 

perfusion pressure to the larger donor kidney without increasing 

fluids (011-014) and is an essential part of the procedure for the 

transplant of an adult-sized kidney into a child, as the adult 

kidney requires a higher perfusion pressure. 

28. Although there were no large brief increases in blood pressure 

or heart rate suggestive of acute seizures or Cushing responses 

to intracranial hypertension, on the continuous recording just 
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before 1100 there were 2 small surges of blood pressure (058-

008-023) of a similar order of magnitude documented in a 

deeply unconscious patient I was involved with who had an 

intracranial pressure monitor inserted (Kirkham and Neville 

1987) and probably had circulatory compromise secondary to a 

thiopentone infusion. 

29. Adam was already hypertensive as outlined in the paragraph 

above. In addition, a recent report from the CKiD study found 

cardiac disease in 24% of children on long-term dialysis: left 

ventricular hypertrophy/enlargement in 17%, congestive heart 

failure/pulmonary edema in 8%, cardiomyopathy in 2% and 

decreased left ventricular function in 2% (Chavers et al 2011 ). It 

is possible that Adam's slightly enlarged heart, likely secondary 

to chronic anaemia, was not functioning quite as well as a 

normal heart, reducing the ability to compensate by increasing 

blood pressure acutely in response to seizures or intracranial 

pressure waves. 

30. Post-operatively Adam's blood pressure continued to rise (058-

008-022). 

31. Adam was given Diazepam on PICU (058-005-011) in case the 

increase in blood pressure was secondary to seizures, although 

this possibility was not investigated by undertaking an EEG. 

32. Adam's high blood pressure was then treated with Nifedipine 

(058-005-011 ). 
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33. Adam's central venous pressure, which was initially reading 17 

mmHg and read 20-22 mmHg for most of the operation, read 28 

mmHg after the table was raised but the dripstand with the 

transducer was not but then returned to the stable baseline of 

20-22 mmHg when re-zeroed (011-014). Adam's heart rate 

increased from 130 to 160 beats per minute. 

34. Adam failed to breathe or wake up at the end of the surgery and 

around midday on the 2yth November 1995 his pupils were 

noted to be fixed and dilated. He was transferred to PICU where 

papilloedema and retinal haemorrhages were documented in 

addition to the fixed dilated pupils. Drs Savage and Taylor spoke 

to Adam's mother. 

35. Chest x-rays post-transplant at 1320 on the 2y!h November 1995 

and at 2130 on the same day were thought by the clinicians to 

show pulmonary oedema but on review by Dr Landes the lung 

fields appear to be clear. I am not an expert in pulmonary 

physiology but my interpretation is that the chest X-ray is not 

helpful in determining the cause of Adam's death. 

36. An emergency CT scan of the brain was carried out at 

approximately 1415 on the 2y!h November 1995. As reported at 

the time, this apparently showed marked generalised cerebral 

swelling with effacement of the lateral ventricles with obliteration 

of the third ventricles, basal cisterns and sulci. Dr Anslow has 

noted that the changes were particularly severe in the posterior 

fossa and he thinks there was descent of the cerebellar tonsils 
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through the foramen magnum. The appearances were in 

keeping with the development of acute cerebral oedema 

particularly involving posterior cerebral structures but the cause 

of the cerebral oedema, e.g. excessive fluid intake or posterior 

reversible encephalopathy syndrome or cerebral venous 

thrombosis, cannot be determined without further neuroimaging 

(Petrovic 2011 ), as documented by Dr Anslow. 

37. Adam was seen by Dr David Webb at 19:30 on the 27th 

November 1995. He noted (058-035-139) severe extensive 

bilateral retinal haemorrhages and that the CT scan showed 

diffuse generalised cerebral oedema with obliteration of basal 

cisterns, fulfilling the radiological criteria for cerebral swelling. 

He felt that Adam's signs suggested that he fulfilled the clinical 

criteria for brain stem death. 

38. Adam was peritoneally dialysed overnight as his potassium was 

rising, but his blood pressure fell during dialysis and it had to be 

discontinued. 

39. Adam's ventilation was discontinued on the 28th November 1995 

and he died in his mother's arms. 

40. A post mortem was carried out on the 29th November 1995 (011-

010-034) by Dr Armour who reported the cause of Adam's death 

as cerebral oedema secondary to dilutional hyponatraemia and 

impaired cerebral perfusion during the transplant. The case was 

reported in the literature. There is ongoing uncertainty about the 

fresh and fixed weights of the brain. Dr Squier, the expert 
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neuropathologist instructed by the Inquiry, feels that the reported 

fresh brain weight was not greater than expected for a 4 year old 

child. She has pointed out that the majority of the swelling 

involves the posterior structures. She has not found any 

evidence of pre-existing cerebral malformation, hypoxic brain 

damage or ischaemic brain damage in a distribution consistent 

with reduced cerebral perfusion pressure. Dr Squier's report and 

her contributions to the expert meetings makes it clear that, 

although she cannot find any evidence for either venous sinus 

thrombosis or PRES, it is difficult to exclude these diagnoses. 

41. Acute reduction in conscious level has been reported in water 

intoxication in childhood (Boetzkes et al 2010, Radojevic et al 

2012). Interestingly, cerebral oedema was not documented on 

the CT scan of the 12 year old boy in Boetzkes' series, who 

drank 4 litres of tap water in an hour; although the weight of this 

child was not reported this is likely to represent a similar volume 

of free water ingested per kilogram per hour to the amount that 

Adam received before 1 000 on 2ih November. The results of 

any neuroimaging undertaken were not reported at all in the 

other 3 recent cases in these 2 manuscripts (Boetzkes et al 

2010, Radojevic et al 2012); as publications usually include 

positive findings it is unlikely that these children had obvious 

cerebral oedema on any neuroimaging that was performed. 

42. Arieff (1985) reported the neurological consequences, including 

fatal cerebral oedema, of hyponatraemia documented in the first 
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few post-operative days in young women and attributed the fall 

in sodium to a combination of (a) administration of excess water 

and (b) fluid retention in the context of antidiuretic hormone 

secretion. Ayus et al (1992), from the same group, published 

further data in a paper on post-operative hyponatraemia in 

menstruating women. However, this is a controversial area as 

studies from other centres have failed to find hyponatraemia in 

association with post-operative cardiac arrest (Wijdicks and 

Laeson 1994, Chawla et al 2011 ). For example, Wijdicks et al 

(1994) failed to identify a single case of post-operative 

hyponatraemia in nearly 300,000 operations in women at the 

Mayo clinic while Chawla et al found that mortality was higher in 

those with moderate compared with profound hyponatraemia 

(sodium <120 mmoi/L) and there only one patient, who had had 

a stroke, who died with cerebral oedema. Many authorities now 

consider that sick patients die with rather than from 

hyponatraemia (Chawla et al 2011 ). 

43. Arieff et al (1992) reported 16 apparently normal children given 

hypotonic fluids, mainly post-operatively, who had reduction in 

plasma sodium over several days and either died or were left 

with severe neurological handicap. There is no evidence that 

these children had papilloedema or retinal haemorrhages. 

Again, he discusses causation in terms of the combination of (a) 

administration of hypotonic fluids and (b) fluid retention in the 

context of antidiuretic hormone excretion. I have not been able 
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to ascertain from his paper or that of Moritz and Ayus (2005) 

from the same group, who quoted these cases, which of the 

patients were administered Glucose 280 mmoi/L in water 

(similar to 5% Dextrose as used in the UK) or and which 

Glucose 280 mmoi/L sodium chloride 38 mmoi/L (similar to 

0.18% saline 4% Dextrose as used in the UK). I did not receive 

a response to my email to Dr Arieff requesting further 

information on the nature of the fluids given. 

44. The data from the Toronto papers (Halberthal et al 2001, Hoorn 

et al 2004 ), again summarised by Moritz and Ayus (2005), are 

also lacking data either on the precise nature of the hypotonic 

fluid given or on the cause of death in those who died. Dr Bohn's 

email in reponse to mine requesting further information on fluids 

given did not contain information not already gleaned from his 

published papers and he made it clear that no further 

information is available. 

45. Recent work from the research group which includes Arieff, 

Ayus and Moritz has emphasised the role of additional factors in 

determining the severity of cerebral oedema in women and 

children, particularly hypoxia (Moritz and Ayus 2005, Ayus et al 

2008). 

46. In his 1992 paper, Arieff noted that most of the infants and 

children reported previously had had central nervous system 

disorders or had water intoxication. In fact, the patients in 

Arieff's series had pre-existing risk factors for central nervous 
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system disorders, including apparently minor trauma and 

orchidopexy (undescended testes are common in neurological 

disorders), or risk factors for pre- and/or post-operative hypoxia 

(tonsillitis, adenotonsillectomy, pneumonia). Dr Haynes' 

paragraph 20 responding to paragraphs 35 and 36 in my 

previous report assumes that patients undergoing 

adenotonsillectomy are at greater risk of post-operative hypoxia 

only. I now make it clear that any pre-operative hypoxic 

exposure might also have affected the behaviour of the 

mechanisms for water and ionic balance at the membrane of 

brain cells by up- or down-regulating critical genes coding for 

key proteins in brain water balance, such as the Aquaporins 

(Abreu-Rodriguez et al 2011 ), in these previously reported 

patients. 

47. I have not been able to find full blood count data from Arieff's 

series or the 2 Toronto series or the 8 French patients reported 

by Paut et al 2000 and Sicot. I emailed Drs Arieff and Bohn 

asking for haematocrit data. It is clear from Dr Bohn's reply that 

the data are no longer available from the Toronto series, while 

there has been no response to my request for further 

information from Dr Arieff. Since abnormal data are more likely 

to have been reported than normal data, on the balance of 

probabilities there is no evidence for dilutional anaemia in 

association with the hyponatraemia reported by these authors. 

In Boetzkes' second case, a 12 year old boy who drank 4 litres 
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of tap water in an hour and in who dilutional anemia was 

diagnosed, the haematocrit was 33% with a haemoglobin of 

12g/dl when the lower limits of normal at this age are 35% and 

13g/dl; alternative explanations e.g. iron deficiency were not 

excluded and the follow-up data were not reported. My 

inspection of the notes of another child under consideration by 

the Hyponatraemia Inquiry also found no evidence of a fall in 

haemoglobin (12.2 g/dl) in association with hyponatraemia and 

the administration of 0.18% saline 5% Dextrose. I therefore 

disagree with Dr Haynes that the main cause of Adam's fall in 

haemoglobin to 6.1 g/dl was dilutional anaemia and consider 

that acute blood loss is a much more likely explanation. 

48. Eleven of the 16 children in Arieff's paper had relatively low 

arterial p02 immediately after respiratory arrest. It is not clear 

whether these were the children with risk factors for hypoxia or 

risk factors for central nervous system disease. 

49. The series reporting most of these childhood deaths was from 

20 years ago (Arieff et al 1992). Neuroimaging was less 

sophisticated in the 1990s so that cerebral co-morbidities, e.g. 

pre-existing congenital malformations of the brain, which might 

be potentially epileptogenic or might predispose to cerebral 

herniation, or vascular pathologies such as venous sinus 

thrombosis or so-called 'posterior reversible encephalopathy 

syndrome' (PRES), would not have been excluded. In fact, 

although neuroimaging was reported to show cerebral oedema 
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in all 16 cases in Arieff's 1992 series, this is reported in the 

Discussion and there are no details on severity or distribution. In 

the data pulled together for the review by Moritz and Ayus 

(2005), neuroimaging is discussed mainly in the context of 

demyelination rather than cerebral oedema. 

50. Arieff's paper cited previous papers and the series has 

subsequently been extensively cited, as well as being 

reproduced in the paper by Moritz and Ayus (2005) which 

summarises the literature up to that point. I have looked at this 

literature as well as entering search terms into Pubmed e.g. 

'hyponatraemia' and 'brain death' or 'fatal' or 'CT or 'magnetic' 

or 'cerebral oedema' and have tabulated it in an excel 

spreadsheet looking at co-existing cerebral disease known prior 

to the administration of hypotonic fluids and at risk factors for 

hypoxia. As venous sinus thrombosis might be a hidden central 

nervous system condition associated with the dehydration 

consequent on conditions such as gastroenteritis which 

precipitate fluid prescription, I have also included these 

diagnoses in the spreadsheet. 

51. There are a number of children with pre-existing central nervous 

system disease who appear to have developed cerebral 

oedema associated with hyponatraemia (reviewed in Arieff et al 

1992 and Moritz and Ayus 2005). 

52. I have found 5 cases of cerebral oedema in children without pre­

existing central nervous system disease, 4 fatal and one with 
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severe neurological sequelae, where the fluid administered was 

0.18%-0.3% sodium chloride in 4 or 5% Dextrose. Two had had 

a tonsillectomy (McRae 1994) and had evidence for hypoxia 

(blood loss in one, low saturation in the other) and there were 2 

with gastroenteritis and one with dehydration (Moritz and Ayus 

2005) in whom the diagnosis of venous sinus thrombosis was 

not considered. 

53. Apart from these 4 cases, I have only been able to find case 

reports of fatal cerebral oedema in children without central 

nervous system disorders with water intoxication in the context 

of child abuse involving physical trauma as well (Arieff and 

Kronlund 1999) or the use of 5% Dextrose post-operatively 

(Paut et al 2000, Sicot 2006) or in influenza or dehydration 

where cerebral compromise is likely (e.g. Jackson, Keating 

quoted in Moritz and Ayus 2005). 

54. Seizures have been reported in hyponatraemic children with 

central nervous system conditions, e.g after scoliosis or 

craniofacial surgery (Moritz and Ayus 2005) or respiratory 

syncytial virus infections, a risk factor for hypoxia (Hanna et al 

2003). 

55. A simple way of reviewing the reported cases of hyponatraemia 

associated with hypotonic fluids is to divide those with: 

a. Pre-existing central nervous system disease 

b. Risk factors for hypoxia 

c. Risk factors for venous thromboembolism e.g. dehydration 
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And to look at whether there was 

(i) excessive water intake 

(ii) administration of intravenous Dextrose without sodium 

(iii) administration of hypotonic intravenous Dextrose with 

sodium 

And to determine whether neuroimaging and/or autopsy was 

adequate to exclude cerebral venous sinus thrombosis and 

posterior reversible encephalopathy syndrome 

56. I have not been able to find any other case of documented 

cerebral oedema or brain death in a child without a central 

nervous system condition given 0.18% saline 4% Dextrose intra­

operatively as Adam was. As discussed above, the other 

children who died having been given hypotonic intravenous 

Dextrose with sodium had risk factors for hypoxia (n=1) or risk 

factors for cerebral venous sinus thrombosis without having this 

condition excluded (n=3). 

57. Even now neuroimaging is not necessarily able to exclude all 

possible comorbidities. For example the child with fatal 

hyponatraemia after renal transplant described by Cansick et al 

(2009) had had meningitis, which may be associated with 

thrombosis of the venous sinuses (Sebire et al 2005, DeVeber in 

Ganesan and Kirkham 2011 ). 

58. Adam's renal transplant and death associated with cerebral 

oedema particularly involving posterior fossa structures occurred 

in 1995, i.e. in a similar era to Arieff's series, with similar 
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concerns that acute and chronic cerebral co-morbidities may not 

have been excluded. 

59. Adam had renal dysplasia with bilateral large cysts. His kidneys 

were abnormally shaped and he had abnormally dilated ureters. 

60. Adam also had severe feeding difficulties and expressive 

language delay. 

61. There is no neuroimaging or post mortem evidence that Adam 

had an underlying cerebral abnormality pre-operatively, although 

as Dr Anslow and Dr Squier point out, subtle abnormalities 

cannot be excluded. 

62. Dr Coulthard points out that developmental delay is common in 

children with chronic renal failure with which I concur. Problems 

with general intelligence, attention, memory and executive 

function appear to be very common (Lawry et al 1994, Jaramillo­

Solorio et al 1994, Honda et al 1998, Brouhard et al 2000, 

Madden et al 2003, Gerson et al 2006, Slickers et al 2007, 

Duquette et al 2007, Gipson et al 2007). Language problems 

have been reported in some series but tend to involve verbal 

abstraction difficulties or problems in the context of hearing loss 

(Fennell et al 1990 a,b, Gipson et al 2007). I have not been able 

to find any evidence that expressive language delay, out of 

proportion to receptive language ability, is a feature of chronic 

renal failure (CRF) in young children and on the balance of 

probabilities, I think that this is an important difference for Adam 

compared with other young children with CRF. 
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63. Dr Coulthard also states that many young children with CRF are 

fed by nasogastric tube or gastrostomy because appetite is 

reduced (Coulthard at al 2002) and he has very usefully 

provided from these data a graph illustrating this. However, I 

think that tube feeding in Adam was essential because he had a 

significant movement disorder affecting sucking, chewing and 

swallowing. On the balance of probabilities I think that this 

specific movement disorder affecting his sucking, chewing and 

swallowing is not that seen in other children with CRF and, 

together with his expressive language problems, is consistent 

with a neurological disorder affecting bulbar function. 

64. Adam had at least four risk factors for chronic or acute venous 

thrombosis which could have involved the cerebral venous 

sinuses: (i) from November 1993 he was appropriately on 

erythropoietin, which has been associated with cerebral venous 

thrombosis (Casati et al1987; Finelli and Carley 2000, Lage et 

al 2002), 1-3 times a week (16-055-096, 16-052-093, 016-045-

081,016-007-022,016-006-021,016-032-061,016-027-053, 

016-021-043, 016-018-039, 016-015-034) to stimulate his bone 

marrow as he had chronic anaemia associated with renal failure 

(ii) he was polyuric and therefore intermittently at risk of 

dehydration. For example, Adam became dehydrated during 

episodes of diarrhoea e.g. on 30th April1992 (053-027-075) and 

vomiting e.g. on 28th November 1992 (016-073-115) which 

would have put him at risk of cerebral venous sinus thrombosis 
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CSVT) which often recannalises spontaneously (iii) he was 

given Methyl prednisolone as immunosuppression for the donor 

kidney during his transplant. Venous thrombosis is a recognised 

complication of renal transplantation (Coulthard et al 2002, 

Moscarelli et al 2011 ); although the use of steroids is a 

recognised risk factor (Allen et al 1987) the link has received 

relatively little attention. Acute onset of symptoms of cerebral 

venous sinus thrombosis has been documented during 

administration of Methyl Prednisolone for multiple sclerosis 

(Stolz et al 2003) and leukaemia (Nowak-Gottl et al 2003) and 

appears to be preventable by the use of prophylactic 

subcutaneous heparin (Kalanie et al 2011, Mitchell et al 2011) 

(iv) Adam also had chronic anaemia, considered at least in part 

to be secondary to iron deficiency. Dr Coulthard in his response 

to my previous report has mainly focussed on the 

haematological results available at the time of the transplant. 

Although Adam was not iron deficient at the time of his 

transplant, he had previously had low Ferritins and had been 

appropriately been treated with iron supplementation. Both 

anaemia (Zafeiriou et al 2011 in Ganesan and Kirkham 2011) 

and iron deficiency (Sebire et al 2005, DeVeber in Ganesan and 

Kirkham 2011) are associated with cerebral venous sinus 

thrombosis in childhood. In one series red cell indices consistent 

with anaemia and iron deficiency were documented in 55% and 

52% of children with cerebral venous sinus thrombosis 
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respectively and were associated with non-recanalisation of 

previously thrombosed cerebral venous sinuses (Sebire et al 

2005). Venous sinus thrombosis associated with iron deficiency 

is also a differential diagnosis for deteriorating conscious level 

despite appropriate fluid management in diabetic ketoacidosis 

(Keane et al 2002). In addition, Adam may have had other risk 

factors for venous sinus thrombosis (DeVeber in Ganesan and 

Kirkham 2011, Petrovic 2011 ). He may have had a jugular vein 

ligated, he had a central venous line in the neck during his renal 

transplant, his head was turned, and his head was down, 

probably reducing venous flow. Chronic renal failure is also 

associated with hyperhomocysteinaemia (Merouani et al 2001 ), 

another risk factor for venous sinus thrombosis (Cantu et al 

2003, DeVeber 2011 ); it is unlikely that homocysteine would 

have been measured in Adam in the early 1990s. Venous sinus 

thrombosis may present with chronic neurological symptoms 

e.g. difficulty in using one arm and/or leg (Sebire et al 2005 

Figure 3) and is associated with acute cerebral (Sebire et al 

2005 Figure 1) and cerebellar (Eng et al 1990) swelling, status 

epilepticus and brain death (Sebire et al 2005 Figure 1, DeVeber 

in Ganesan and Kirkham 2011 ). Venous sinus thrombosis is 

difficult to exclude even in 2012 as plain CT scan misses a 

substantial proportion (DeVeber 2011 in Ganesan and Kirkham 

2011, Petrovic 2011 ). As Dr Anslow says, venous sinus 

thrombosis cannot be excluded on Adam's post-operative CT 
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scan. There are few recent autopsy data (DeVeber 2011 in 

Ganesan and Kirkham 2011 ). Dr Squier cannot find evidence for 

cortical or cerebral venous sinus thrombosis but she does not 

consider that venous sinus thrombosis was completely excluded 

at the post mortem. Chronic venous sinus thrombosis is a 

possible cause of Adam's previous rather subtle neurological 

problems not usually seen in children with CRF (feeding 

difficulties, expressive language delay, limp). Further acute 

thrombosis in the venous sinuses may have been associated 

with acute posterior cerebral oedema during the operation 

(Petrovic 2011 ). 

65. Even if there was no venous sinus thrombosis, the difficulty 

experienced in cannulating the jugular vein on the left, perhaps 

related to previous tying off of this vessel, together with the 

position of the central venous pressure line in the right jugular 

vein, and Adam's position, with the head down and turned, 

during the operation, would have reduced the opportunity for 

compensating for increasing cerebral oedema by drainage of 

blood into the jugular veins (see figure 1 ). In addition the 

reduced jugular venous drainage would have increased the 

chances of increased intracerebral venous pressure with 

engorgement of these vessels with an additional volume of 

blood and consequent increase in the volume of the contents of 

the skull and the intracranial pressure if the reserve capacity 

was exceeded. 



AS - EXPERT 208-007-095

66. I agree with Dr Coulthard that Posterior Reversible 

Encephalopathy Syndrome (PRES) is the same condition as 

hypertensive encephalopathy as recognised by renal physicians 

for many years. Dr Coulthard's response to my report gives an 

excellent account of the clinical manifestations of hypertensive 

encephalopathy and the neuroradiological findings in PRES. Dr 

Coulthard lists the clinical symptoms and signs and I agree that 

this list is comprehensive. Although Adam was anaesthetised 

and so could not have complained of headache or visual loss or 

have manifested vomiting or clinical seizures, he did have 

papilloedema and retinal haemorrhages when examined by at 

least 3 doctors post-operatively, including Dr Webb and he was 

unconscious at the end of the procedure which I consider were 

clinical signs consistent with PRES. Whilst I agree that Adam did 

not have PRES or hypertensive encephalopathy at the 

beginning of his renal transplant I disagree with Dr Coulthard as 

I think that Adam did have PRES or hypertensive 

encephalopathy clinically by the end of the procedure. Retinal 

haemorrhages are characteristic of hypertensive 

encephalopathy (Aryan et al 2005) while retinal haemorrhages 

do not appear to have been documented in fatal cerebral 

oedema associated with hyponatraemia (Moritz and Ayus 2005) 

and it has been argued that the infants reported with retinal 

haemorrhages and reduced conscious level in the context of 
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hyponatraemia may have been the victims of non-accidental 

injury (Krugman et al 2000, Rubin et al 2001 ). 

67. Adam had at least 4 risk factors for PRES. (i) From the 

continuous recording, Adam's blood pressure rose to above the 

99.61
h centile towards the end of the operation (058-008-023) 

and rose further post-operatively (058-008-022). From the 

quarter hourly readings, Adam's diastolic blood pressure went 

above the upper limit of the normal range during the operation 

after 0945 and his systolic blood pressure was above the normal 

range at 1115·. This was part of the paediatric renal transplant 

protocol related to the need to increase perfusion to the kidney 

donated by an older person. (ii) Adam required a blood 

transfusion (Sato et al 2011) because of the blood losses during 

transplantation. (iii) Adam had had Erythropoietin (Delanty et al 

1997) (iv) He was started on the immunosuppressant agents 

Azathioprine 25 mg during the renal transplant and on a 

Cyclosporine infusion immediately afterwards. PRES, which is 

not always reversible and may be fatal (Schiff and Lopes 2005), 

has been described in renal disease (Gumus et al 2009, 

Yamada and Ueda 2012), specifically after transfusion (Sato et 

al 2011) as well as in association with hypertension as covered 

by Dr Coulthard. Blood transfusion associated PRES is also well 

recognised in other conditions where there is chronic anaemia 

(Zafeiriou et al in Ganesan and Kirkham 2011) and may be 

related to the rapid transfusion of blood in a chronically anaemic 
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patient (Huang et al 2008). Immunosuppression with 

Azathioprine (Foocharoen et al 2006), as well as Cyclosporine 

(Ganesan and Kirkham 2011, Petrovic 2011 ), is also a common 

association with PRES. PRES can be associated with the 

development of more generalised cerebral oedema (Bartinski et 

al 2008a,b, Petrovic et al 2011, Ganesan and Kirkham 2011) as 

well as white matter oedema in the posterior part of the brain 

(the parietal and occipital lobes) and seizures. Dr Armour's 

report mentions white matter oedema but Dr Squier's expert 

Neuropathology report makes it clear that the aetiology of the 

oedema is difficult to determine. Neither Dr Squier or Dr Anslow 

can exclude PRES on neuroradiological or neuropathological 

grounds. Given the retinal haemorrhages, I consider it that, on 

the balance of probabilities, the development of PRES was the 

initial trigger for the development of mainly posterior cerebral 

oedema in Adam's case. 

68. CVST and PRES were not widely diagnosed radiologically in 

1995, as Dr Coulthard points out, although a review in 2011 

pointing out their similarities stated 'These diagnoses should be 

at the forefront of the differential diagnosis when confronted with 

otherwise unexplained brain edema' (Petrovic et al 2011 ). 

69. If Adam developed any primary cerebral problem, such as 

PRES, and/or cerebral venous sinus thrombosis, during 261h-2ih 

November, he would have been at risk of hyponatraemia 

secondary to compromise of the cellular sodium pumping 
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mechanism, which requires energy, as well as antidiuretic 

hormone secretion. There are no urinary sodium readings which 

might help to resolve the mechanism of the cerebral component 

to Adam's acute hyponatraemia. 

70. It is possible that the further short increases in blood pressure 

documented just before 1100 related to increases (waves) of 

intracranial pressure alone or in the context of the development 

of seizures. However, no EEG was undertaken and it is now 

impossible to prove or disprove the presence of seizures intra­

or post-operatively. During a seizure, cerebral blood flow 

increases, which increases the cerebral blood volume and 

therefore increases the risk of intracranial hypertension if the 

reserve intracranial volume is exceeded. Seizures can also 

cause brain damage in unconscious patients by excitotoxic 

mechanisms, i.e. by generating toxic chemicals in vulnerable 

regions such as the hippocampus (Scott and Kirkham 2007), 

and also if the cerebral blood flow increase does not match the 

increase in cerebral metabolic demand (Kirkham MD thesis 

2009). The key question is whether the seizures were a 

potentially reversible factor in the finding of fixed dilated pupils 

after Adam failed to breathe at the end of surgery. I would have 

done an EEG as soon as possible after he came back from 

theatre to exclude status epilepticus as a potentially treatable 

cause of his fixed dilated pupils as I was aware of the paper by 

Horwitz et al (1980) on abnormal pupillary responses secondary 
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to seizures in bacterial meningitis. However, Diazepam, an 

anticonvulsant, was given and did not make any difference so 

either (a) there were never any seizures or (b) if seizures had 

been present treating them with Diazepam on PICU could not 

reverse the cerebral herniation. 

71. The argument that Adam's acute cerebral oedema and brain 

death was caused by dilutional hyponatraemia is based on: 

a. The fall in sodium. Adam had experienced similar levels of 

hyponatraemia and similar rates of fall in sodium on a 

number of previous occasions (brief for expert neurologist 

p. 7) and had not experienced seizures or loss of 

consciousness. I have not been able to find any literature 

supporting the notion that the rate of fall of sodium is critical 

in causing cerebral oedema. Arieff (1992) did not find any 

evidence for an effect of rate of fall of sodium on outcome. 

The 12 year old boy who drank 4 litres of water in an hour 

and had a sodium of 120 mmoi/L at presentation, 

presumably a fall of at least 15 mmoles/L from the normal 

range of >135 mmoi/L, did not have cerebral oedema on CT 

scan. I would be happy to review any papers on speed of fall 

of sodium and cerebral oedema provided by the other 

experts. 

b. The evidence for generalised oedema in the lungs and the 

rest of the body. It is now clear that Adam did not have 

pulmonary oedema 
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c. Dr Armour's autopsy evidence for massive generalised 

cerebral oedema. It is now clear that there are discrepancies 

in brain weight increases which mean that the cerebral 

oedema may not have been as severe as previously 

assumed and that the cerebral oedema involved the 

posterior fossa structures more than the forebrain. Although I 

have translated the French text in Sicot's case as reporting 

cerebellar swelling, this may have referred to herniation; this 

appears to be the only case where localised posterior 

cerebral oedema was documented in association with acute 

hyponatraemia. 

d. The apparently extensive literature showing fatal cerebral 

oedema in children who had received hypotonic fluids 

containing 4-5% Dextrose and 0.18-0.3% sodium chloride, 

when many of the fatal cases appear to have received 5% 

Dextrose or to have had other risk factors for developing 

acute cerebral oedema. The case reports on which this 

hypothesis are based have not usually excluded or even 

considered aggravating factors e.g. hypoxia (Ayus et al 

2008), alternative diagnoses e.g. cerebral venous sinus 

thrombosis or predisposing conditions e.g. metabolic 

conditions or anatomical variants. 

72. In Adam's case the shift of free water into the brain along an 

osmotic gradient will have led to a degree of cerebral swelling 

and I accept Prof Gross' carefully considered estimate of a 9% 
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increase in brain volume. However, if the brain was not 

compromised, the ion exchange pumps in the cell membrane 

should have continued to pump sodium out of the brain cells and 

water should then have followed down a diffusion gradient. 

Therefore if there was a 9% increase in brain water because of 

the free water crossing down the osmotic gradient, if these 

pumps, which require energy, were functioning, the brain water 

is unlikely to have exceeded the reserve capacity and I therefore 

disagree with the statement in Prof Gross' first report that the 

brain oedema alone would have been likely to lead to fatal 

cerebral herniation. 

73. In the light of Dr Coulthard's view that some suggestions in my 

first report on the pathophysiology of Adam's failure to breathe 

post-operatively were speculative, I have carefully reviewed the 

facts of Adam's case and how they best fit the 3 possibilities that 

the experts have discussed (i) fatal cerebral oedema secondary 

to dilutional anaemia (ii) cerebral venous sinus thrombosis (iii) 

posterior reversible encephalopathy syndrome. We have no 

evidence for Adam's (a) urine output or (b) urinary sodium and 

(c) his CVP reading was unreliable. Dr Coulthard made the point 

that Adam may have stopped passing urine intraoperatively, as 

apparently occurs during renal transplantation and I wonder 

whether this may represent antidiuretic hormone secretion; 

however, again without accurate data for (a), (b) and (c) we do 

not know whether or not this occured. We do not have any 
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evid~nce that Adam had (d) seizures or (e) cerebral venous 

sinus thrombosis. We do not have (f) an accurate measure of 

his brain weight at autopsy and we cannot be sure whether or 

not he had had a jugular vein tied off on the left side. However, 

he did not have brain damage in a distribution between the 

borderzones between the anterior, middle and posterior cerebral 

arteries consistent with reduced cerebral perfusion pressure. In 

addition, he did have (A) cerebral oedema with affecting white 

matter and with a posterior predominance, (B) a blood pressure 

above the normal range for his age after 0945 and (C) retinal 

haemorrhages. I therefore think that, with the combination of this 

clinical presentation, including the presence of retinal 

haemorrhages, and the neuroradiological/ neuropathological 

distribution, on the balance of probabilities the rapid 

development of fatal posterior cerebral oedema was secondary 

to development of hypertensive encephalopathy/PRES. 

Although this was an obligatory blood pressure increase for a 

young child like Adam transplanted with an adult-sized kidney, it 

was probably the major contribution to the development of 

PRES. Neuroradiological abnormalities consistent with PRES 

have also been documented in 20-30% of patients with no 

evidence of hypertension and Adam also had some of these 

additional risk factors. 

74. In fact, there is some evidence that there is less oedema in 

PRES if the hypertension is worse (Petrovic 2011 ), perhaps 
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because there are vascular effects of prior hypertension which 

reduce the effects of intravascular volume overload. Once the 

vasogenic oedema of PRES had started and the brain had 

become compromised, the additional volume of crystalloid (free 

water) and perhaps of colloid (blood) is likely to have 

exacerbated the cerebral oedema and very recent evidence 

suggests that controlling fluid volume, e.g. with ultrafiltration or 

dialysis, may be an appropriate treatment (Gungor et al 2012). I 

am not an expert on whether dialysis or ultrafiltration could have 

been commenced in theatre during a renal transplant. 

75. The intracranial contents consist of three components; brain, 

blood (arterial and venous) and cerebrospinal fluid (Figure 1 ). 
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If there is a mass lesion or the volume of one of these 

components increases e.g. there is cerebral oedema leading to 

increased volume of the brain, there is some reserve capacity 

related to (i) reduction of venous blood volume by compression 

and/or drainage into the jugular veins and (ii) reduction of CSF 
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volume by increased absorption in the subarachnoid space over 

the brain and around the spinal cord. This is difficult to predict 

on an individual basis, but may be less in children as there is 

little cerebral atrophy meaning that the skull is almost completely 

full of brain. When the volume of the contents of the skull 

exceeds the reserve capacity, the intracranial pressure can go 

up extremely quickly because of the shape of the pressure-

volume curve. The relationship between increasing volumes and 

intracranial pressure are shown in the enclosed diagram. 
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c__ __ ln_t_ra_cr_a_n_ia_l v_o_lu_m_e __ --_ ____, In Adam's case there was brain 

swelling, documented both on the CT scan of 2th November 

1995 in comparison to that of 61
h July 1995 and at post mortem, 

particularly posteriorly. There was likely to have been a 

reduction in both potential compensatory mechanisms: increase 

in venous drainage and increase in reabsorption of CSF. Firstly 

the ability to increase venous drainage is likely to have been 

compromised because he was head down with his head turned 

and there was a central line in his right jugular vein in addition to 

the possibility of acute on chronic venous sinus thrombosis and 

a ligated left external jugular vein. The rapid development of 

posterior cerebral oedema will have pushed the cerebellum 
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down towards the foramen magnum, thus reducing access to 

the spinal sites for CSF absorption (Artru 1987) and therefore 

exacerbating a rapid increase in intracranial pressure which 

would be particularly likely to cause immediate irreversible 

compromise to the brain stem because the respiratory centre is 

in the posterior fossa. 

76. The data on minimum cerebral perfusion pressure (Chambers et 

al 2005, 2006) cited by Dr Dyer comes from children who have 

sustained a brain insult. Although, as outlined above, I believe 

that Adam had sustained a primary brain insult, there is no 

evidence that he sustained borderzone ischaemia between the 

territories of the middle and anterior cerebral arteries of the type 

typically seen if perfusion pressure is reduced below the 

minimum threshold (Newton et al 1993). 

77. In answer to paragraph 38 (1) under Requirements: It is very 

difficult to know what the expected reserve capacity in a four 

year old child would be. Because of variations in venous 

drainage and cerebrospinal fluid reabsorption it is impossible to 

state in an individual child (i) the reserve capacity (ii) what 

volume and rate of hypotonic fluid would cause death due to 

herniation from raised intracranial pressure. The relationship 

between intracranial volume and intracranial pressure is 

described by the diagram (Figure 2) but the precise point at 

which intracranial pressure starts to rise depends on the volume 

of blood, brain and cerebrospinal fluid and on anatomical factors 
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such as the point at which the cerebellar tonsils fill the foramen 

magnum, thus rapidly losing access to the spinal sites for CSF 

absorption (Artru 1987) which may be associated with rapid 

increases in intracranial pressure. 

78. In answer to paragraph 38 (2) under Requirements: If Adam's 

total body water was expanded by 1 0% over a period of two and 

a half hours it would be very difficult to estimate the volume of 

free water sufficient to cause fatal cerebral oedema because of 

the large number of unknown variables. However, as discussed 

above, I think that if the cellular ionic pumps had been working 

in a normal brain, the excess water in the brain is likely to have 

been less than the 9% estimated in Dr Gross' first report. I think 

that Adam's brain is unlikely to have been compromised from 

0700 to 0945 and thus water will have diffused out of the brain 

as the ion exchange pumps will have been functioning and the 

volume of the brain is very unlikely to have exceeded the skull's 

reserve capacity. 

79. In answer to paragraph 38 (3) under Requirements: It is very 

difficult to estimate what proportion of the free water infused 

would have contributed to Adam's cerebral oedema and what 

proportion would have diffused through other organs. 

80. In answer to paragraph 38 (4) under Requirements: As Adam's 

pupils were fixed and dilated by 1200 on 2th November 1995 

and he had evidence of cerebellar herniation on the CT scan 

performed before 1400, the fatal event almost certainly occurred 
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before 1400, and probably before 1200, rather than after that 

time. 

81. In answer to paragraph 38 (5) under Requirements: As 

discussed above I think that it is likely that venous obstruction, 

with or without thrombosis, would have been present to a 

significant degree and contributed substantially to the severity of 

the cerebral oedema in Adam's case. I do not think that the 

position of Adam's head will have made a difference to the 

distribution of oedema in the brain by itself, e.g. by gravity. 

However, the vertebral venous plexus, through which blood not 

exiting through the jugular venous system is likely to flow, is 

affected by position, being more effective in the upright rather 

than the supine position. The head down position is likely to 

further restrict venous outflow through this plexus and this may 

be critical if a compensatory reduction in blood volume is 

required in the context of an increase in brain volume. In 

addition, there is evidence for children with acute brain insults, 

e.g. secondary to head injury, that maintaining a head up 

position reduces intracranial pressure. 

82. In answer to paragraph 38 (6) under Requirements: I think that it 

is likely that Adam's cerebral oedema would have progressed 

further after 1155 on the 2th November 1995 as he was given 

cyclosporine, there may have been seizures and there is often 

massive swelling after brain stem death. The cerebral oedema 
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could have continued to progress over that period, right up until 

ventilation was abandoned twenty-two hours later. 

83. In answer to paragraph 38 (7) under Requirements: I think that 

Adam's cerebral blood flow was probably compromised by 

reduced jugular venous outflow because his head was down 

and turned to the side, regardless of whether a left jugular vein 

was tied off. Once a cerebral insult had been sustained, this is 

likely to have contributed to his ultimate gross cerebral oedema. 

In addition, if he did have seizures intra-operatively, cerebral 

blood flow may not have been adequate for the increased 

metabolic demand, which could have led to a further vicious 

cycle of acute ischaemic brain swelling, seizures and ischaemia. 

84. I have been asked to comment on page 9 of Prof Gross' report 

as follows: 

a. The possibility that Adam's blood flow was compromised 

reducing the oxygenation of blood 

Adam's haemoglobin fell from 10.5 g/dl at the start of the 

operation to an estimated 6.1 g/dl at 0932. This will have been 

associated with a reduction in arterial oxygen content of around 

40%. For the maintenance of cerebral oxygen delivery and 

avoidance of tissue hypoxia, the cerebral blood flow will have 

been required to increase by 40% and this may not have been 

possible in a child whose cerebral blood flow is already likely to 

have been increased in the context of his chronic anaemia. I 
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therefore think that the fall in haemoglobin, which I believe to 

mainly haemorrhagic rather than dilutional, is likely to have 

increased the risk of brain tissue hypoxia. I do not think a 

mechanism invoking cerebral perfusion pressure needs to be 

invoked and would point out (a) that the published data on 

cerebral perfusion pressure in children refers to those who have 

suffered a brain injury and (b) that Adam's scan and autopsy do 

not show the typical borderzone ischaemia associated with 

reduced perfusion. 

b. The relevance, if any, of the administration of dopamine to 

Adam 

I agree with Prof Gross that at the dose given, Dopamine is 

vasodilatory. In fact this vasodilatation, alongside the 

vasodilation associated with Halothane associated with 

increased cerebral blood flow in the occipital region, may 

also have reduced the capacity of the cerebral circulation to 

further vasodilate during acute anaemia so there is no need 

to invoke a vasoconstrictor mechanism for the appropriate 

use of Dopamine to have been a further risk factor for tissue 

ischaemia and hypoxia in the critical situation faced in 

Adam's case. 
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c. Explain whether or not it is possible for hypoxia to occur 

without any evidence thereof on autopsy, and give the 

reasons for your answer. 

Hypoxia has a very wide spectrum of effects on tissues 

through a variety of mechanisms at a wide range of 

exposures over a variety of time frames and with individual 

responses which are currently difficult to predict, e.g. during 

rapid ascent to altitude. It is therefore perfectly possible for 

mild hypoxic exposure, e.g. during the reduction in 

haemoglobin, to have triggered a series of events leading to 

cerebral oedema without leaving autopsy evidence 

characteristic of e.g. birth asphyxia. 

85. I have been asked by Dr Coulthard to comment on how Adam's 

case differed from other 4 year old boys with CRF undergoing 

renal transplantation. In addition to his neurological difficulties, 

including limp, feeding and expressive language problems, he 

was one of the 25% with some evidence of cardiac compromise. 

Dr Coulthard's 2002 paper from a contemporaneous series in 

the UK makes it clear that there is a mortality of 11% overall for 

children who are transplanted after requiring treatment for 

chronic renal failure in early life. In fact 4% died acutely in the 

context of transplanted kidneys which did not function. This 

compares with a total mortality of 11% but an acute mortality of 

0.8% across the entire paediatric age range (Postlethwaite et al 
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1999). Although this series did not include Adam's case as he 

required dialysis at a slightly older age, it is clear that his acute 

death was not unique in that era. 

86. I do not consider that there is any evidence that Adam's 

condition was irreversible between 0700 and 0945 because the 

additional risk factors for the development of tissue hypoxia (the 

blood loss) and PRES (the blood transfusion and the increase in 

diastolic blood pressure) did not come into play before 0930 and 

on the balance of probabilities, Adam's brain was functioning 

normally during that period of time. I think that after he became 

hypertensive, PRES gradually developed and the cerebellum 

herniated through the foramen magnum at some time between 

0945 and 1400 and probably between 11 00 and 1200 on 2y!h 

November 1995. 

87. To summarise, I do not think that hyponatraemia was the 

primary cause of Adam's death. I have found no evidence in the 

literature that infusing a high volume of free water or developing 

a low sodium over 2-3 hours, either separately or together, 

overwhelms the brain's ability to adapt sufficiently through 

extrusion of sodium through the ion channel pumps with passive 

diffusion of water out of the cell, to cause fatal cerebral oedema 

unless the brain is already compromised by hypoxia or 

ischaemia. I think that if dilutional hyponatraemia was the 

primary cause, the cerebral oedema would be more equally 

distributed whereas the distribution of oedema in Adam's case 
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Declaration 

was posterior, more in keeping with hypertensive 

encephalopathy or posterior reversible encephalopathy 

syndrome. If Adam had had hyponatraemia without hypertensive 

encephalopathy and the development of posterior cerebral 

oedema, I think he would have survived. 

I Fenella Kirkham DECLARE THAT: 

1. I understand that my duty in providing written reports and giving 

evidence is to help the Court, and that this duty overrides any 

obligation to the party by whom I am engaged or the person who has 

paid or is liable to pay me. I confirm that I have complied and will 

continue to comply with my duty. 

2. I confirm that I have not entered into any arrangement where the 

amount or payment of my fees is in any way dependent on the 

outcome of the case. 

3. I know of no conflict of interest of any kind, other than any which I have 

disclosed in my report. 

4. I do not consider that any interest which I have disclosed affects my 

suitability as an expert witness on any issues on which I have given 

evidence. 
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5. I will advise the party by whom I am instructed if, between the date of 

my report and the trial, there is any change in circumstances which 

affect my answers to points 3 and 4 above. 

6. I have shown the sources of all information I have used. 

7. I have exercised reasonable care and skill in order to be accurate and 

complete in preparing this report. 

8. I have endeavoured to include in my report those matters, of which I 

have knowledge or of which I have been made aware, that might 

adversely affect the validity of my opinion. I have clearly stated any 

qualifications to my opinion. 

9. I have not, without forming an independent view, included or excluded 

anything which has been suggested to me by others, including my 

instructing lawyers. 

10.1 will notify those instructing me immediately and confirm in writing if, 

for any reason, my existing report requires any correction or 

qualification. 

11.1 understand that; 
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1. my report will form the evidence to be given under oath or 

affirmation; 

2. questions may be put to me in writing for the purposes of 

clarifying my report and that my answers shall be treated as part 

of my report and covered by my statement of truth; 

3. the court may at any stage direct a discussion to take place 

between experts for the purpose of identifying and discussing 

the expert issues in the proceedings, where possible reaching 

an agreed opinion on those issues and identifying what action, if 

any, may be taken to resolve any of the outstanding issues 

between the parties; 

4. the court may direct that following a discussion between the 

experts that a statement should be prepared showing those 

issues which are agreed, and those issues which are not 

agreed, together with a summary of the reasons for disagreeing; 

5. I may be required to attend court to be cross-examined on my 

report by a cross-examiner assisted by an expert; 

6. I am likely to be the subject of public adverse criticism by the 

judge if the Court concludes that I have not taken reasonable 

care in trying to meet the standards set out above. 
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12.1 have read Part 35 of the Civil Procedure Rules and the accompanying 

practice direction including the "Protocol for Instruction of Experts to 

give Evidence in Civil Claims" and I have complied with their 

requirements. 

13. I am aware of the practice direction on pre-action conduct. I have acted 

in accordance with the Code of Practice for Experts. 

Statement of Truth 

I confirm that I have made clear which facts and matters referred to in this 

report are within my own knowledge and which are not. Those that are within 

my own knowledge I confirm to be true. The opinions I have expressed 

represent my true and complete professional opinions on the matters to which 

they refer. 

Fenella Kirkham MD FRCPCH 
Professor in Paediatric Neurology 
Consultant Paediatric Neurologist 
28th Mar 2012 
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As clinicians involved in care of children with stroke, we were interested in the 

paper establishing safety of anticoagulants in arterial ischemic stroke (A IS) 1. 

Nevertheless, we do not fully concur with its conclusion that the results warrant 

clinical trials with anticoagulants. Such treatment will not reach clinical equipoise vs. 

placebo, since observational studies argue in favour of aspirin vs. natural history for 

recurrence in childhood AIS. They suggest also that aspirin is equally effective as 

heparin in prophylaxis2 and probably has economic benefits in terms of hospital 

length of stay. In addition, recent studies suggest that the recurrence rate has fallen 

substantially for anterior circulation stroke3 compared with earlier cohorts4
. 

Most pediatric AIS are due to non-progressive focal cerebral arteriopathies (FCA) 

occurring in previously healthy children, often associated with basal ganglia 

infarction. Patients with basal ganglia infarction were more likely to be anticoagulated 

in Schechter's study, and although vasculopathy was less common than in other 

cohorts4
·
5

, a substantial proportion of these patients probably had FCA not diagnosed 

by cerebrovascular imaging techniques available at that time. In the FCA population, 

the current rate of recurrence is now notably inferior to the 16-50% cited by 

Schechter et al., with some evidence for an effect of aspirin5 For example, in our 

original paper describing FCA, 3 of the 4 patients not treated with aspirin recurred, 

compared with only 1 out of the 11 who received aspirin (Fisher's exact test; 

p=0.03)4
. Subsequently, of 72 additional children with cryptogenic (including FCA) 

AIS, 85% were treated with long term aspirin alone. Five (7%) had recurrence of 

stroke after a mean follow-up of 27 months, and only one out of the 54 (<1%) with 

anterior stroke. In adult AIS also, no randomised trial demonstrated advantage of 

anticoagulants over aspirin in secondary prevention. 
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As many child neurologists are using aspirin in AIS, recurrence may now be quite 

rare, except in some specific circumstances such as moyamoya, where 

revascularisation may be a better option than either anticoagulation or aspirin. 

According to these arguments, it is uncertain that a therapeutic trial comparing 

anticoagulants vs. aspirin in the general setting of childhood AIS will be justified. It 

will probably be more relevant focusing on specific populations, such as children 

suffering from longstanding thrombotic conditions or those with extracranial 

dissection and/or posterior AIS. 
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Cerebral Herniation 
in Bacterial Meningitis in Childhood 

Samuel). Horwitz, MD, Bernard Boxerbaum, MD, and John O'Bell, MD 

Among 302 infants and children with acute bacterial meningitis, the syndrome of cerebral herniation occurred in 3 
of 10 fatal cases and in 15 patients who survived. The interval from time of admission to herniation was 8 hours or 
less, and no predictive factors could be determined. Seizures occurring immediately prior to cerebral herniation 
made diagnosis more difficult. Early recognition of cerebral herniation and prompt treatment with osmotic di­
uretics can reduce the mortality of bacterial meningitis. 

Horwitz SJ, Boxerbaum B, O'Bell J: Cerebral herniation in bacterial meningitis in childhood. 

The mortality of acute bacterial meningitis in child­
hood and in infancy beyond the newborn period has 
declined during the past 20 years, from 10 to 20% [8, 
9] to as low as 2.0% [5, 8, 9]. In one recent series of 
50 cases of Hemophilus infiuenzae meningitis there 
were no deaths [6]. Increased intracranial pressure 
and resultant cerebral herniation as a mechanism of 
death in some cases of bacterial meningitis has been 
described [4, 15]. Williams et al [17] reported the 
successful treatment of that complication in 6 pa­
tients. This report focuses on cerebral herniation as a 
possible major factor in determining the outcome of 
treatment of acute bacterial meningitis based upon 
our experience with this disease over a 1 0-year 
period. 

Materials and Methods 
The records of all infants and children aged 1 month to 16 
years, admitted to Rainbow Babies and Childrens Hospital 
with bacterial meningitis during the years 1967 through 
1976, were studied retrospectively. Only those patients 
with positive cerebrospinal fluid cultures for H. influenzae 
type B, Streptococcus pnemnoniae, or Neisseria meningitidis 
were included in the study. Patients with previously placed 
ventricular shunts for hydrocephalus were omitted, but no 
other form of preexisting disease was cause for exclusion. 

Each patient's illness was assessed according to the fol­
lowing features: (1) duration of illness prior to admission; 
(2) history of serious preexisting disease; (3) level of con­
sciousness; (4) seizure activity; (5) vital signs (admission 
temperature, pulse, blood pressure, and rate and rhythm of 
respiration); (6) presence or absence of abnormal neuro­
logical signs; (7) abnormalities in the general physical 
examination; (8) results of serum sodium, potassium, 

From the Department of Pediatrics and the Division of Neurol­
ogy, Department of Medicine, Case Western Reserve University 
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Cleveland, OH. 
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chloride, carbon dioxide, and osmolality, hemoglobin, 
hematocrit, and blood culture tests; (9) volume, rate of ad­
ministration, and content of intravenous fluids; (10) cere­
brospinal fluid (CSF) cell count, protein, and glucose con­
centration; and (11) antibiotic therapy. 

The record of each patient treated for cerebral hernia­
tion was examined for the signs of herniation, including 
abnormalities in level of consciousness, pupil size and 
reaction, respiration, motor function, and oculocephalic 
reflexes. Because of the difficulty of retrospectively 
evaluating the signs of cerebral herniation, we formulated 
the following criteria to increase the probability of correct 
diagnosis: (1) that pupillary abnormalities be restricted to 
unilateral or bilateral dilatation with absence of reaction to 
light; (2) that motor abnormality consist only of decorticate 
or decerebrate posture or development of hemiparesis; (3) 
that respiratory abnormality be confined to Cheyne-Stokes 
respiration, hyperventilation, or apnea; (4) that there be 
loss of oculocephalic response or fixed oculomotor devia­
tion; (5) that clonic convulsive activity have ceased before 
the signs of cerebral herniation were recorded; and (6) that 
two or more of the clinical signs be present simultaneously. 
Those patients who did not fulfill these criteria were ex­
cluded from the clinical diagnosis of cerebral herniation. 

The occurrence of any seizures within 10 minutes prior 
to the suspected episode of herniation was recorded. The 
interval from arrival at the hospital to diagnosis of hernia­
tion was estimated to the nearest half-hour. 

The response to treatment with mannitol and corti­
costeroids was classified into three categories: rapid­
improvement in level of consciousness and disappearance 
of the other signs of herniation within 1 hour; gradual­
improvement within 1 to 6 hours; none-no improvement 
by 6 hours or death. Outcome of treatment was assessed by 
the patient's neurological condition at the time of discharge 
from the hospital. 

Received Nov 15, 1978, and in revised form Oct 1, 1979. Ac­
cepted for publication Oct 19, 1979. 

Address reprint requests to Dr Horwitz, Department of Pediat­
rics, 2101 Adelbert Rd, Cleveland, OH 44106. 

524 0364-5134/80/060524-05$01.25 © 1978 by Samuel]. Horwitz 



AS - EXPERT 208-007-133

Table 1. Clinical Data in 27 Patients with Suspected Cerebral Herniation 

Interval Signs of Herniation 
before 

Patient No. Diagnosis Level of Motor Oculocephalic Response to 
and Age (yr) (hr)a Consciousness Function Respiration Pupils Reflexes Mannitol 

1. 11 mo 6 Coma Decerebrate Normal BF Gradual 
2. 1 1 Comab HV BF Rapid 
3. 3 2 Comab Decerebrate HV BF Rapid 
4. 6 < ~ Coma Decerebrate UF Gradual 
5. 1 6 Comab Normal HV UF Normal Gradual 
6. 3 2 Stupor Normal HV BF Normal Rapid 
7. 6mo < ~ Coma Decorticate cs UF Rapid 
8. 4 < ~ Stupor Normal cs UF Rapid 
9. 15 < Vz Stupor He~iparesis HV BF FD Gradual 

10. 8 mo 1 Stuporb Hemiparesis UF Absent Gradual 
11. 7 mo 7 Comab Decorticate UR Rapid 
12. 6 < ~ Coma Decorticate Normal BF Rapid 
13. 8 1 Stupor Normal HV BF Normal Gradual 
14. 7 mo 8 Stupor Decerebrate HV BF Rapid 
15. 4 mo < Vz Coma Hemiparesis HV UR Gradual 
16. 7 mo < ~ Coma Hemiparesis BF FD Gradual 
17. 5 mo < Vz Coma Decorticate Arrest BF Absent None 
18. 2 1 Coma Normal HV UF Absent None 
19. 7 < ~ Clouded Normal Normal UR Gradual 
20. 3 mo 1 Cloudedb Normal Normal NR Rapid 
21. 5 mo 4 Cloudedb Hemiparesis Normal NR Normal None 
22. 7 < Vz Coma Normal LR Gradual 
23. 10 mo 4 Comab Normal Normal NR Rapid 
24. 7 mo 48 Cloudedb Normal Normal NR Normal Rapid 
25. 4mo 96 Cloudedb Normal Normal NR Rapid 
26. 1 mo 7 Cloudedb Normal HV NR None 
27. 4 <Vz Stupor Normal LR Gradual 

•Interval from time of admission to diagnosis of herniation. 
bPatients with seizures within 10 minutes before signs of herniation. 

BF =bilateral fixed; HV =hyperventilation; UF = unilateral fixed; CS = Cheyne-Stokes; FD = fixed deviation; UR =unequal reactive; NR = 
normal reactive; LR = large reactive. 

Results 
The total number of patients with meningttls was 
302. Of these, 221 cases were due to H. infiuenzae 
type B, 35 to S. pneumoniae, and 46 toN. menin­
gitidis. Twenty-seven patients were treated for 
suspected cerebral herniation (Table 1). Alteration 
in the level of consciousness and pupillary ab­
normalities were the most frequent physical signs 
(Table 2). Abnormalities in oculocephalic reflexes 
were recorded in only 5 patients. Twenty patients 
had two or more signs of herniation, and 7 had one or 
no signs. Eleven of the 27 had seizures within 10 
minutes prior to suspected herniation (Table 1). 
Nine of the 27 patients (Nos. 19 through 27) were 
excluded from the diagnosis of cerebral herniation 
because of failure to meet the criteria we established 
for this diagnosis. Eight of these, including 6 patients 
with seizures, had fewer than two acceptable physical 

signs. The ninth patient (No. 21) was discarded be­
cause seizure activity was present when mannitol 
treatment was instituted. 

Thus, 18 of the 302 patients (Nos. 1 through 18) 
were accepted as cases of cerebral herniation ac­
cording to our criteria, a minimum incidence of 6%. 
Eleven of the patients had meningitis due to H. 
infiuenzae type B; in 7 it was due to S. pneumoniae. 
The prevalence of clinical signs and number of signs 
per patient are shown in Tables 2 and 3. · 

All 18 patients who suffered herniation did so 
within 8 hours of admission, and 8 within a half-hour 
of that point. Coma was present at the time of admis­
sion in 4 of the 18 children (22%) and in 11 of the 
284 (3.9%) not diagnosed as having herniation. Nine 
patients suffered seizures, 4 before admission, 2 be­
fore admission and again prior to herniation, and 3 
only before herniation. There were seizures in 53 

Horwitz et al: Cerebral Herniation in Childhood Meningitis 525 



AS - EXPERT 208-007-134

Table 2. Patients with Signs of Suspected Herniation 

No. of Patients 

Suspected Diagnosed 
Sign (N = 27) (N = 18) 

Level of consciousness 
Coma on admission 5 4 
Deterioration • 15 13 

Pupils 
Unilateral fixed 6 6 
Bilateral fixed 10 10 

Unequal or large 5 0 
Respiration 

Hyperventilation 10 9 
Cheyne-Stokes 2 2 
Apnea 1 1 

Not recorded 6 4 
Motor function 

Hemiparesis 5 4 
Decorticate 4 4 
Decerebrate 4 4 
Not recorded 1 1 

Oculocephalic reflexes 
Absent 3 3 
Fixed deviation 2 2 
Not recorded 17 10 

•Patients not comatose at time of admission. 

Table 3. Prevalence of Signs of Herniation 

No. of Patients 

No. of Suspected Diagnosed 
Signs of Herniation (N = 27) (N = 18) 

0 3 0 
1 4 0 
2 3 2 
3 8 8 
4 7 6 
5 2 2 

(18. 7%) of the 284 remaining patients with menin­
gitis. Hyponatremia with serum sodium concentra­
tion below 130 mEq per liter was found at the time 
of admission in 6 children with cerebral herniation. 
No patient received more than a calculated three­
fourths of the normal maintenance intravenous .fluid 
requirement, and the administration rate and elec­
trolyte concentration of the .fluid were not unusual. 
Subsequently, in all cases, serum sodium concen­
trations were above 135 mEq per liter within 48 
hours after fluid restriction. 

Cerebrospinal fluid (CSF) cell counts from the ini-

526 Annals of Neurology Vol 7 No 6 June 1980 

tial diagnostic lumbar puncture ranged from 60 to 

more than 20,000 leukocytes/mm3 in the 18 patients 
with herniation. Six children had fewer than 1,000 
cells/mm3, Pleocytosis and changes in protein and 
glucose content of the CSF were no different than in 
the remaining 284 patients with meningitis. No cases 
were complicated by bacterial resistance to the anti­
biotic treatment. 

The response to administration of mannitol fol­
lowed by dexamethasone was rapid, with the signs of 
herniation resolving within 20 to 60 minutes in 8 pa­
tients and more gradually in 8 others. In 2 children 
(Nos. 13 and 15), the pupils again became fixed and 
dilated within 3 to 4 hours after initial treatment with 
mannitol, and a second course of the hyperosmotic 
agent induced rapid return of pupillary responses and 
improvement in the level of consciousness. 

There were 10 deaths among the 302 patients 
(3%), 7 among the 284 not diagnosed as having 
herniation (2.5%) and 3 of the 18 with this compli­
cation (17%). One of the patients who died (No. 16) 
regained consciousness following treatment with 
mannitol and dexamethasone but collapsed and died 
from congestive failure 15 hours later. Two of the 
deaths were attributed directly to herniation. Au­
topsy was obtained in only 1 of the 3 patients with 
herniation (No. 18). The clinical signs were those of 
uncal herniation with rostrocaudal progression. Re­
spiratory arrest and dilatation of the contralateral 
pupil had occurred immediately before administra­
tion of mannitol. Cerebral edema and uncal hernia­
tion were confirmed by postmortem examination of 
the brain. 

Four (27%) of the 15 patients who survived the 
episode of cerebral herniation syndrome had severe 
residua at the time of discharge from the hospital, 
including 2 with severe spastic hemiparesis, 1 with 
cortical blindness, and 1 with retardation and sei­
zures. The 3-year-old girl with cortical blindness 
gradually improved and 2 years later showed only 
mild difficulty with visual perception. By compari­
son, 16 of the 277 children (5.8%) who survived 
bacterial meningitis without ever developing signs of 
herniation had neurological sequelae at the time of 
discharge from the hospital. Two of the patients with 
herniation had preexisting disease; 1 had Hodgkin's 
disease (No. 13), and 1 had chronic mastoiditis (No. 
9). In neither instance did it appear that this con­
comitant illness contributed to the development of 
cerebral herniation or affected the outcome. Among 
the patients who did not suffer cerebral herniation 
there were 6 with underlying disease, including 2 
children with sickle-cell anemia and 1 each with 
mesenchymoma, diabetes, Down syndrome with 
leukemia, and CSF rhinorrhea. 
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Discussion 
Adams et al [1] and Smith and Landing [16] found 
cerebral edema and cerebral herniation at postmor­
tem examination in a few cases of bacterial menin­
gitis. The clinical recognition of raised inrracranial 
pressure as a serious complication of meningitis was 
made in the early 1960s. Among 29 fatal cases of 
meningitis, Dodge and Swartz [ 4] found 5 patients 
with cerebral edema at postmortem examination. 
Four of these showed temporal lobe or cerebellar 
herniation. Five patients had cerebellar herniation in 
the absence of unequivocal cerebral edema. The 
clinical history in each case suggested that brain 
swelling or herniation was contributory to or respon­
sible for death. The clinical signs consisted of coma, 
third nerve dysfunction, respiratory arrest, or com­
binations of these problems. They proposed that 
raised intracranial pressure results from impaired cir­
culation of CSF due to accumulation of purulent 
material in the subarachnoid space and ventricles, as 
well as from cerebral edema. Rischbieth [15] re­
ported that 9 of 28 patients with pneumococcal 
meningitis had clear-cut signs of tentorial herniation, 
characterized by progressive deterioration of con­
sciousness, pupillary dilatation, and extensor plantar 
responses. Two of his patients recovered after 
ventricular drainage. He concluded that profound ce­
rebral edema was the most important factor respon­
sible for the high mortality rate (50%) in his series. 
Williams et al [17] have written the only paper 
specifically directed at the problem of cerebral herni­
ation as a complication of bacterial meningitis. They 
described 7 cases of herniation, 1 fatal. The other 6 
patients survived following the use of intravenous 
urea. They did not report on the relative frequency 
of herniation in their patients. The incidence of path­
ologically confirmed herniation reported by Dodge 
and Swartz [4) was 9 (4.3%) out of 207 cases of 
meningitis. In our study we found a 6% incidence of 
cerebral herniation syndrome according to the 
criteria we established for clinical diagnosis. How­
ever, we were able to confirm the diagnosis by path­
ological correlation in only a single patient. 

The clinical diagnosis of cerebral herniation, ac· 
cording to the descriptions of McNealy and Plum 
[10] and Plum and Posner [14], is usually relatively 
straightforward. However, when seizures occurred in 
our patients, it was difficult to differentiate the signs 
of herniation from the postictal state. Seizures were 
present about the time of herniation in 5 of 7 patients 
reported by Williams et al [17], but they did not 
comment on the distinction between the postictal 
state and cerebral herniation. The pupils may be di­
lated or unequal during ot immediately after a sei­
zure [13], and oculocephalic reflexes can be tran-

siently suppressed (14]. In a study of patients with 
seizures due to various causes other than meningitis, 
6 of 12 had postictal unilateral pupillary dilatation 
[13]. The pupils retained their reactivity to light. Five 
of our 18 patients had pupillary abnormalities sub­
sequent to seizures, but in 4 of these the dilated 
pupils were unreactive. The postictal state is usually 
transient. Therefore we have concluded that pro­
longed persistence of pupillary dilatation and, more 
important, absence of reaction to light indicate the 
probability of herniation rather than postictal state in 
cases of meningitis. However, no more specific dif­
ferential diagnostic criteria were determined from 
this study or from a review of the literature. It is 
likely that seizures with accompanying hypoxia and 
hypercapnia may further elevate intracranial pressure 
in patients with meningitis, thus precipitating central 
or uncal herniation. 

Isolated and focal neurological abnormalities com­
plicating meningitis were distinguished from the 
signs of herniation by close observation over a period 
of hours. Acute hemiparesis and sixth nerve paralysis 
were the most common. One patient with an other­
wise mild case of H. injluenzae type B meningitis 
had a complete third nerve paralysis that resolved in 
one wetk. We believe the requirement of two or 
more signs for the diagnosis of herniation will reduce 
the number of patients who are treated unnecessar­
ily with hyperosmodc agents. 

The occurrence of herniation within 8 hours after 
admission in our patients is similar to the experience 
of others [4, 15]. There is a possibility that diagnostic 
lumbar puncture may precipitate transtentorial or 
cerebellar herniation in some patients with menin­
gitis [ 4]. One of our patients (No. 17) experienced 
respiratory arrest and the pupils became fixed and 
dilated immediately following lumbar puncture; an 
autopsy was not obtained. The development of signs 
of herniation in 7 other patients within a half-hour 
after admission to the hospital suggests a possible re­
lationship to lumbar puncture; furthermore, there 
were no instances of herniation before this essential 
diagnostic procedure was performed. We do not be~ 
lieve the amount of CSF removed for diagnosis, 2 to 
3 ml, is excessive. Recognition of the possibility of 
herniation within a few hours following diagnostic 
lumbar puncture should lead to close surveillance, 
prompt diagnosis, and immediate therapy. 

Hyponatremia has been reported in 54% of chil~ 
dren with H. influenzae meningitis and inappropriate 
antidiuretic hormone secretion in over 80% [5, 6]. It 
has thus been common practice to restrict the volume 
of intravenous fluid during acute treatment of 
meningitis. Although 6 of our 18 patients with herni­
ation had serum sodium levels below 130 mEq per 
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liter, all had received a restricted amount of intrave­
nous fluid. The quantity of fluid administered was 
thus not the determining factor in the early occur­
rence of cerebral herniation in these patients. Restric­
tion of the quantity of intravenous fluids may be im­
portant in preventing brain swelling and herniation 
later in the course of the disease. In this retrospective 
study we were unable to determine the incidence or 
importance of inappropriate antidiuretic hormone 
secretion. 

It has not been possible from our study to predict 
which patients will suffer herniation. Ten of our 18 
children with cerebral herniation had seizures or 
coma early in the course of meningitis, and the pres­
ence of these findings may indicate some increased 
potential for herniation. However, because of the ab­
sence of these features in 8 others and the relative 
frequency of seizures ( 18. 7%) among the total 284 
patients without signs of herniation, we must con­
clude that coma and seizures are not useful predictive 
factors. The initial findings in CSF, including the 
number of cells, gave no correlation with the sub­
sequent development of signs of herniation. 

The use of mannitol as an emergency. method of 
treatment for acute cerebral edema is well accepted. 
In our study, no problems were recognized with the 
use of this agent in the patients with herniation or in 
the 9 who were treated. but subsequently excluded 
from the diagnosis of herniation. The administration 
of corticosteroids in cases of bacterial meningitis is 
more controversial. In at least two studies, cortico­
steroid therapy had no beneficial effect on the out­
come of meningitis, although cerebral herniation was 
not specifically discussed [2, 3]. The use of large 
doses of dexamethasone together with glycerol or 
mannitol has been recommended for the treatment 
of raised intracranial pressure with bacterial menin­
gitis [7, 12]. We have administered dexamethasone, 
0. 5 mg/kg intravenously, immediately following man­
nitol in the hope of preventing the rebound ef­
fect known to occur with the use of mannitol. In 2 of 
our patients it was necessary to administer a second 
dose of mannitol because of recurrence of the signs 
of cerebral herniation. Our study does not permit any 
conclusion that the use of large doses of cortico­
steroids in acute meningitis is beneficial. On the 
other hand, we were not able to discern any short- or 
long-term adverse effect. 

The survival of 15 of our 18 patients diagnosed as 
having cerebral herniation indicates that this condi­
tion is potentially reversible, though morbidity in the 
survivors was high. The recognition and treatment of 
this complication is probably a major factor con­
tributing to the reduced mortality of acute bacterial 
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meningitis in recent years. Other measures, including 
improved anticonvulsant and fluid therapy and the 
emergence of intensive care units; may also be im­
portant. In spite of improved survival, the morbidity 
of acute bacterial meningitis remains high, and the 
goal for the future must be prevention of the disease 
by specific immunization [11]. In the interim, how­
ever, we recorrimend prompt recognition and treat­
ment of cerebral herniation as an important aspect of 
the care of children with acute bacterial meningitis. 

The authors express their appreciation to Dr Joseph M. Foley for 
his advice and assistance and to Diane Ginsburg for manuscript 
preparation. 
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Posterior reversible encephalopathy syndrome 
(PRES) and venous thrombosis are frequently 
encountered first in the emergency setting and 
share some common characteristics. The clinical 
presentation of both is vague, and the brain paren­
chymal findings of PRES may resemble those of 
venous thrombosis in some ways. Both entities 
often occur in a bilateral posterior distribution 
and may be associated with reversible paren­
chymal findings if the inciting factor is treated. 
These diagnoses should be at the forefront of 
differential diagnosis when confronted with other­
wise unexplained brain edema, among other find­
ings described in this article. 

PRES 

PRES is a clinicoradiologic entity with character­
istic symptoms and imaging features.i·2 It is clas­
sically associated with a distinct pattern of 
edema that is primarily posterior, including the 
parietal and occipital lobes (Fig. 1).i PRES occurs 
in the setting of neurotoxicity, and the accompa­
nying brain edema is reversible if the underlying 
cause is addressed.2 

Although these statements are true for classic 
cases of PRES, it is important to recognize that 
the term PRES is, in many ways, a misnomer for 
this entity. PRES is not always posterior and may 

occur primarily in the frontal lobes. In addition, 
PRES is not always reversible if the cause is not 
treated. Again, these factors are of prime impor­
tance when considering an unusual pattern of 
brain edema not otherwise explained. Also, the 
patient may not always present with an encepha­
lopathy, which is usually understood as altered 
mental status; instead, the patient may have 
various clinical presentations as described later. 
Also, the patient may not present with a syndrome. 

Clinical Presentation and Demographics 

Patients with PRES often develop headaches, 
visual disturbances (eg, blurry vision, hemianop­
sia, visual neglect, cortical blindness), seizures, 
and/or altered mental status.3- 5 Occasionally, 
these patients may develop focal neurologic defi­
cits such as paresis or hemianopsia. i ·5 Because 
the symptoms are nonspecific, PRES can be 
a diagnostic dilemma from a clinical standpoint 
unless one maintains a high clinical suspicion in 
patients with risk factors for the disease. Symp­
toms associated with PRES may develop acutely 
or over several days. i 

PRES is more prevalent in women.6 1t can occur 
over a wide age range and has been reported in 
patients aged 2 to 90 years.6 The overall incidence 
of PRES has not been established.6 The incidence 
of PRES in the setting of solid-organ transplant 
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Fig. 1. A 59-year-old woman with a history of lupus presented with mental status changes and sepsis. Axial fluid­
attenuated inversion recovery (FLAIR) MR images (A, B) show increased signal intensity in the cortex and subcor­
tical white matter of the parietal and occipital lobes bilaterally and, to a lesser extent, in the bilateral frontal 
lobes and left thalamus. Axial FLAIR images obtained on follow-up several months later (C, D) demonstrate reso­
lution of the findings without parenchymal sequelae such as encephalomalacia. The findings are consistent with 
PRES. 

ranges from 0.4% to 6%.1 In the setting of alloge­
neic bone marrow transplant with myeloablative 
marrow preconditioning and cyclosporine therapy, 
the incidence of PRES is 7% to 9%, although it 
may be as high as 16% with higher-dose myeloa­
blative preconditioning and as low as 3% with 
nonmyeloablative therapy.1 

Risk Factors and Causes of PRES 

There are many conditions associated with the 
development of PRES. Frequently seen in the 
setting of moderate or severe hypertension, 
PRES was formerly referred to as hypertensive 
encephalopathy. 1 PRES, as it is now understood 
as a distinct clinical entity, was first described in 
patients with eclampsia and renal disease and in 

those rece1v1ng immunosuppressant therapy.4
•
5 

Immunosuppressive agents most commonly 
associated with PRES include calcineurin inhibi­
tors such as cyclosporine A and tacrolimus (FK-
506).5 PRES is now also known to occur in patients 
on antineoplastic chemotherapy (especially high­
dose multidrug therapy), patients with certain 
autoimmune diseases (eg, lupus), and in the 
setting of infection, sepsis, or shock.2

•
5 

The pathophysiology of PRES is not well under­
stood. Because most patients with PRES (70%-
80%)1 have moderate to severe hypertension 
that developed either acutely or subacutely, one 
of the most commonly accepted theories is that 
severe hypertension exceeds the compensatory 
ability of the autoregulatory mechanisms of cere­
bral blood flow, ultimately resulting in vasodilation 
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and edema. 5 Some investigators have asserted 
that the degree of hypertension required to induce 
PRES depends on the patient's baseline blood 
pressure.5 Patients with baseline low-normal 
blood pressure may develop PRES if they experi­
ence a substantial increase in blood pressure, 
even if that elevated blood pressure is considered 
to be within the broad range of normal blood pres­
sure.5 In fact, 20% to 30% of patients with PRES 
may be normotensive or only minimally hyperten­
sive.1 Also, the upper limit of autoregulation may 
be increased in a chronically hypertensive 
patient. 7 

The major failing of the theory that is based on 
the collapse of the autoregulation of cerebral 
blood flow is that it cannot account for cases of 
PRES that occur in absence of severe or acute 
hypertension (20%-30%). Furthermore, by 
imaging studies, normotensive patients with 
PRES have been shown to develop greater edema 
than patients with severe hypertension.1 Other 
known causes of PRES, such as cyclosporine A 
neurotoxicity, are also not readily explained by 
this theory. An alternative theory that has been 
proposed is that of an exaggerated cerebral autor­
egulatory response leading to potentially revers­
ible vasospasm and ischemia.8- 10 More recently, 
the concept of a neurotoxic state has been intro­
duced, in which circulating toxic substances 
induce endothelial injury or dysfunction, resulting 
in the breakdown of the blood-brain barrier and 
development of edema.5 

Imaging Features 

Although the causes of PRES are diverse, the 
imaging appearance is fundamentally the same 
regardless of the cause. 7 Typically, PRES is first 
encountered on computed tomography (CT) in 
the emergency setting; however, MR imaging is 
a more sensitive modality in the detection of 
PRES. 11 The characteristic findings in PRES are 
cortical and subcortical areas of hypoattenuation 
on CT or T2 hyperintensity on MR imaging with 
a predominantly posterior distribution in the pari­
etal and occipitallobes.5 On MR imaging, the find­
ings are most apparent on fluid-attenuated 
inversion recovery (FLAIR) images.11 The imaging 
hallmark of PRES is that the findings are potentially 
reversible. Resolution of findings on follow-up 
imaging often confirms the diagnosis.6 

The reason why PRES is predisposed to involve 
the territory of the posterior circulation is uncertain 
but is thought to be related to the limited sympa­
thetic innervation of the vertebrobasilar circula­
tion.12 This sympathetic innervation assists in the 
defense of the brain against marked increases in 
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intravascular pressure, as might be seen with 
severe hypertension.11 There is an inversely 
proportional relationship between the amount of 
sympathetic innervation and the degree of paren­
chymal involvement in PRES. The posterior 
aspects of the cerebral hemispheres are more 
commonly involved in PRES because there is rela­
tively less protection via sympathetic innervation. 
However, in some cases, the protective efforts of 
sympathetic innervation in the anterior aspects of 
the cerebral hemispheres can also be overcome 
and involvement of the frontal and/or temporal 
lobes may be seen.1·5 Thus, Narbone and 
colleagues 13 have suggested that potentially 
reversible encephalopathy syndrome may actually 
be a more appropriate term for PRES. 

When areas of the brain apart from the parietal 
and occipital lobes are involved, it is sometimes 
referred to as atypical PRES.12 However, Bartyn­
ski and Boardman14 demonstrated that frontal 
lobe involvement was common as seen in 68% 
of patients (see Fig. 1). A posterior predominance 
can also be seen within each lobe. 11 For example, 
in a study by McKinney and colleagues, 11 when 
the frontal lobe was involved, the posterior portion 
of the superior frontal gyrus and the precentral 
gyrus were most commonly affected. The orbito­
frontal region was affected only in the most severe 
cases.11 Other structures that may be involved in 
PRES include the basal ganglia, brainstem, or 
cerebellum (Figs. 2 and 3).1·5 The deep white 
matter may also be affected, including the corona 
radiata, splenium of the corpus callosum, or 
internal or external capsules. 14 In descending 
order, PRES most commonly involves the parietal 
and occipital lobes, frontal lobes, inferior temporo­
occipital junction, and cerebellum.1 

Earlier, PRES was referred to as posterior 
reversible leukoencephalopathy syndrome. This 
term has fallen out of favor because it suggests 
that there is a destructive process of the white 
matter, which is not usually the case.10 The 
pathology of PRES in acute toxicity has shown 
nonspecific edema in the white matter but without 
overt inflammation, demyelination, or neuronal 
damage.2 Although parenchymal changes in 
PRES primarily affect white matter, the cortex 
can also be involved.12 In fact, FLAIR images 
show that the involvement of the gray matter is 
more extensive than was initially appreciated and 
that the development of edema may even 
commence in the cortex.3·10 Up to 94% of patients 
with PRES have cortical involvement.3 

Cerebral hemisphere involvement tends to be 
bilateral and symmetric. The lesions become 
confluent as the disease progresses. 1 Although 
typically bilateral, in a series by McKinney and 
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Fig. 2. A 22-year-old woman with a history of acute lymphocytic leukemia and mental status changes. Axial FLAIR 
MR images (A, B) show cortical and subcortical FLAIR hyperintensity bilaterally in the occipital lobes and the supe­
rior cerebellar hemispheres. FLAIR images also show mild hydrocephalus with dilatation of the lateral ventricles 
and periventricular FLAIR hyperintensity consistent with transependymal flow of cerebrospinal fluid. An axial CT 
image (C) also shows hypoattenuation in the superior cerebellum and mild hydrocephalus with dilatation of the 
lateral and third ventricles. After 2 months, follow-up MR image (not shown) demonstrated resolution of the 
findings that were attributed to PRES. 

colleagues, 11 PRES was unilateral in 2.6% of 
patients. This unilateral involvement creates 
a diagnostic difficulty because differential consid­
erations in this setting include neoplasms as well 
as infectious and inflammatory causes. 

Although severe hypertension is a major risk 
factor for PRES, it should be noted that the degree 

Fig. 3. Isolated posterior fossa PRES. Axial FLAIR 
image shows FLAIR hyperintensity in the cerebellar 
hemispheres, cerebellar vermis, and pons (arrows). 
The remainder of the brain (not shown) was 
unremarkable. 

of hypertension in patients with PRES does not 
correlate with the distribution of the imaging 
findings. 14 Furthermore, in a study by Mueller­
Mang and colleagues,5 there was no statistically 
significant difference in the location of PRES 
parenchymal signal abnormalities between hyper­
tensive and nonhypertensive patients with PRES 
related to cytotoxic or immunosuppressive drugs. 5 

In fact, there is no way to distinguish between the 
varied causes of PRES based on the imaging 
findings. 10 

If there is marked involvement of the brainstem 
or cerebellum, the edema may result in hydro­
cephalus or even brainstem compression (see 
Fig. 2}. 1 This condition is particularly true if there 
is localized mass effect on the cerebral aqueduct. 

Slight enhancement may also be seen in PRES 
(Figs. 4 and 5), although this is not consistently 
present.12 The enhancement most commonly 
occurs as mild, gyriform, leptomeningeal, or stip­
pled (see Fig. 5) cortical enhancement. However, 
some reported cases have shown enhancement 
in the deep white matter or dura in addition to 
the leptomeningeal or cortical enhancement. 1 1 

McKinney and colleagues 11 found no correlation 
between the presence of enhancement and the 
extent of FlAIR signal edema. 

Diffusion-weighted MR imaging is useful in 
PRES because it can distinguish between vasa­
genic and cytotoxic edemaY Restricted diffusion 
seen with infarction or cytotoxic edema is 
uncommon in PRES but has been reported in 
11% to 26% of patients (see Fig. 5).1 When 
present, the typical pattern is to have small, 
patchy, or punctate areas of restricted diffusion, 



AS - EXPERT 208-007-141

PRES and Venous Thrombosis 

Fig. 4. PRES with enhancement. Axial FLAIR image (A) demonstrates FLAIR hyperintensity in the cortex and 
subcortical white matter of the parietal lobes bilaterally. Postgadolinium axial T1-weighted image (B) shows stip­
pled cortical and subcortical enhancement (arrow) in the area of FLAIR hyperintensity in the left parietal lobe. 

which correspond to areas of cytotoxic edema. 
The cytotoxic edema is considerably less exten­
sive than the surrounding vasogenic edema.11 

Hemorrhage is not often associated with PRES. 
However, intraparenchymal or subarachnoid 
hemorrhage can be seen in up to 15% of patients 
with PRES (Fig. 6).1•15 In a study conducted by 
Aranas and colleagues,2 most patients with 
PRES who developed intracranial hemorrhage 
had an underlying bleeding diathesis or coagulop­
athy. The incidence of hemorrhage does not corre­
late with the blood pressure at toxicity.15 

PRES may result in vasculopathy that is demon­
strable on MR angiography. The vasculopathy can 
appear as vessel irregularity, with focal areas of 
vasoconstriction and vasodilation, diffuse areas 
of vasoconstriction, or vessel pruning (see 
Fig. 6).1 On catheter angiography, the vasculop­
athy of PRES may even result in a string of beads 
appearance that mimics fibromuscular dysplasia 
when PRES involves the internal carotid arteries 
or vertebral arteries.1 Bartynski and Boardman8 

found evidence of vasculopathy in patients with 
PRES on 30 of 43 MR angiograms and 8 of 9 cath­
eter angiograms. Follow-up MR angiography after 
treatment of PRES may demonstrate reversal of 
the vasculopathy. 1 

Potential Pitfalls 

Accurately diagnosing PRES is important to avoid 
unnecessary brain biopsies or complications of 
PRES related to delayed treatment.10 When the 
distribution of the imaging findings is archetypal 
and the clinical history is consistent with PRES, 
the diagnosis is straightforward. However, there 
may be isolated involvement in uncharacteristic 
locations (atypical PRES) such as the basal 

ganglia, brainstem, and deep white matter, making 
diagnosis difficult.1 When atypical imaging 
features of PRES (eg, an uncommon distribution 
of parenchymal changes, contrast enhancement, 
or hemorrhage) are found, clinical history is indis­
pensable in making the diagnosis. Follow-up 
imaging demonstrating resolution of the findings 
after appropriate therapy is confirmatory. 

Although CT is often used in the evaluation of 
patients in the emergency setting, the radiologist 
should be cognizant that subtle or atypical lesions 
may be missed in patients with PRES who undergo 
only CT evaluation.14 MR imaging should be 
considered for patients in whom there is a clinical 
concern for PRES without diagnostic CT findings 
or when there is difficulty in differentiating PRES 
from other conditions that can mimic its appear­
ance. For instance, vasogenic edema from PRES 
and cytotoxic edema from infarction have an iden­
tical CT appearance but are readily distinguished 
with diffusion-weighted MR imaging. 

A particularly good mimic of PRES is dural sinus 
thrombosis. The edema pattern of both conditions 
may be identical. For instance, biparietal vasogen­
ic edema can be seen in both PRES and superior 
sagittal sinus thrombosis. Dural sinus thrombosis 
is easily excluded with CT or MR venography. 

Prognosis and Treatment 

The prognosis in patients with PRES is variable but 
is typically considered to be favorable.2 In many 
patients, the clinical and imaging findings are 
completely reversible with appropriate therapy.5 

However, in some patients, PRES progresses to 
ischemia, infarction, or death.5

•
16 Patients whose 

MR images demonstrate extensive T2 paren­
chymal signal abnormalities are at a greater risk 
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Fig. 5. PRES with restricted diffusion and enhancement. Axial FLAIR image (A) shows cortical/subcortical FLAIR 
hyperintensity in the occipital lobes bilaterally as well as within the right basal ganglia. Axial diffusion­
weighted image (B) shows an area of increased signal intensity in the left occipital lobe (arrow). Axial apparent 
diffusion coefficient map image (C) shows punctate focus of low signal (arrow) along the medial margin of the 
diffusion abnormality in the left occipital lobe consistent with a small focus of restricted diffusion next to a larger 
area of vasogenic edema with increased signal. Axial postgadolinium T1-weighted image (0) shows stippled 
enhancement (arrow) in the areas of FLAIR signal abnormality in the occipital lobes. 

for a poor outcome than patients whose MR 
images show minimal parenchymal T2 changes.12 

Prognosis for patients with PRES associated with 
intracranial hemorrhage may be worse than in 
patients without hemorrhage, with increased 
morbidity and mortality. 2 In a small series by 

Aranas and colleagues/ only 28% of patients 
with PRES and intracranial hemorrhage attained 
a favorable functional outcome. It is indeterminate 
whether the poor outcome is caused by the 
hemorrhage itself or it reflects the severity of the 
disease in these patients. 2 
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Fig. 6. A 56-year-old woman with septic shock, renal failure, and thrombocytopenia developed mental status 
changes. Axial non contrast CT images (A, B) demonstrate confluent cortical/subcortical hypoattenuation involving 
more of the parietal and occipital lobes than the frontal lobes, in a pattern consistent with PRES. lntraparenchymal 
hemorrhage in the left occipital lobe is also present. Axial FLAIR MR image (C) demonstrates confluent cortical/ 
subcortical FLAIR hyperintensity in the occipital lobes as well as the intraparenchymal hemorrhage in the left occip­
ital lobe (arrow). Collapsed 3-dimensional time-of-flight MR angiographic image (D) demonstrates spasm with 
cutoff of the middle cerebral arteries bilaterally (arrows) as well as irregularity of the posterior cerebral arteries 
bilaterally (arrowheads) consistent with the vasculopathy of PRES. Follow-up catheter angiograms (£, F) display 
a normal left middle cerebral artery, consistent with resolution of the vasculopathy of PRES. 

Timely treatment is necessary to minimize the risk 
of complications in PRES.12 Treatment is aimed at 
the underlying causes. For example, in patients 
with hypertension, maintaining adequate blood 
pressure is a mainstay of therapy. In eclamptic 
patients who are refractory to medical therapy, 
delivery by cesarean section may be necessary.6 

In patients on tacrolimus, symptoms can often be 
reversed by reducing the dosage of the medication 
or withholding the medication for a few days.12 

Some physicians may also consider adding antiep­
ileptic drugs or magnesium sulfate because of the 
risk of developing status epilepticus.6 

CEREBRAL VENOUS THROMBOSIS 

Cerebral venous thrombosis is an uncommon but 
serious condition first described in the early 

nineteenth century.17•18 The estimated annual inci­
dence is 2 to 7 cases per million population per 
year.19 The myriad causes of cerebral venous 
thrombosis and the broad spectrum of clinical 
manifestations make diagnosis difficult.20- 22 

However, rapid diagnosis is vital because appro­
priate therapy can significantly curtail the risk of 
serious complications including intracranial stroke 
or death.23 

Causes and Risk Factors 

The causes of cerebral venous thrombosis are 
protean. Cerebral venous thrombosis may be 
related to local conditions that directly affect the 
cerebral veins and dural sinuses or a systemic 
process leading to a hypercoagulable state. 
Examples of local conditions affecting the cerebral 
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veins and dural sinuses include trauma to the dural 
sinuses, infection in structures adjacent to the du­
ral sinuses, or invasion or compression of the 
sinuses by neoplastic processes.21 ·24 Hypercoa­
guable states such as protein C or protein S defi­
ciency, presence of lupus anticoagulant, oral 
contraceptive use, pregnancy, or malignancy 
may also predispose to cerebral venous throm­
bosis.21·24 Dural arteriovenous fistula is also asso­
ciated with cerebral venous thrombosis,25 

although it is unclear whether this is the cause or 
result of cerebral venous thrombosis. In a study 
by Tsai and colleagues, 26 39% of patients with du­
ral arteriovenous fistula also had dural sinus 
thrombosis. In most cases, the dural sinus throm­
bosis was near the site of the dural arteriovenous 
fistula.26 

Risk factors for cerebral venous thrombosis in 
children often differ from those seen in adultsP 
Perinatal complications, such as hypoxic ischemic 
encephalopathy, are the most common risk 
factors in neonatesP In young children, head 
and neck infections (eg, otitis media, mastoiditis, 
sinusitis) are the most frequent risk factors for 
cerebral venous thrombosis.27 In older children, 
chronic diseases, such as connective tissue 
diseases, are more common causes.27 

Demographics and Clinical Presentation 

Cerebral venous thrombosis occurs in all age 
groups, although it chiefly occurs in patients 
aged 20 to 35 years. 28 Cerebral venous throm­
bosis is the cause of approximately 1% to 2% of 
strokes in young adults.29 Among children with 
cerebral venous thrombosis, neonates are the 
most commonly affected group.27 

Clinical signs and symptoms of cerebral venous 
thrombosis are often vague. Most patients with 
cerebral venous thrombosis develop generalized 
neurologic symptoms with headache, seen in 
75% to 95% of patients,21 as a common first clin­
ical symptom30; nausea is also seen.30 Papillede­
ma may be noted on physical examination, 
indicating elevated intracranial pressure.31 Some 
patients develop seizures or focal sensory or 
motor deficits (such as vision changes30 or hemi­
paresis).21 Cranial nerve palsies may occur,30 

particularly when there is involvement of the 
petrous sinuses.32 1n some cases, cerebral venous 
thrombosis may even lead to coma or death.32 

Cerebral venous thrombosis results in elevated 
venous pressure.21 ·31 In some instances, a robust 
collateral venous drainage network may mitigate 
against venous hypertension.21 However, if 
adequate collateral venous drainage fails to mate­
rialize, the venous pressure increases. As venous 

pressure increases, venous congestion develops 
with an accompanying decline in arterial perfusion 
pressure21 and a reversible compromise of oxygen 
and glucose consumption.32 1f reduction of arterial 
perfusion pressure is severe enough and pro­
longed enough, venous infarction occurs21 and 
hemorrhage may ensue.18 Again, if collateral 
venous drainage develops or recanalization 
occurs before cell death, the parenchymal 
changes identified on imaging (including vasogen­
ic and cytotoxic edema) may partially or even 
completely resolve.21 ·33 

Unlike arterial thrombosis, symptoms in cerebral 
venous thrombosis tend to develop slowly or sub­
acutely.30 The clinical manifestations of cerebral 
venous thrombosis are determined by the extent, 
site, and acuity of thrombosis.21 The clinical 
scenario may also vary over time because of 
thrombosis and concurrent endogenous throm­
bolysis and recanalization.21 

Imaging Modalities and Imaging Features 

In patients with cerebral venous thrombosis, the 
superior sagittal sinus is most commonly involved, 
seen in approximately two-thirds of patients.17 

Many patients with superior sagittal sinus throm­
bosis also have thrombus extending into the trans­
verse and sigmoid sinuses (Fig. 7).17 Deep venous 
system thrombosis (eg, thrombosis of the internal 
cerebral veins, vein of Galen, or straight sinus) is 
seen in approximately 16% of patients with cere­
bral venous thrombosis (Figs. 8 and 9}. 21 Most of 
these patients present with symptoms of intracra­
nial hypertension and may rapidly deteriorate to 
a comatose state.21 

Imaging of the cerebral venous structures may 
be performed with MR or CT venography (CTV). 
With time-of-flight (TOF) MR venography, normal 
flow results in high signal, whereas absence of 
flow yields low signal.17 ClV demonstrates 
thrombus as a filling defect within a contrast­
enhanced dural sinus or nonopacification of 
a cerebral vein. 

The most common MR venography techniques 
are 2-dimensional TOF (2D-TOF) MR venography 
and contrast-enhanced MR venography. TOF 
MR venography displays flowing blood as high 
signal. The background is dark secondary to the 
suppression of signal from stationary tissues. 
The 2D-TOF techniques are most sensitive to the 
flow that is perpendicular to the plane of acquisi­
tion.21 In areas where venous flow is parallel to 
the plane of acquisition, saturation effects can 
lead to loss of signal, which must not be mistaken 
for venous thrombosis. 17·21 With contrast­
enhanced MR venography, the paramagnetic 
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Fig. 7. Venous hemorrhagic infarction. Axial noncontrast CT image (A) shows biparietal intraparenchymal hemor­
rhages with surrounding hypoattenuation consistent with vasogenic edema. Hyperattenuation within the supe­
rior sagittal sinus suggesting hemorrhagic infarcts secondary to dural sinus thrombosis. A more caudal 
noncontrast axial CT image (B) demonstrates linear hyperattenuation along the transverse sinuses and cortical 
veins consistent with dural sinus and cortical venous thromboses. Postgadolinium axial 3-dimensional 
magnetized-prepared rapid gradient echo images (C, D) confirm the presence of superior sagittal sinus, trans­
verse sinus (arrow), and cortical venous thrombosis with filling defects found in those locations. 

effect of gadolinium shortens T1, resulting in intra­
vascular contrast enhancement.21 When 
compared with TOF MR venography, contrast­
enhanced MR venography offers superior visuali­
zation of smaller vessels with fewer problematic 
effects of turbulent flow.21 There are several 
methods for performing contrast-enhanced MR 
venography. Among the more common methods 
are the magnetized-prepared rapid gradient echo 
and volumetric interpolated brain examination 
pulse sequences. A particular advantage of these 
techniques is that the signal is not affected by 
the angle between the vessels and the scan 
plane.34 This advantage is especially helpful in 
the evaluation of the sigmoid sinuses and jugular 

bulb, which are often problematic with other tech­
niques because of artifacts and turbulent flow. 

CTV is commonly used in the emergency setting 
because it can be performed swiftly and offers 
improved visualization of small vessels when 
compared with MR venography (eg, the inferior 
sagittal sinus, basal veins of Rosenthal, and 
nondominant transverse sinus).30

•
35 In addition, 

CTV is not affected by the flow-related artifacts 
that are sometimes problematic with MR venog­
raphyY In the assessment of cerebral venous 
thrombosis, CTV has been shown to be at least 
as accurate as TOF MR venographyY·21

•
35 One 

of the disadvantages of this technique is the 
complexity of generation of maximum intensity 
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Fig. 8. Deep venous thrombosis and dural arteriovenous fistula. Axial FLAIR image (A) shows FLAIR hyperintensity 
in the right basal ganglia and bilateral thalami. Maximum intensity projection image from 2-dimensional time-of­
flight MR venography (B) demonstrates lack of flow-related enhancement in the straight sinus consistent with 
dural sinus thrombosis. On the sagittal CT angiographic image (C), there is no visualization of most of the straight 
sinus (arrow), compatible with thrombosis. Anteroposterior and lateral catheter angiograms with right vertebral 
injection (0, E) show a dural arteriovenous fistula within the straight sinus with a left posterior cerebral artery 
branch arterial feeder (arrowheads) and early filling of deep veins including the vein of Galen (arrows). On 
more delayed images (not shown), there was nonvisualization of the straight sinus, compatible with dural sinus 
thrombosis. 

projection (MIP) images from the source data 
secondary to the care that must be taken not to 
omit part of the sinus when subtracting the 
bone.21 However, Wetzel and colleagues36 

showed that CTV with multiplanar reformations 
has increased sensitivity in depiction of the venous 
anatomy compared with CTV with MIP images.30 

Sensitivity and specificity of CTV for cerebral 
venous thrombosis approach 100%.30 Neverthe­
less, a hyperdense venous thrombus can be 
mistaken for normal enhancing sinus, referred to 
as the "cord sign." Therefore, it is imperative that 
CTV be reviewed in conjunction with an unen­
hanced head CT. 30 Occasionally, chronic 
thrombus may also be difficult to detect on CTV 
because the clot may enhance, thereby failing to 
manifest as a filling defect.30 

Unenhanced CT examinations can sometimes 
demonstrate findings that raise the possibility of 
cerebral venous thrombosis. Chief among these 
findings is a hyperdense dural venous sinus or 
a dense cortical vein (Fig. 10). However, a hyper­
dense sinus is seen only in 25% of patients with 
dural venous sinus thrombosis. Other potential 
causes of increased dural sinus attenuation 
include dehydration and polycythemia. 16•21 

Comparison of the density of dural venous sinus 
with that of the arteries can be helpful in differenti­
ating dural venous sinus thrombosis from physio­
logic causes of increased attenuation. If venous 
sinus hyperdensity is identified on unenhanced 
CT, this should be further evaluated with CTV or 
MR venography. Nonspecific findings, such as 
edema or parenchymal hemorrhage, not 
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Fig. 9. Deep venous thrombosis with thalamic and basal ganglia infarcts. Axial noncontrast CT images (A, B) show 
confluent hypoattenuation in the left thalamus and left basal ganglia (arrow in A) as well as subtle hyperatten­
uation along the deep veins (arrowheads on A and arrow on B), suggesting thrombosis. Axial diffusion-weighted 
image (C) shows restricted diffusion in the left thalamus (arrow) consistent with acute infarction. Maximum 
intensity projection MR venographic image (O) demonstrates lack of flow-related enhancement in the internal 
cerebral veins, vein of Galen, and straight sinus, consistent with thrombosis. Axial gradient echo images (E, F) 
demonstrate blooming of susceptibility artifact within the deep veins (arrow in E and arrowhead in F) and 
straight sinus (arrow in F) caused by deep venous thrombosis. 

conforming to an arterial territory can sometimes 
suggest the diagnosis of venous thrombosis and/ 
or venous infarction. Rarely, subarchnoid hemor­
rhage may be the sole finding in cerebral venous 
thrombosis 18 and should be considered in patients 
without an identifiable cause for subarachnoid 
hemorrhage. 

Unenhanced conventional MR imaging can 
sometimes raise the specter of cerebral venous 
thrombosis and is more sensitive than noncontrast 
CT in the identification of cerebral venous throm­
bosis. 21 Thrombosis should be considered when 
there is loss of an expected dural venous sinus 
flow voidY·21 With careful review, this finding 
may be seen in 80% of patients with cerebral 
venous thrombosis.17 However, turbulent or slow 
flow can also affect dural venous sinus signal 

and is a potential pitfall, particularly at the jugular 
bulb.21 When dural venous sinus thrombosis is 
present, venous sinus signal abnormalities are 
typically seen on multiple sequences. The appear­
ance of a venous thrombus on T1- and T2-
weighted images varies with the age of the 
thrombus (Table 1). On gradient echo MR images, 
magnetic susceptibility artifact related to deoxy­
hemoglobin or methemoglobin may sometimes 
be a helpful diagnostic adjunct in the detection of 
dural venous sinus thrombosis (Fig. 11).21 

However, chronic thrombus may not be associ­
ated much with gradient susceptibility artifact. 19 

The reason for this is unclear but may be because 
of elimination of blood breakdown products by 
macrophages during the process of thrombus 
organization. 19 In some cases, a dural venous 
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Fig. 10. Isolated cortical vein thrombosis. Axial noncontrast CT images (A, B, and C) demonstrate a curvilinear hy­
perdense structure (arrowheads) along the left parietal lobe consistent with a thrombosed cortical vein. A large 
intraparenchymal hemorrhage with surrounding hypoattenuation consistent with vasogenic edema is seen in the 
left parietal lobe in image C, compatible with a venous hemorrhagic infarct. Axial CT angiographic image after 
left parietal craniectomy for decompression (0) shows a filling defect (arrowhead) within an enlarged left pari­
etal cortical vein consistent with thrombus. Axial postgadolinium 3D magnetized-prepared rapid gradient echo 
images after left parietal craniectomy for decompression (E, F) confirm the filling defect (arrowheads) in the left 
parietal cortical vein consistent with thrombus. Lateral view of a catheter angiogram in the venous phase (G) also 
shows the filling defect in the parietal vein (arrowhead), confirming the venous thrombosis. 

sinus thrombus may demonstrate restricted 
diffusion. 21 

Conventional contrast-enhanced CT or MR 
imaging of the brain can sometimes provide clues 
to the diagnosis of dural venous sinus thrombosis. 
The empty delta sign is characterized by the pres­
ence of a central intraluminal filling defect sur­
rounded by contrast-enhanced dural collateral 
venous channels and cavernous spaces in the 
sinus wall. This sign is diagnostic of dural venous 
sinus thrombosis.21 •

37 Although the empty delta 
sign is very specific for the diagnosis of dural 
venous thrombosis, its sensitivity is only approxi­
mately 30%.37 Subacute thrombus on postcon­
trast T1-weighted MR images may display 
increased signal intensity that may occasionally 
simulate the signal of flow.35 However, subacute 
thrombus rarely achieves the very bright signal 
intensity of normal flow.24

•
35 But chronic organized 

dural venous sinus thrombus may enhance.21 As 
a thrombus ages, it is invaded by fibroblasts and 
endothelial-lined channels, converting it to a vas­
cularized tissue that enhances.19

•
21

•
37 Contrast 

enhancement in the dural venous sinuses does 

not definitely exclude thrombosis, and even 
contrast-enhanced MR venography may have 
a decreased sensitivity for chronic thrombus.21

•
37 

Because the length of time required for chronic 

Table 1 
MR signal characteristics of thrombus versus 
thrombus age 

Age of 
Thrombus 

Acute 
(0-5 d) 

Subacute 
(6-15 d) 

Chronic 
(> 15 d) 

Signal Characteristics 

lsointense on T1-weighted 
images 

Hypointense on T2-weighted 
images 

Hyperintense on T1- and T2-
weighted images 

Variable signal characteristics 
but typically isointense on 
T1-weighted images and 
isointense to hyperintense 

··-· _()11 T_2~\(IJeight(;!cJill1i:lg_es __ 
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Fig. 11. Chronic superior sagittal sinus thrombus on 2D-TOF MR venography and postgadolinium volumetric 
interpolated brain examination (VI BE) MR venography. Axial gradient echo image (A) shows susceptibility artifact 
(arrows) in the frontal lobes bilaterally consistent with intraparenchymal hemorrhages. MIP image from 2D-TOF 
MR venography (B) shows subtle nonocclusive filling defect (arrow) within the superior sagittal sinus consistent 
with chronic thrombus. Postgadolinium VIBE MR venographic image (C) in the same patient demonstrates 
thrombus (arrow) in the superior sagittal sinus to better advantage. 

thrombus to begin to demonstrate significant 
enhancement is unclear, it is helpful to perform 
both contrast-enhanced and TOF MR 
venography.19 

Parenchymal abnormalities are seen in many 
patients with cerebral venous thrombosis. Paren­
chymal abnormalities include edema (vasogenic 
or cytotoxic), hemorrhage, or enhancement. 
Edema may manifest as areas of hypoattenuation 
(on CT) or T2 hyperintensity (on MR imaging) 
involving cortex, white matter, or both. Unlike arte­
rial infarcts that are typically transcortical, intrapar­
enchymal changes in cerebral venous thrombosis 
are often subcortical.29 Mass effect is also seen in 
most patients, 33 but it should be noted that the 
edema leading to parenchymal swelling does not 
always manifest as parenchymal attenuation or 
signal abnormalities. In fact, there may be 
evidence of parenchymal swelling with sulcal or 
ventricular effacement in up to 42% of patients 
without associated parenchymal attenuation or 
signal abnormalities.21 

Approximately one-third of patients with cere­
bral venous thrombosis develop intraparenchymal 
hemorrhages (see Fig. 11).21 This development 
may be related to continued arterial perfusion in 
areas of infarction or venous hypertension beyond 
a critical limit.21 The hemorrhages are typically 
cortical with subcortical extension. 21 Cerebral 
venous thrombosis may also result in subarach­
noid hemorrhage22 related to rupture of dilated 
cortical veins. 22 

Enhancement patterns that have been 
described in patients with cerebral venous throm­
bosis include parenchymal enhancement (often 
gyral in location), tentorial enhancement, leptome­
ningeal enhancement, and prominent cortical 
venous enhancement. 21 

The location of the parenchymal abnormalities 
usually reflects the site of thrombosis. For 
instance, edema or hemorrhage in the bilateral 
frontal, parietal, and occipital lobes is typical of 
superior sagittal sinus thrombosis,23 whereas 
deep venous thrombosis often affects the thalami 
that have primary venous pathways draining into 
the internal cerebral veins. 21 The characteristic 
parenchymal finding in patients with deep cerebral 
venous thrombosis is thalamic hemorrhage or 
bilateral thalamic edema, with occasional involve­
ment of the caudate nuclei and deep white 
matter.21 Unilateral thalamic parenchymal findings 
in deep cerebral venous thrombosis are rare.21 

Although the distribution of parenchymal abnor­
malities may suggest the site of thrombosis, there 
are some atypical cases.21 For example, dural 
sinus thrombosis may result in edema or hemor­
rhage in the supratentorium as well as in the cere­
bellum and brainstem.23 

Isolated cortical venous thrombosis without 
associated dural sinus thrombosis is rare 
because both the thromboses are usually related, 
with the thrombus extending in a retrograde 
manner from the thrombosed sinus. 29 Many 
patients with isolated cortical venous thrombosis 
either have a coagulopathy or a chronic inflam­
matory disease such as inflammatory bowel 
disease.21 The typical finding in cortical venous 
thrombosis is a hyperdense or hyperintense 
cortical vein that shows blooming on gradient 
echo images.21 There may or may not be associ­
ated edema or hemorrhage in the parenchyma 
drained by the vein. Occasionally, cortical venous 
thrombosis may be detected on MR venography 
as loss of flow-related or contrast-related 
enhancement within the thrombosed cortical 
vein. The thrombosis of the main draining vein 
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of a developmental venous anomaly associated 
with a thrombosed venous varix and thrombosed 
cortical vein is shown in Fig. 12.21 

Potential Pitfalls 

With cerebral venous thrombosis, the average 
delay from onset of symptoms to diagnosis is 7 
days.30 Many clinical conditions including arterial 
stroke, brain tumors, encephalitis, and benign 
intracranial hypertension may mimic cerebral 
venous thrombosis.18 Clinical diagnosis of cere­
bral venous thrombosis is further complicated by 
vague nonspecific symptoms. If a high index of 
suspicion is not maintained in such patients 
without a clear alternate diagnosis, then diagnosis 
of cerebral venous thrombosis is often missed. 
Cerebral venous sinus thrombosis should always 
be considered in young or middle-aged patients 
with atypical or severe headache or with strokelike 
symptoms in patients without the usual risk factors 
for stroke.30 The diagnosis should also be sus­
pected when imaging demonstrates localized 
cerebral edema or infarction that does not 
conform to an arterial vascular territory.29 

F G 

Although positive findings of cerebral venous 
thrombosis (eg, hemorrhagic venous infarcts, the 
dense vein sign on unenhanced CT, and the empty 
delta sign on contrast-enhanced CT) are helpful, it 
must be kept in mind that positive findings on 
screening examinations are only seen in a minority 
of patients with cerebral venous thrombosisY 
When there is concern for cerebral venous throm­
bosis, CTV or MR venography must be performed. 

When evaluating for cerebral venous sinus 
thrombosis, the radiologist must be aware of 
several potential pitfalls, including dural venous 
sinus asymmetry, slow flow in a hypoplastic sinus 
on TOF MR venography, variant sinus confluence 
anatomy, arachnoid granulations, intrinsic 
thrombus signal on TOF MR venography, and 
sinus signal intensity variations. Dural venous 
sinus asymmetry is relatively common, with the 
right transverse sinus typically larger than the 
left. Furthermore, a dural venous sinus may be 
hypoplastic or atretic. With 2D-TOF MR venog­
raphy, the radiologist may not be able to differen­
tiate a hypoplastic or atretic sinus from dural 
venous sinus thrombosis. 34 Slow flow in hypo­
plastic dural venous sinuses may manifest as 

H 

Fig. 12. A 27-year-old woman with new-onset right-sided seizures. (A) and (B) are noncontrast axial CT images 
demonstrating hyperdense material (arrows) in the left parietal lobe. CT angiographic images (C, D) show that 
this hyperdensity corresponds to a filling defect within the main draining vein of a large left parietal develop­
mental venous anomaly (arrow in C) and an associated venous varix (arrow in D). The filling defect is consistent 
with thrombus. Axial postgadolinium 3D magnetized-prepared rapid gradient echo (MP-RAGE) image (E) shows 
thrombus extending into a cortical vein (arrowhead) associated with the left parietal venous varix (arrow). The 
left parietal developmental venous anomaly (arrows) is well demonstrated on coronal and sagittal postgadoli­
nium 3D MP-RAGE images (F, G). Postgadolinium sagittal volumetric interpolated brain examination MR veno­
graphic image (H) confirms the filling defect (arrow) in the venous varix associated with the developmental 
venous anomaly. 
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flow gaps on TOF MR venography because the 
flow-related enhancement may be insufficient to 
distinguish it from stationary tissue.35 

TOF MR venography is prone to signal loss from 
saturation effects when the direction of blood flow 
is parallel rather than perpendicular to the acquisi­
tion plane. 19•21 This signal loss may cause a flow 
gap simulating thrombosis.19•

35 Misdiagnosis of 
cerebral venous thrombosis can often be averted 
in these settings by referring to the source images 
as well as TOF MR venographic images obtained 
in an orthogonal plane. 

A high or asymmetric bifurcation at the torcular 
Herophili can be mistaken for thrombus (pseu­
doempty delta sign). This pitfall can be avoided 
by careful evaluation of the source and reformat­
ted images. 

Lesions that protrude into or invade a dural 
venous sinus may mimic a thrombus. Arachnoid 
granulations, which normally extend into the dural 
venous sinuses, can cause defects that may be 
misdiagnosed as thrombi, particularly if they are 
large (Fig.13). Arachnoid granulations are typically 
focal round defects with a signal intensity or atten­
uation similar to that of the cerebrospinal fluid.21 

Although the granulations may occur anywhere in 
the dural venous sinus system, they are most 
commonly seen in the transverse sinus or superior 
sagittal sinus. In the transverse sinus, they are 
commonly seen in the lateral transverse sinus, 
the drainage site for the vein of Labbe, and lateral 
tentorial sinus.21 A tumor such as a meningioma 
may also invade or cause mass effects on a dural 
venous sinus, simulating a thrombus.35 

Increased signal intensity associated with 
subacute thrombus can sometimes simulate 
normal flow on T1-weighted TOF or contrast­
enhanced MR venography. Review of the source 
images usually helps in differentiation.21

•
30 Also, 

the signal of subacute thrombus is rarely as high 
in signal intensity as normal flow. Organized 
chronic thrombus is also a potential pitfall on T1-
weighted images, because enhancement related 
to chronic thrombus may simulate the contrast­
enhanced MR venography of a patent sinus.19 

Small flow voids may be seen within chronic 
thrombus on T2-weighted images. 

CT venograms and MR venograms are often 
displayed with an MIP algorithm. This technique 
displays the highest intensity pixel in the volume 
along a ray perpendicular to the viewing screen.35 

The advantage of this technique is that it enables 
the viewing of the high-density or high signal inten­
sity vessels through the relative low-density or low 
signal intensity brain parenchyma.35 However, 
because MIP images emphasize the brightest vox­
els in a vessel, the thrombus may be obscured by 
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the surrounding high-density contrast on CTV or 
high signal intensity flow on MR venography.35 

Thus, the source images should always be con­
sulted when reviewing MIP images.35 

Subdural hematoma along a dural venous sinus 
may be mistaken for acute dural venous throm­
bosis on unenhanced CT or MRY 

Spin-echo imaging can sometimes demonstrate 
artifactualloss of the expected dural venous sinus 
flow void because of flow-related enhancement or 
echo rephrasingY Venous signal abnormalities 
caused by turbulent flow are especially problem­
atic at the level of the jugular bulb. 

and Treatment 

The most severe complications of cerebral venous 
thrombosis include intracranial hemorrhage, 
venous infarct, and death. Reported mortality rates 
of cerebral venous thrombosis range from 5% to 
30%.18

•
28

•
29 Factors associated with a poor prog­

nosis of cerebral venous thrombosis include 
infancy, advanced age, thrombus largely affecting 
the deep venous system or cerebellar veins, and 
rapid onset of coma and focal neurologic deficits. 28 

Treatment option for cerebral venous throm­
bosis includes intravenous heparin or intradural 
thrombolysis.20•31 Anticoagulation and/or throm­
bolytic therapy can improve clinical outcome in 
cerebral venous thrombosis. 18 Anticoagulation 
with intravenous heparin halts the progression of 
thrombosis and allows the body's endogenous 
thrombolytic process to achieve partial or 
complete recanalization.28 With heparin therapy, 
approximately 70% of patients achieve complete 
recovery.28 Even in the presence of hemorrhage, 
heparin therapy can greatly improve outcome 
and reduce mortality.24 

Thrombolysis is most commonly used in 
patients whose clinical status worsens while on 
anticoagulation.20 Thrombolysis is most often 
accomplished with a pharmacologic agent such 
as tissue plasminogen activator. Hemorrhage or 
massive venous infarction is not a contraindication 
to thrombolysis in the setting of cerebral venous 
thrombosis, unlike with arterial occlusion.23 In 
patients with poor response to intradural throm­
bolysis, rapid neurologic deterioration, or contrain­
dication to pharmacologic thrombolysis, 
mechanical thrombectomy with a rheolytic cath­
eter may be attempted.28 Mechanical thrombec­
tomy may also be considered as an adjunctive 
therapy in patients undergoing pharmacologic 
thrombolysis.31 

Treatment of chronic thrombus is controversial 
because it may not respond as well to anticoagu­
lation as acute thrombus.19 
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Fig. 13. Arachnoid granulations. Noncontrast axial CT image (A) demonstrates a focus of cerebrospinal fluid (CSF) 
attenuation (arrow) within the left transverse sinus consistent with an arachnoid granulation. Axial postgadoli­
nium 3D magnetized-prepared rapid gradient echo (MP-RAGE) image (B) shows a filling defect (arrow) in the 
distal left transverse sinus with a typical location and appearance of an arachnoid granulation. Coronal postga­
dolinium 3D MP-RAGE image (C) shows an unusually large arachnoid granulation (arrow) as a filling defect in the 
distal left transverse sinus. Axial T2-weighted image (D) depicts a round T2 hyperintense structure (arrow) in the 
superior sagittal sinus demonstrating CSF signal and is compatible with an arachnoid granulation. 

SUMMARY 

PRES and venous thrombosis are discussed 
together in this article because both these entities 
have vague clinical presentations and similar 
imaging findings and radiologists may be the first 
to suggest the diagnosis. When brain edema and 
intraparenchymal hemorrhage occur without 
respecting vascular territories, or are above and 
below the tentorium, both entities should be 

considered in the differential diagnosis. It is crucial 
to be familiar with these entities when reading 
emergency neuroradiology studies. 
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Associated with an Increased Risl< of Developing 
Cerebral Venous Thrombosis 
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Anecdotal reports linked high-dose corticosteroid ( CS) treatment 
in multiple sclerosis (MS) to an increased risk of developing cerebral 
venous thrombosis (CVT) [1, 2]. Because high doses of CS are rou­
tinely delivered in a wide variety of other neurological and medical 
disorders, such an association may have an impact on prophylactic 
strategies against venous thromboembolism during CS treatment. In 
this respect, CVT provides a better model than deep venous throm­
bosis of the extremities because it is less influenced by circumstantial 
risk factors, such as immobilization. 

In a cohort of 120 consecutive patients with acute CVT, diag­
nosed either by digital subtraction angiography or magnetic reso­
nance (MR) imaging and MR angiography, we identified 4 patients 
who developed CVT during intravenous CS treatment (::o: 500 mg/ 
day over 5 days) for a relapse of a definite MS according to Poser's 
criteria. Furthermore, 2 patients with optic neuritis developed CVT 
during high-dose CS treatment. Overall, this amounts to 5% of 
patients who developed CVT during CS treatment, a rate as high as 
could be expected in protein Cor S deficiency [3]. In all of the cases 
the temporal latency to CS treatment was striking. A causative link 
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Table 1. Clinical and demographic data of 120 patients with CVT 

a Total patient cohort (n = 120) 

Sex(M/F) 
Age, years, means ± SD (M/F) 

Inherited risk factors 1 

Factor V Lei den mutation 
Prothrombin polymorphism 
Other coagulopathics 

Acquired risk factors 
Lupus anticoagulant 1 

Pregnancy and postpartum thrombosis 
Oral contraceptives 
Malignancies 
Other 

28/92 (23177) 
48 ± 18/39 ± 16 

7/67 (1 0.4%) 
10/67 (14.9%) 
6/67 (8.9%) 

8/67 (11.9%) 
23 (19.2%) 
46 (38.3%) 
12 (10.0%) 
5 (4.2%) 

b Six patients with CVT related to high-dose methylprednisolone 
treatment 

Patients 
Relapse of multiple sclerosis 4 
Optic neuritis 2 

Dosage 
500-1,000 mg/day for 5 days i.v. 6 
i.v. treatment followed by 1-1.5 mg/kg/day 

orally for at least 10 days 4 
Latency between CS Tx 

During treatment 4 
CVT 

<3 days 2 
Lumbar puncture 

Optic neuritis 22 
Multiple sclerosis 13 

Other risk factors 
Oral contraceptives 3 
Smoking 4 
Coagulopathies 0 

Symptoms 
Persistent headaches 5 
Seizures 4 
Focal neurological deficits 3 

Unless otherwise stated, data are actual number with percentages 
in parentheses. Tx = treatment. 
1 Only 67 patients (56%) had uniform screenig for coagulopathics 
(Factor V Leiden, prothrombin polymorphism, antithrombin III, 
protein C and S, plasminogen deficiencies, lupus anticoagulant). 
2 Six and 26 days prior to CVT. 

Nineteen days prior to CVT. 

248 

between preceding lumbar puncture and the development of CVT 
has been discussed in the past [4]; however, the temporal relationship 
between lumbar puncture and CVT is at best weak in our patients. 
Only 1 MS patient received a lumbar puncture 19 days prior to CVT. 
Hence, suggesting an association between CS treatment and CVT 
seems justifiable. Table 1 summarizes demographic and clinical data 
of the CVT patients. 

Based on recent prevalence data of MS in Germany (100 per 
100,000 inhabitants) [5], a rough estimate of the expected frequency 
ofMS cases in the CVT cohort would be one case at maximum. This 
results in a crude odds ratio for the development of CVT in MS 
patients treated with high-dose CS of 34.4 (95% CI 12.5-95.2, p < 
0.00 I), a risk higher than that attributed to heterozygous protein C 
deficiency [3]. However, this odds ratio has to remain crude because 
of the obvious difficulties to recruit a suitably matched control group. 
Furthermore, a potentiation of the CS effect by acquired and inher­
ited risk factors is conceivable. In 67 of the 120 CVT patients, who 
had a uniform work-up for coagulopathies specified in table 1, we 
found an incidence of more than 30%. More than 50% of patients 
had one or more acquired risk factors. None of the 5 patients who 
developed CVT during CS treatment and had received uniform 
screening for coagulopathies had a thrombophilic factor. One of the 
patients with presumed CS-related CVT was screened for protein C 
and S as well as for an AT III deficiency, without pathological result. 
The latter patient died of brain herniation. Other laboratmy test sys­
tems for screening were not routinely available at this time. However, 
at least 3 of these patients had accepted acquired risk factors for 
CVT. 

Our data imply that high-dose CS treatment is associated with an 
increased risk of developing venous thrombosis when other risk fac­
tors are present, and that prophylactic low-dose heparin treatment 
may be warranted in these patients. Severe headaches, seizures or 
new focal neurological signs in such patients should lead to the exclu­
sion of acute CVT. 
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Summary 
Neuroimaging and management advances require review 
of indications for excluding cerebral venous sinus 
(sinovenous) thrombosis (CSVT) in children. Our goals 
were to examine (i) clinical presentations of CSVT, (ii) 
prothrombotic risk factors and other predisposing 
events, (iii) clinical and radiological features of brain 
lesions in CSVT compared with arterial stroke, and 
(iv) predictors of outcome. We studied 42 children 
with CSVT from five European paediatric neurology 
stroke registries. Patients aged from 3 weeks to 13 
(median 5.75) years (27 boys; 64%) presented with leth­
argy, anorexia, headache, vomiting, seizures, focal signs 
or coma and with CSVT on neuroimaging. Seventeen 
had prior chronic conditions; of the 25 previously well 
patients, 23 had recent infections, eight became dehyd­
rated and six had both. Two children had a history com­
patible with prior CSVT. Anaemia and/or microcytosis 
(21 probable iron deficiency, five haemolytic, including 
two with sickle cell disease and one with ~-thalassaemia) 
was as common (62%) as prothrombotic disorder (13/21 
screened). High factor VIII and homozygosity for the 
thermolabile methylene tetrahydrofolate reductase poly­
morphism were the commonest prothrombotic dis­
orders. The superficial venous system was involved in 
32 patients, the deep in six, and both in four. Data on 
the 13 children with bland infarction and the 12 with 
haemorrhage in the context of CSVT were compared 
with those from 88 children with ischaemic (AIS) 
and 24 with haemorrhagic (AHS) arterial stroke. 
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In multiple logistic regression, iron deficiency, parietal 
infarction and lack of caudate involvement indepen­
dently predicted CSVT rather than arterial disease. 
Five patients died, three acutely, one after recurrence 
and one after 6 months being quadriparetic and blind. 
Follow-up ranged from 0.5 to 10 (median 1) years. 
Twenty-six patients (62%) had sequelae: pseudotumour 
cet·ebri in 12 and cognitive and/or behavioural disabi­
lities in 14, associated with epilepsy in tht·ee, hemi­
paresis in two and visual problems in two. Eighteen 
patients, including six with haemorrhage, were anti­
coagulated. Older age [odds ratio (OR) 1.54, 95% con­
fidence limits (CI) 1.12, 2.13, P = 0.008], lacl{ of 
parenchymal abnormality (OR 0.17, 95% CI 0.02, 
1.56, P = 0.1), anticoagulation (OR 24.2, 95% CI 
1.96, 299) and lateral and/or sigmoid sinus involvement 
(OR 16.2, 95% CI 1.62, 161, P = 0.02) were indepen­
dent predictors of good cognitive outcome, although the 
last predicted pseudotumour cerebri. Death was asso­
ciated with coma at presentation. Of 19 patients with 
follow-up magnetic resonance (MR) venography, three 
had persistent occlusion, associated with anaemia and 
longer prodrome. A low threshold for CT or MR veno­
graphy in children with acute neurological symptoms is 
essential. Nutritional deficiencies may be modifiable 
risk factors. A paediatric anticoagulation trial may 
be required, after the natural history has been further 
established from registries of cases with and without 
treatment. 
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Introduction 
The incidence of cerebral venous sinus (sinovenous) throm­
bosis (CSVT) is at least 0.67 per 100 000 children per year 
(de Veber et al., 2001), although there is concern that cases of 
this potentially treatable condition are missed. The clinical 
manifestations can be life-threatening and cause long-term 
neurological deficits (Barron et al., 1992; Carvalho et al., 
2000). However, as the symptoms and signs are non­
specific, diagnosis is often delayed and may be missed alto­
gether. Although the incidence may be declining, as some of 
the conditions historically associated with CSVT in children 
are now rare or treatable, e.g. cyanotic congenital heart disease 
or mastoiditis, the diagnosis is made more commonly in life 
because of advances in neuroimaging. The onus is on the cli­
nician to request the appropriate investigations but many have 
never diagnosed a case. CT may not be adequate to exclude 
CSVT and indications for MRI and magnetic resonance (MR) 
venography in acute neurological presentations have not 
been established, as there are few data from which evidence­
based guidelines for investigation could be developed. 

The importance of genetic and acquired prothrombotic dis­
orders has been emphasized in recent series of paediatric CSVT 
(de Veberetal., 1998a;Bondueletal., 1999;Helleretal.,2003). 
However, although single cases ofhomocystinuria (Buoni eta!., 
2001; Vorstmanetal., 2002) andsevereanaemia(Belmanetal., 
1990; Hartfield et al., 1997; Meena et al., 2000; Swann and 
Kendra, 2000; Keane et al., 2002) have been reported as asso­
ciations, there are few data on the relative impmtance of milder 
anaemia or genetic determinants of hyperhomocysteinaemia 
(Martinelli et al., 2003; Boncoraglio et al., 2004), both of 
which might be modified with low risk by nuuitional supple­
mentation. High factor Vlll levels appear to be associated with 
CSVT in adults (Cakmak et al., 2003), but factor Vlll is not 
commonly petformed in children (Kurecki et al., 2003). 

In order to explore the variety of clinical and neuroradi­
ological presentation and the frequency of associated 
haematological risk factors, as well as to determine predictors 
of outcome, we describe our experience with consecutive 
children with CSVT in five centres. In addition, we compare 
the clinical presentation of children with infarction or haem­
onhage secondary to CSVT with those with arterial ischaemic 
(Ganesan et al., 2003) or haemonhagic stroke. We emphasize 
the need for increased awareness of this entity in children. 

Methods 
Data review was conducted of consecutive patients personally known 
to three of the authors (G.S., A.N.W. and F.J.K.) and investigated 

prospectively at one of five European paediatric neurology cenu·es 
with a paediatric stroke regisuy: H6pital Kremlin-Bicetre, France 
(1997); Cliniques Universitaires Saint-Luc, Belgium (1997-2002); 
The Princess of Wales Children's Hospital, Birmingham (1993-
1998); Great Ormond Street Hospital, London (1990-2000); and South­
ampton General Hospital (1999-2001). Appropriate ethical permission 
was obtained. Patients were included if a diagnosis of definite CSVT 
had been made by a neuroradiologist either on CT after contrast enhan­
cement showing the dense-triangle sign, or MR based on classical neur­
oradiological features (Sebire et a/., 2004). Patients presenting to 
neonatal paediatricians were not included. Patients underwent the 
following laboratory investigations, which increased in number 
over the study period as possible prothrombotic associations were 
reported: blood count, cholesterol, tdglycerides, lipoprotein (a), fib­
rinogen, protein C, protein S, antithrombin, plasminogen, heparin 
cofactor II, prothrombin 20210, factor V Leiden, homozygosity for 
the thermolabile variant of the methylene tetrahydrofolate reductase 
gene (tMTHFR), factor VTII, factor XII, anticardiolipin IgG and lupus 
anticoagulant. Details of the clinical presentation, laboratory and 
radiological investigations and long term clinical and radiological 
follow-up were obtained from the databases and were supplemented 
by return to the medical notes. All patients were seen at least once for a 
follow-up with a paediatric neurologist and an interview with the 
pm·ents about function in nursery or school, ongoing headache and 
epilepsy was conducted, as well as a neurological examination. Out­
come was classified as death, cognitive sequelae, motor sequelae, 
visual sequelae, pseudotumour cerebri ornone of these. Pseudotumour 
cerebri was diagnosed using classical criteria, including cerebrospinal 
fluid pressure measurement (Balcer eta/., 1999). 'Cognitive sequelae' 
refers to children being placed at least one school grade below their 
expected class for age or requiring a statement of special educational 
needs or-for preschool children-formal testing suggesting that the 
developmental speed was less than 75% of normal. Follow-up 
neuroimaging was undertaken at the discretion of the paediatric 
neurologist. Parenchymal changes were compared with the previous 
imaging and were classified as normal, improved or persistent. Venous 
sinus patency was assessed as normal, improved or persistent. We 
looked for distinctive features between venous and arterial strokes, in 
order to examine whether there were clues to the differential diagnosis. 
Comparison of the clinical, radiological and laboratory features of the 
patients with bland and haemorrhagic CSVT were made with a con­
secutive cohort of children with arterial stroke prospectively studied at 
Great Ormond Street Hospital between January 1994 and Apri12000. 

Statistical analysis was performed using i (statxact version 
4.0.1), Kn1skall-Wallis analysis of variance, Fisher's exact test 
and logistic regression (SPSS version 11.0). 

Results 
Fmty-two children were included, one from Paris, four from 
Brussels, nine from Birmingham, nine from Southampton, 
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Table 1 Previous medical history in 42 children with CSVT 

Frequency(%) 

Male 24/42 (57%) 
Underlying illness 17/42 (40%) 
Cardiac disease 2/42 (4%) 
Inflammatory bowel disease 1/42 (2%) 
Nephrotic syndrome 3/42 (6%) 
Systemic lupus erythematosus 2/42 (4%) 
Sickle cell disease 2/42 (4%) 
Thalassaemia 1/42 (2%) 
Hydrocephalus (recent shunt) 2/42 (4%) 
Brain tumour 2/42 (4%) 
Leukaemia 2/42 (4%) 
Previously well 25/42 (59%) 
Previous CSVT history 2/42 (4%) 
Recent triggering event 42/42 (100%) 
Ear infection (mastoiditis) 20/42 (47%) 
Sinusitis l/42 (2%) 
Other infection 10/42 (24%) 
Diarrhoea 5/42 (12%) 
Other dehydration 9/42 (21 %) 
Recent head trauma 2/42 (4%) 
Recent surgery 4/42 (9%) 

and the remainder from Great Ormond Street. Age ranged 
from 3 weeks to 13 years (median 5.75 years); 27 (64%) of 
the patients were boys. 

Pre-existing diagnosis and triggers (Table 1) 
Patients with previous chronic illness 
Seventeen patients were known to have chronic illness 
(Table 1), including four who had CSVT diagnosed imme­
diately after surgical procedures, namely modified Fontan for 
hypoplastic left heart syndrome, ventriculoperitoneal shunt, 
brain tumour resection, and colectomy for ulcerative colitis. 
Eight of the patients with chronic illness had recent infections 
(three involving the ear, none with mastoiditis) and four were 
dehydrated. Comparison using Fisher's exact test of the 
occmTence of underlying illnesses and of triggeting events 
between the three different age groups ( <1 year, n = 5; 1-6 
years, n = 17; >6 years, 11 = 20) did not show any significant 
differences (Table 1). 

Previously well children 
Twenty-five patients were previously well, all of whom had 
triggers: 23 had recent infections (17 involving the ear, 11 
with mastoiditis), eight became dehydrated and six were both 
infected and dehydrated. 

There were no significant associations between age group 
and pre-existing diagnosis or any of the triggers (Table 1). 
Patients without pre-existing chronic illness were more 
likely to have had a recent infection, an ear infection 
or mastoiditis (Fisher's exact test, P = 0.003, P = 0.002, 
P = 0.006 respectively) but were not more likely to be dehyd­
rated (Fisher's exact test, P = 0.73). 
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Table 2 Clinical features of CSVT in 42 children 

Frequency (%) 

Onset 
Acute 35/42 (83%) 
Subacute 7/42 (17%) 

Symptoms 
Seizures (generalized tonic-clonic) 17/42 (40%) 
Headache 25/37 (68%) 
Vomiting 12/42 (28%) 
Drowsiness 18/42 (43%) 
Anorexia/poor feeding 5/42 (12%) 
Lethargy 19/42 (45%) 
Irritability 5/42 (12%) 
Confusion 5/37 (13%) 
Numbness 1/37 (3%) 

Signs 
Fever 19/42 (45%) 
Coma 12/42 (28%) 
Hemiparesis 14/42 (33%) 
Ataxia 1!37 (3%) 
Cranial nerve abnormality 14/42 (33%) 
Visual deficit 4/37 (11%) 

Clinical presentation (Table 2) 
All patients had symptomatic CSVT (Table 2). The median 
duration of symptoms was 5 days (range 12 h to 120 days). The 
majority of children presented acutely with seizures, focal 
signs and symptoms of raised intracranial pressure, such as 
headache and decreased level of consciousness (Table 2). Sub­
acute presentation, with chronic headache, vomiting, lethargy, 
anorexia or drowsiness for 3 weeks or more, occurred in six 
children. Nineteen children were febrile at presentation. Using 
Fisher's exact test, there was no significant difference in the 
type of clinical manifestations between the three different age 
groups (<1 year, 11 = 5; 1-6 years, 11 = 17; >6 years, n = 20). 

Previous neurological history 
Two children had a prior neurological histmy compatible with 
previous CSVT. One child with haemoglobin SC disease born 
at 36 weeks gestation had presented at the age of2 weeks with a 
left-sided focal seizure in the context of a chest infection. Head 
ultrasound revealed bilateral intraventricular haemonhage 
and lumbar cerebrospinal fluid was uniformly bloodstained 
but cerebral venous sinus thrombosis was not excluded. 
He required a shunt for communicating hydrocephalus and 
represented at the age of 9 years with severe headache sec­
ondary to venous sinus thrombosis (Fig. 1). Another patient, 
who was chronically iron-deficient, had developed a transient 
hemiparesis at the age of 18 months. 

Laboratory findings 
Routine haematology 
Twenty-two children (52%) were anaemic (Z score for hae­
moglobin <2 SDs below the mean for age), two secondary 
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(B) 

(C) (D) 

Fig. 1 (A) This child with haemoglobin SC disease had presented in infancy with seizures and had required a shunt for hydrocephalus. He 
represented at the age of 9 with severe chronic headache and 3 weeks later developed generalized seizures. There are no visible sulci and 
the ventricles are small on the initial CT scan, indicative of cerebral oedema. A right-sided shunt and intracranial pressure monitor are 
noted. (B) The CT scan at 10 days shows definite cerebral oedema and the dense straight sinus raises the possibllity of CSVT, but is not 
diagnostic. (C) Two days later there is widespread cortical and basal ganglia high signal on T2-weighted axial MRI. (D) Marked swelling of 
the cerebral hemispheres and posterior fossa, which has led to tonsillar descent, is seen on the Tl-weighted coronal images High signal is 
seen in the right transverse sinus (delta sign) due to either slow flow or thrombus (arrow). 

to SC disease (one haemoglobin SC, one homozygous SS), 
one with [3-thalassaemia and two others with haemolytic 
anaemia in the context of systemic lupus etythematosus 
(SLE) and non-Hodgkin's lymphoma. Seventeen anaemic 
children, including one treated for acute lymphoblastic leuk­
aemia, and an additional four children with haemoglobin 
within the normal range, had microcytosis (haematocrit and/ 
or mean cell volume <2 SDs below the mean for age) com­
patible with iron deficiency. Anaemia and/or microcytosis 
were seen in all age groups (60, 53, 75% amongst children 

aged <1 year, 1-6 years and >6 years respectively, l. P = 
0.15). There was a trend for microcytosis to be commoner in 
previously well children (Fisher's exact test, P = 0.07). 

Screening for thrombophilia 
A risk factor for thrombophilia was found in 18 of the 29 
(62%) screened (Table 3). Although only 13 patients were 
tested, more than half had high factor VIII. Of 14 patients 
tested, four (29%) were homozygous for the thermolabile 
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valiant of the methylene tetrahydrofolate reductase (tMTHFR) 
gene; comparison with 78 unselected controls admitted 
to Great Ormond Street hospital (Prengler et al., 2001), 
nine (12%) of whom were homozygous for the tMTHFR 
mutation, shows a trend for an excess of homozygotes for 
the tMTHFR mutation in children with CSVT (Fisher's 
exact test, P = 0.1). Low protein C, factor V Leiden and 
prothrombin 20210 mutations were not found in this series. 

Table 3 Laboratory features of 42 children with CSVT 

Laboratory features (normal values) Tested Abnormal % 

Anaemia 42 
Microcytosis 42 
High cholesterol 6 
High triglycerides 6 
High lipoprotein (a) 2 
High fibrinogen (1.7-4 g/1) 13 
Low proteinS (72-130 lUll) 22 
Low free proteinS (70-140 IU/dl) 5 
Low protein C (37-130 IU/dl) 22 
Low antithrombin (79-131 IU/dl) 20 
Low plasminogen (39-83 IU/dl) 9 
Low heparin cofactor II (50-150 IU/dl) 5 
High factor VIII (50-150 IU/dl) 13 
Low factor XII (50-150 IU/dl) 9 
Factor V Leiden mutation 20 
Prothrombin 20210 mutation 15 
tMTHFR homozygosity 14 
High anticardiolipin lgG (>12 IU/dl) 15 
Lupus anticoagulant 9 
One prothrombotic abnormality 29 
Two prothrombotic abnormalities 29 
Three prothrombotic abnormalities 29 
Four prothrombotic abnormalities 29 

23 
22 

1 
1 
0 
3 
4 
1 
0 
3 
0 
0 
7 
2 
0 
0 
4 
3 
1 

13 
2 
1 
2 

55 
52 

23 
18 
20 
0 

15 
0 
0 

54 
22 
0 
0 

29 
20 
11 
45 
7 
3 
7 
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Of two patients with nephrotic syndrome who were tested, 
one had low protein S and another had slightly low anti­
thrombin and high fibrinogen acutely; the antithrombin was 
normal on repeat testing but the fibrinogen remained high. 
Raised IgM anticardiolipin antibodies were found in one of 
the patients with SLE and IgG anticardiolipin was raised in 
two other patients, both with familial history of SLE; the 
other 11 children tested were normal. 

Radiological findings 
Parenchymal imaging (Table 4) 
All 42 children had CT and the diagnosis was made 
using parenchymal images with contrast enhancement in 
nine. MRI was performed in addition in 33, of whom 31 had 
MR venography. Of the 25 patients with parenchymal 
abnormalities, 24 had cortical involvement. Four children 
had bilateral haemorrhagic infarcts, seven had bilateral bland 
infarcts (Fig. 2) and 13 had unilateral infarcts (Fig. 3), eight of 
which were haemorrhagic. The anatomical regions involved 
were cortex of the frontal (n = 8), temporal (n = 4), parietal 
(n = 15) and occipital (n = 5) regions, thalamus (n = 3), 
putamen (11 = 2), caudate (11 = 1), internal capsule (n = 1), 
hippocampus (11 = 2), deep white matter (n = 2) and cerebellum 
(n = 1). Clinical signs were related to the location of paren­
chymal lesions as classically expected in strokes. Seventeen 
patients had no visible infarction but one of these had a 
temporal abscess in association with mastoiditis and another 
had an arteriovenous fistula in the middle temporal fossa. 

Patients with parenchymal lesions (haemorrhage or infarc­
tion) were more likely to present with hemiplegia (Fisher's 
exact test, P = 0.0 1) but not with seizures (P = 0.2) or Glasgow 

Table 4 Comparison of radiological and haematological features of venous and arterial stroke 

Infarct and haemorrhage Infarct only 

Venous Arterial Odds ratio (95% p Venous Arterial Odds ratio (95% p 
(II = 25) (11 = 112) confidence limits) (11 = 13) (11 = 88) confidence limits) 

Site 
Frontal 32% 48% 0.51 (0.2, 1.27) 0.15 38% 52% 0.57 (0.17, 1.88) 0.36 
Temporal 16% 16% 1.0 (0.31' 3.24) 0.99 23% 18% 1.35 (0.33, 5.47) 0.67 
Parietal 60% 21% 5.8 (2.31, 15.6) 0.0001 46% 24% 2.74 (0.83, 9.04) 0.10 
Occipital 20% 10% 2.3 (0.72, 7.33) 0.16 31% 11% 3.47 (0.90, 13.4) 0.07 
Thalamus 12% 6% 2.05 (0.49, 8.53) 0.33 15% 3% 5.15 (0.77, 34.3) 0.09 
Putamen 8% 26% 0.25 (0.06, 1.12) 0.07 15% 33% 0.37 (0.08, 1.78) 0.22 
Caudate 4% 38% 0.07 (0.009, 0.51) 0.009 8% 49% 0.08 (0.01, 0.70) O.D2 
Insula 0% 13% 0.76 0% 16% 0.78 
Internal capsule 4% 14% 0.25 (0.03, 1.98) 0.19 8% 18% 0.38 (0.05, 3.10) 0.36 
Corpus striatum 0% 4% 0.75 0% 3% 0.86 
Deep white matter 8% 19% 0.38 (0.08, 1. 72) 0.21 0% 24% 0.81 
Cerebellum 4% 6% 0.63 (0.07, 5.32) 0.67 0% 6% 0.81 
Pons 0% 4% 0.75 0% 2% 0.84 
Z score for -3.07 -1.73 0.87 (0.74, 1.03) 0.1 -3.6 -1.87 0.86 (0.71, 1.05) 0.14 

haemoglobin ( -6.8, 0.27) ( -11.4, 3.87) (-6.8, 0.13) ( -11.4, 3.87) 
Microcytosis 56% 21% 4.93 (1.98, 12.3) 0.001 69% 18% 10.1 (2.77' 37) 0.0001 
Platelet count 423 290 1.005 (1.001, 0.014 475 290 (38, 637) 1.007 (1.002, 0.009 

(36, 777) (38, 637) 1.008) (272, 717) 1.012) 
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(A) (B) 

(C) (D) 

Fig. 2 Neuroimaging from a 20-month-old girl with iron deficiency anaemia. (A) Bilateral thalamic hypodensity and thrombus in the 
straight sinus and deep cerebral veins are demonstrated on the CT scan. (B) Thrombus in the straight and left transverse sinuses is seen as 
high signal on the coronal Tl-weighted MRI (arrows). (C) The axial T2-weighted MRI shows bilateral thalamic high signal involving the 
posterior limb of the internal capsule and the posterior putamen. The vein of Galen and straight sinus are dark due to the iron products of 
haemoglobin (arrow). (D) Follow-up T2-weighted MRI 3 months later demonstrates almost complete reversal of the thalamic infarction, 
with only a small residual scar, and restored flow in the vein of Galen and straight sinus. 

coma score <12 (P = 0.5). Patients with normal parenchymal 
imaging were more likely to present with cranial nerve signs 
(P = 0.01) but not with headache (P = 0.3). 

Venous sinuses involved 
The superficial (sagittal, transverse or sigmoid sinuses) and 
deep venous systems (deep cerebral veins and straight sinus) 
were involved in 32 and six patients respectively, with both 
involved in four. Sinuses involved were sagittal (n = 16), 
sigmoid (11 = 11 ), transverse or lateral (11 = 20), cavernous 
(n = 4) and straight (n = 4). The jugular vein was involved in 
three patients. In two patients there was cortical venous sinus 
thrombosis alone and in another thrombosis of the cortical 
veins was seen extending into the occluded supetior sagittal 

sinus. Two and three vessels were involved in 14 and three 
patients respectively. 

Comparison with arterial stroke (Table 4) 
The data on the 25 children with infarction in the context of 
CSVT were compared with those from a consecutive cohort 
of 112 children with clinical stroke and cerebral arterial dis­
ease prospectively recmited at Great Ormond Street hospital 
between 1993 and 2000 and also imaged acutely. There were 
82 children with ischaemic stroke and arteriopathy on con­
ventional or MR angiography ( 11 dissection, 17 occlusion, 
42 stenosis, four vasculitis, eight moyamoya) and 24 with 
haemorrhagic stroke and definite arterial pathology (13 arteri­
ovenous malformation, five cavernomas and six aneurysms). 
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(A) (B) 

Fig. 3 Neuroimaging from a 22-month-old boy with iron deficiency anaemia. (A) MRI showing that the abnormal high signal involves 
predominantly the right occipital lobe. The straight sinus is occluded; subacute thrombus is seen as high signal on proton density images 
(arrow). (B) Five months later the venous phase of the cerebral angiogram demonstrates absence of flow in the occluded superior sagittal 
and straight sinus. Multiple collateral vessels drain the hemisphere towards the cavernous sinus. 

In univariate analysis, CSVT was significantly commoner in 
those with parenchymal abnom1ality in a parietal distribution, 
and less common in those with involvement of the caudate 
nucleus. There was a trend for anaemia to be commoner in 
CSVT, microcytosis was commoner and platelet count was 
higher (Table 4). In multiple logistic regression, microcytosis 
[adjusted odds ratio (OR) 7.15, 95% confidence interval (CI) 
2.31, 22.1, P:::: 0.01], parietal involvement (adjusted OR 6.8, 
95% CV 2.25, 20.6, P = 0.001) and lack of caudate involve­
ment (adjusted OR 0.05, 95% CV 0.006, 0.42, P :::: 0.006) 
independently predicted CSVT rather than atterial disease. 
Results were similar when infarcts were considered alone; in 
addition there were trends for occipital and thalamic infarc­
tion to be commoner in CSVT. 

Outcome 
Five patients died, three acutely and two later; one during a 
recurrent episode of CSVT and one with severe neurological 
sequelae, respectively 3 and 6 months after the initial event. 
For the 37 survivors, follow-up ranged from 6 months to 10 
years (median 1 year). Eleven children had no neurological or 
cognitive difficulties at follow-up. Twelve had symptoms 
and signs compatible with chronic pseudotumour cerebri 
and 14 had cognitive difficulties (of whom two had a per­
manent hemiparesis, three had reduced visual acuity and two 
developed epilepsy). None of the patients with cognitive 
difficulties was diagnosed with pseudotumour cerebri. 

Acute management and relationship 
with outcome 
All of the children with sepsis were treated with antibiotics 
and three also had a mastoidectomy. Iron supplementation 

was given to tl1ose in whom severe iron deficiency was dia­
gnosed. Three children required ventilatmy support and four 
(including the two with sickle cell disease and one with 
[3-thalassaemia) were transfused. The patient with SLE 
was immunosuppressed. 

Eighteen of the patients in whom the diagnosis was made 
acutely were anticoagulated immediately with heparin 
(unfractionated in 15 and low molecular weight in three) 
and then warfarin or low molecular weight heparin for up 
to 6 months. Two children were treated with aspidn and one 
with haemoglobin SC disease was given tissue plasminogen 
activator but not until after he became deeply unconscious 
with an MRI showing widespread oedema (Fig. 1 C). He died 
soon after without imaging evidence of haemorrhage. 

Six of the anticoagulated patients had haemorrhage at pre­
sentation; none had an extension of the haemonhage and all 
survived the index episode, although one with congenital 
nephrotic syndrome died after recurrent haemot1'hagic CSVT 
treated with heparin. Of the six children who were not anti­
coagulated because of haemonhage on neuroimaging, one 
died 16 h after presentation, three had cognitive difficulties 
(one with seizures, Fig. 3B) and only one had no sequelae. 

Anticoagulated patients were more likely to have good 
cognitive outcome, with a statistical trend of borderline 
significance, and a reduction in mmtality which was not stat­
istically significant (Table 5). In some cases, a therapeutic 
dose of heparin appeared to have an immediately beneficial 
effect. One boy with haemorrhage, in whom activated partial 
thromboplastin time (APTT) was less tl1an 2.5 for the first 24 h, 
remained unconscious (minimum Glasgow coma score 10) 
and continued to seize. Repeat CT showed no extension of 
the haemorrhage and he improved within an hour when the 
heparin dose was increased to achieve an activated partial 
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Table 5 Associations with outcome 

Odds ratio for 
death (5/42) 

Age 0.95 (0.74, 1.22) 
Duration of prodrome (days) 0.99 (0.94, 1.06) 
Pre-existing illness 0.98 (0.15, 6.58) 
Infective trigger 0.48 (0.07, 3.36) 
Seizures at presentation 2.42 (0.34, 17 .0) 
Glasgow coma score 14.5 ( 1.42, 149) 

<12 on admission 
Parenchymal abnormality l.l4 (0.17, 7.67) 
Haemorrhage 1.80 (0.26, 12.4) 
Multiple sinus involvement 0.33 (0.03, 3.23) 
Involvement of lateral and/or 0.57 (0.09, 3.80) 

straight sinuses 
Involvement of deep sinuses 2.42 (0.34, 17 .0) 
Involvement of straight sinus 0.35 (0.03, 4.25) 
Anticoagulation 0.29 (0.03, 2.89) 
Persistent occlusion (11 = 20) 
Anaemia acutely 3.79 (0.39, 37.2) 
Microcytosis acutely 2.59 (0.26, 26.3) 

thromboplastin time (APTT) of 2.5, although he had pseudot­
umour cerebri at follow-up. Another child with confusion and 
personality change in the context of SLE and sagittal sinus 
thrombosis improved within 12 h of starting unfractionated 
heparin and remained well 1 year later on steroids and low 
molecular weight heparin. Of the 12 patients with chronic 
pseudotumour cerebri, six had been anticoagulated acutely 
(Fisher's exact test for comparison with those without 
pseudotumour cerebri, P = 0.4). 

Treatment of chronic intracranial 
hypertension 
Pseudotumour cerebri was treated with steroids and/or acet­
azolamide. Shunts for hydrocephalus were performed in 
infancy in two children with confirmed CSVT (one before 
and one after the diagnosis) and the child with haemoglobin 
SC disease, who may have had unrecognized CSVT in 
infancy. One child required a 1umboperitoneal shunt. 

Follow-up MRI 
Of the 21 patients for whom follow-up MRI was available, 
complete reversal of the parenchymal change and CSVT were 
seen in three patients with haemonhage. One patient had only 
a small residual lesion associated with complete clinical 
recovery (Fig. 2), although the acute imaging showed bilat­
eral ischaemic changes in the thalami, subthalamic nuclei, left 
internal capsule and left temporal lobe. Mature infarcts 
developed in the remaining nine children who had parenchy­
mal defects (two haemonhagic) at the time of diagnosis, 
while the other eight MRls remained normal. 

Follow-up MRV showed complete (n = 8) or partial (n = 8) 
restoration of flow except in three patients who had persistent 
occlusion, two with a subacute presentation (Fig. 3). One of 

p Odds ratio for good p 
cognitive outcome 
(19/42) 

0.7 1.26 (1.04, 1.52) 0.02 
0.8 1.01 (0.96, 1.04) 0.7 
0.9 0.59 (0.17' 2.06) 0.4 
0.5 1.64 (0.40, 6.76) 0.5 
0.4 0.59 (0.17, 2.06) 0.4 
0.02 0.29 (0.07, 1.19) 0.08 

0.9 0.17 (0.04, 0.69) 0.01 
0.6 0.29 (0.07, 1.19) 0.09 
0.3 3.06 (0.83, 11.3) 0.09 
0.6 0.20 (0.05, 0.75) 0.01 

0.4 0.46 (0.11, 1.94) 0.3 
0.4 0.24 (0.02, 2.55) 0.2 
0.3 3.64 (0.98, 13.5) 0.05 

0.15 (0.01, 2.18) 0.2 
0.2 1.73 (0.51, 5.91) 0.4 
0.4 1.16 (0.27' 4.93) 0.8 

these cases had both sagittal and straight sinus thrombosis, 
one had sagittal and one had lateral sinus thrombosis. Multiple 
collateral veins were seen in all three patients, in one at the 
time of the diagnostic angiogram (Fig. 3) and in two on 
follow-up imaging. The prodrome was significantly longer 
in those with persistent occlusion than in those with complete 
or partial restoration of flow (Kruskal-Wallis test, P = 0.04). 
Haemoglobin was significantly higher at original presentation 
in those with recanalization at follow-up than in those with 
improvement or persistent occlusion (Kruskal-Wallis test, 
P = 0.02). There was no evidence that multiple vessel in­
volvement Cx2, P = 0.2), involvement of the deep sinuses 
cl. p = 0.6) or anticoagulation cl. p = 0.4) had an effect 
on recanalization. However, the numbers were small and some 
of the percentage differences quite large. For example, 
anticoagulation was given in 78% of those with complete 
restoration compared with only 33% of those with persistent 
thrombosis. There was no association between persistent 
thrombosis and death, cognitive sequelae or pseudotumour 
cerebri, but two of the three patients with epilepsy as an out­
come had persistent occlusion. 

Recurrence and systemic thrombosis 
One child with congenital Finnish-type nephrotic syndrome 
had radiologically confirmed recurrent sagittal sinus throm­
bosis and died of raised intracranial pressure secondary to 
haemonhage and oedema. Another child with thrombosis of 
the sagittal sinus and right internal jugular vein in the context 
of acute lymphoblastic leukaemia (not anticoagulated) had 
fmther transient episodes, one of dysarthria and ataxia and 
one of hemiplegia, hemisensory loss and hemianopia soon 
after her leukaemia relapsed. MRl and MRV were reported as 
normal and she has remained symptom-free 8 years after a 
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bone marrow transplant. Three children developed systemic 
venous thrombosis. 

Predictors of outcome 
The only statistically significant association with death was 
an admission Glasgow coma score <12 (Table 5). Mmtality, 
cognitive outcome and pseudo tumour cerebti were not related 
to anaemia or microcytosis (Fisher's exact test, Table 5). 
Good cognitive outcome was commoner in older children, 
those without parenchymal abnormality and those with lateral 
and/or sigmoid sinus involvement (Table 5), although chronic 
pseudotumour cerebri was commoner in the latter group cl. 
P = 0.01). In multiple logistic regression, older age (OR 1.54, 
95% CI 1.12, 2.13, P = 0.008), involvement of the lateral and/ 
or sigmoid sinus (OR 16.2, 95% CI 1.62, 161, P = 0.02), lack 
of parenchymal abnmmality (OR 0.17, 95% CI 0.02, 1.56, 
P = 0.1) and anticoagulation (OR 24.2, 95% CI 1.96, 299) 
were all independent predictors of good cognitive outcome. 

Discussion 
It is apparent from our study and review of the literature that 
the clinical manifestations of CSVT are non-specific and may 
be subtle (Bousser and Ross-Russell, 1997). Most of the 
clinical scenarios occur at all ages and the clinician should 
consider this diagnosis in a wide range of acute neurological 
presentations in childhood, including seizures, coma, stroke, 
headache and raised intracranial pressure. Common illnesses, 
including ear infections, meningitis (Kastenbauer and Pfister, 
2003), anaemia (Belman eta!., 1990), diabetes (Keane et al., 
2002) and head injmy (Stiefel et al., 2000), may be com­
plicated by CSVT, but as there is difficulty in making the 
diagnosis, data for incidence remain a minimum estimate 
(de Veber et al., 2001). Although presentation with pseudo­
tumour cerebri has been well documented (Biousse et al., 
1999), there are few data on the prevalence of CSVT in 
otherwise unexplained hydrocephalus (Norrell et a!., 1969) 
or in convulsive and non-convulsive seizures and status epi­
lepticus (Wang eta!., 1997). CSVT may also be an important 
determinant of outcome in non-traumatic coma (Krishnan 
eta!., 2004). 

Anatomically, the spectrum of venous infarcts includes 
unilateral and bilateral infarcts and haemorrhages of the 
deep grey stmctures (secondary to thrombosis of the deep 
cerebral veins and straight sinus) or of the cmtex and subja­
cent white matter (secondary to thrombosis of the sagittal, 
transverse or sigmoid sinuses). Diffusion-weighted imaging 
has demonstrated that venous infarcts have restricted dif­
fusion (cytotoxic oedema) in the early stages (Forbes et al., 
2001), supporting the theory that retrograde venous pressure 
decreases cerebral blood flow causing tissue damage, akin to 
arterial infarction (Rother et al., 1996). However, follow-up 
imaging of both the venous sinuses and any parenchymal 
damage is usually reported as normal. If emergency imaging 
of the venous sinuses is not undertaken, the diagnosis is ve1y 
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likely to be missed in children presenting with acute symp­
tomatology and in otherwise unexplained hydrocephalus, as 
well as those with pseudotumour cerebti and cavernous sinus 
syndrome (Bousser and Ross-Russell, 1997). 

In childhood, CSVT is relatively equally distributed 
according to the different age groups, except for a high incid­
ence in neonates (de Veber eta!., 2001). We excluded those 
presenting to neonatal paediatricians, as the clinical dilemmas 
are different (Shevell et al., 1989; Rivkin et at., 1992), but 
suspect that our patient with haemoglobin SC disease had 
CSVT as the cause of his neonatal seizures, intraventricular 
haemorrhage and communicating hydrocephalus, especially 
as he presented at the age of 2 weeks rather than at birth 
(Ramenghi et a!., 2002; Wu et al., 2003). 

There are few data on the clinical presentation in older 
children and it is likely that the diagnosis is often delayed or 
missed altogether in this group as well. It has been suggested 
that toddlers frequently present with seizures and focal signs, 
mainly hemiparesis, whereas older children present with 
headache and changes in mental status and seizures may 
be less common (Carvalho et a!., 2000). In our series, 
there was no pattern relating symptomatology to age, perhaps 
reflecting the recent trend to emergency imaging of the ven­
ous sinuses in children with acute coma, seizures or stroke 
as well as those presenting with pseudotumour cereb1i. The 
manifestations of deep cerebral venous thrombosis are typ­
ically characterized by altered consciousness, decerebrate 
posturing, changes in extrapyramidal tone and psychiatric 
symptoms such as confusion as a result of infarction in the 
thalami and basal ganglia and white matter stmctures 
(Kothare et al., 1998; de Veber et a!., 2001). Thus, as we 
observed in our series, the clinical presentation of CSVT is 
highly variable, extending from discrete symptoms, such as 
isolated headache, to severe and often multifocal neurological 
deficits. 

The evaluation of children with suspected CSVT has been 
made considerably easier by modern neuroimaging tech­
niques. In the largest studies, around half of infants and 
children had multiple sinuses and/or veins involved and 
40% had associated parenchymal infarcts (Barron et al., 
1992; Carvalho et a!., 2000; de Veber et al., 2001). In our 
series, 41% had more than one sinus involved whereas 57% 
had parenchymal changes, probably reflecting our interest in 
childhood stroke and the associated support for vascular 
imaging. Superior sagittal and lateral sinus thrombosis is 
diagnosed more frequently in most series (Heller et al., 
2003; Johnson et al., 2003). However, this may reflect the 
current difficulties in diagnosing thrombosis in the deep 
system (Di Roio et al., 1999) or cortical veins (Garcia, 1990; 
Jacobs et al., 1996), which may require conventional 
angiography, which is difficult to justify after late presenta­
tion in coma and/or status epilepticus. Unenhanced CT scans 
may detect deep venous thrombosis as linear densities in the 
expected locations of the deep and cortical veins. As the 
thrombus becomes less dense, contrast may demonstrate 
the 'empty delta' sign, a filling defect, in the posterior part 
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of the sagittal sinus (de Veber et al., 2001). However CT scan 
with contrast misses the diagnosis of CSVT in up to 40% of 
patients (Banon et al., 1992; de Veber et al., 2001). Diffusion 
and pe1fusion MRI may play a role in detecting venous 
congestion in cerebral venous thrombosis and in the differ­
entiation of cytotoxic and vasogenic oedema (Forbes et al., 
2001) but does not differentiate venous from arterial infarc­
tion. CT venography or MRI with venous MR (MRV) are 
now the methods of choice for investigation of CSVT 
(Medlock et al., 1992). The diagnosis is established by dem­
onstrating a lack of flow in the cerebral veins with or without 
typical images of brain infarcts. Parenchymal MR and MRV 
are important in the demonstration of both the infarct and the 
clot within the vessels. On MRI, the thrombus is readily 
recognizable in the subacute phase, when it is of high signal 
on a Tl-weighted scan and MRV is often not required. In 
the acute phase, the thrombus is isosignal on Tl-weighted 
imaging and of low signal on T2-weighted imaging. This can 
be mistaken for flowing blood but MRV will demonstrate an 
absence of flow in the thrombosed sinus. However, MRI and 
MRV are techniques prone to flow artefacts and in equivocal 
cases an endoluminal technique such as high-resolution 
CT venography or digital subtraction angiography may be 
required as a final arbiter. 

CSVT occurs in various clinical settings, including infec­
tion, dehydration, renal failure, trauma, cancer and haemato­
logical disorder (Barron eta!., 1992; Carvalho et al., 2000; de 
Veber et al., 2001; Heller et al., 2003). Many children have 
multiple risk factors (Heller et al., 2003). In our series, clin­
ical risk factors (pre-existing diagnoses and/or infection and/ 
or dehydration) were found in all patients. Although the fre­
quency of septic thrombosis is decreasing, due to antibiotic 
development, recent studies have shown that it was still 
responsible for a substantial proportion of thrombosis in 
older children (Barron et al., 1992; Carvalho et al., 2000) 
and in our series there was an infectious trigger in nearly three 
qumiers, in contrast to the much lower proportion in adults 
(de Bmijn et al., 2001). Infection appears to be a particularly 
common trigger in previously well children, as is microcyt­
osis suggestive of iron deficiency. Before the widespread use 
of early corrective surgery, CSVT used to be a common 
complication of congenital cyanotic hemi disease, in which 
it occurred predominantly in patients over 2-3 years of age, 
usually with iron deficiency (Cottrill and Kaplan, 1973; 
Phornphutkul et al., 1973). Anaemia as an association with 
CSVT has received little attention in the adult literature 
(Nagpal, 1983), but iron deficiency anaemia has been 
described in other children with CSVT (Belman et al., 
1990; Hmtfield et al., 1997; Meena et al., 2000; Keane 
et al., 2002), sometimes in association with thrombocytosis, 
and was found in half of this series. In addition, four of our 
patients had microcytosis without frank anaemia. Anaemia is 
commonly obscured by relative haemoconcentration in the 
acute phase and fetTitin may be an acute-phase protein, so the 
diagnosis of iron deficiency should be comprehensively 
excluded or treated. 

In five patients, CSVT occurred in the context of chronic 
haemolytic anaemia, as has been occasionally described 
previously (Shiozawa et al., 1985). In a recent series of 
patients with focal neurological deficits in the context of 
[3-thalassaemia major, it was suggested that chronic anaemia 
might predispose to CSVT (Incorpora et al., 1999). Although 
the diagnosis was not made definitively in that series, the 
distribution of lesions in those who were imaged would cer­
tainly be compatible with CSVT and our series contains one 
patient with [3-thalassaemia and lateral sinus thrombosis. Pro­
ven venous sinus thrombosis appears to be relatively uncom­
mon in sickle cell anaemia (Gm·cia 1990; Oguz et al., 1994; 
Di Roio et al., 1999; van Mierlo et al., 2003), although this 
may be because neuroimaging is delayed because of the pri­
ority for emergency exchange transfusion. The radiological 
diagnosis was not obvious in either of our cases and it is 
possible that CSVT is missed in sickle cell disease and 
other chronic anaemias. High erythropoietin levels and the 
accompanying increase in adhesive reticulocytes might 
predispose to CSVT in recovering iron deficiency, haemo­
lytic and aplastic anaemias and paroxysmal nocturnal haemo­
globinuria, and it is of interest that CSVT has been reported in 
a patient treated with epoetin alfa (Finelli and Carley, 2000). 

Prothrombotic disorders were found in between one-third 
and half the cases in recent series of paediatric CSVT 
(Bonduel et al., 1999; de Veber et al., 2001) and in 62% 
of our screened patients. Some of these are acquired pro­
thrombotic states, such as acute protein C and S and anti­
thrombin deficiency secondary to infection or protein loss, 
e.g. in nephrotic syndrome, or antiphospholipid antibodies, 
and m·e often normal on repeated investigation. In our series, 
high factor VIII levels, which may be determined by genetic 
and acquired factors (Cakmak et al., 2003), were common but 
there were only three cases of acquired antithrombin and one 
of free protein S deficiency and three patients with anti­
cardiolipin antibodies. Genetic polymorphisms appear to be 
important as risk factors in adults (Ludemann et al., 1998; 
Hiller et al., 1998; Reuner et al., 1998; Cakmak et al., 2003) 
but although there is evidence for an excess of prothrombotic 
risk factors in paediatric CSVT (Heller et al., 2003), the 
relative importance of the factor V Leiden or prothrombin 
20210 mutations is less clear (Bonduel et al., 2003; Johnson 
et al., 2003) and none were diagnosed in out series. However, 
there was a trend for an excess of homozygotes for the ther­
molabile variant of the methylene tetrahydrofolate reductase 
gene compared to our control population, as in an adult series 
of CSVT (Hiller et al., 1998). Hyperhomocysteinaemia and 
its genetic determinants may worth excluding or treating with 
folic acid, B6 and B 12 vitamin supplementation, as this has 
few risks, but further studies will be important. There are no 
data on whether longer-term treatment for any of the other 
prothrombotic disorders reduces the significant recunence 
risk (de Veber et al., 2001) and international collaboration 
will be required to address that issue (Heller et al., 2003). 

Treatment of CSVT has historically involved general 
supportive or symptomatic measures, such as hydration, 
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antibiotics for septic cases, control of seizure activity with 
anticonvulsants, and measures aimed at decreasing intracra­
nial pressure. Antithrombotic therapy of CSVT in childhood 
has been influenced by clinical trials in adults (Einhaupl et al., 
1991; de Bmijn and Starn, 1999). De Veber and colleagues 
initiated a prospective cohort study of anticoagulant therapy 
in 30 children with CSVT from 1992 to 1996 and reported 
a mortality rate of 3/8 in untreated compared with 0/22 in 
treated children (de Veber et a/., 1998b). Anticoagulant 
treatment was well tolerated, with no extensions of the 
CSVT. Johnson et al. (2003) and Barnes et al. (2004) have 
also reported encouraging data on the safety of anticoagula­
tion in children with CSVT. Our data confirm these obser­
vations, with very similar results on safety and likely better 
cognitive outcome. The development of pseudotumour cere­
bri may not be influenced by anticoagulation (Higgins et al., 
2003) but more data are needed for children. Although we 
observed one fatal haemonhage in a child with intractable 
nephrotic syndrome and recurrent CSVT, the other children 
who died were not anticoagulated and there was no evidence 
of a detrimental effect. The options for treatment of infants 
and children include standard or low molecular weight hep­
min for 7-10 days followed by oral anticoagulants for 3-6 
months. Thrombolytic therapy and mechanical thrombec­
tomy are sometimes used for extensive thrombosis of super­
ficial and deep venous stmctures (Griesemer et al., 1994; 
Soleau et al., 2003), but our experience and data from 
other studies suggest that in the cutrent state of knowledge 
early anticoagulation would be a better strategy except per­
haps in unconscious patients, in whom the mortality is higher, 
possibly justifying trials of chemical and mechanical throm­
bolysis (Soleau et al., 2003). 

CSVT has a vm·iable and sometimes a poor prognosis 
in adults (Preter et al., 1996; de Bruijn et al., 2000, 2001; 
Buccino et al., 2003) and children (de Veber et al., 2000, 
2001). In our series, the positive associations with death in 
our seties were similar to those seen in adults who died or 
were dependent (de Bmijn et al., 2001), although numbers 
were very small and only coma was statistically related. It is 
possible that pseudotumour cerebti was underdiagnosed as it 
is difficult to diagnose in young children, particularly those 
with learning difficulties; fundoscopy and visual acuity 
should be checked routinely at follow-up whether or not 
the child is irritable or complains of headache. Older age, 
involvement of the lateral and/or sigmoid sinuses and lack of 
parenchymal abnorn1ality were associated with good cognit­
ive outcome. Further studies documenting long-term neuro­
psychological evolution (de Schryver et a/., 2004) are 
justified. 

The proportion of patients with complete and pattial recan­
alization in our series is similar to that reported by the 
German collaborative group (Heller et a/., 2003). Our data 
suggest that some children with chronic conditions, e.g. anae­
mia or congenital nephrotic syndrome, are at risk of CSVT 
recurrence over very long periods of time. There have been 
few studies of the natural history of the thrombosed veins in 
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relation to treatment or clinical outcome, but our data suggest 
that the venous system may be altered in a way which may 
predispose to further neurological events in some children, 
perhaps specifically those with chronic anaemia. It is of inter­
est that iron deficiency may be associated with pseudotumour 
cerebri in adults (Biousse et al., 2003); although there is no 
evidence for an association in our series, microcytosis was 
very common and further studies, including the effect of 
treatment, are required. In adults, there is no evidence that 
recanalization improves overall outcome (Baumgartner et al., 
2003; Stolz et al., 2004); in this small paediattic series there 
was no evidence that those with persistent occlusion had 
worse outcome. However, the effect of permanent occlusion 
of portions of the venous drainage of the brain, with or with­
out collateral formation, may be different in the developing 
brain and studies with detailed long-term follow-up are 
required. In addition, the aetiology of the discontinuity on 
venography of the lateral and sigmoid sinuses seen in asso­
ciation with intracranial hypertension (Farb et a/., 2003; 
Higgins et a/., 2004) remains to be established and could 
have its origin in childhood, perhaps in association with 
relative nutritional deficiency and local infection. As many 
patients receive antibiotics and perhaps a better diet in the 
context of the acute illness accompanying CSVT whether or 
not the vascular diagnosis is made, it may be difficult to prove 
a link but treatable problems such as iron deficiency, hyper­
homocysteinaemia and chronic infection should be looked 
for in patients with chronic symptoms. The evolution may 
depend on the extent and location of parenchymal damage, 
haemoglobin, age and perhaps the rapidity of diagnosis and 
treatment in the acute phase. Multicentre collaborative stud­
ies will be needed to understand the tisk factors for death, 
cognitive sequelae, pseudotumour cerebri and recutTent 
CSVT and the effects of treatment before acute and long­
term management is evidence-based. 
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CASE REPORTS 

Surgical decompression has been very 
little used for the management of severe 
intracranial hypertension because of the 
rather disappointing results in acute head­
injury in adults. This paper reports the 
successful use of this technique in the 
management of a child with encephalitis 
in whom cerebral perfusion was 
compromised. 

Case report 
The patient was a seven-year-old child with no 
previous medical history. She attended a normal 
school but her reading and mathematical abilities 
were considered to be in the low-average range. 

She presented with a three-day history of pain in 
her right hip, mild abdominal discomfort and an 
ascending weakness. On admission to hospital she 
had a flaccid quadriplegia, mild meningism and was 
confused. 24 hours later there were no responses to 
command or pain, but brainstem reflexes were 
preserved. Ventilation was instituted because of 
poor respiratory effort. She had several seizures with 
biting, facial twitching and deviation of the eyes, 
which responded to intravenous phenytoin. 

Cerebrospinal fluid pressure was 14cm of water 
(IOmmHg) with a protein of 0·6g, white cell count 
of 34, 94 per cent lymphocytes, glucose 4, cultures 
including TB all negative. Serum ammonia was 
normal. Viral cultures and antibody titres were all 
negative. Mantoux was negative. CT scan was 
normal. EEG showed diffuse slow-wave activity but 
no focal abnormality. Initial nerve-conduction 
studies showed no definite abnormality but F waves 
were absent in a repeat study at 10 days which would 
be consistent with a radiculopathy. She received 
acyclovir and antituberculous therapy, although a 
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viral encephalomyelitis was considered to be the 
most likely diagnosis. 

A right frontal subarachnoid bolt (Edinburgh 
pattern) was inserted on day 4. The opening 
intracranial pressure was 45mmHg (A) with a 
cerebral perfusion pressure (mean arterial pressure 
minus intracranial pressure) of 50mmHg (Fig. 1). 
Control of intracranial pressure was attempted with 
hyperventilation, fluid restriction and bolus doses of 
mannitol (B) (Fig. 1). As the baseline intracranial 
pressure remained high, barbiturate coma using 
thiopentone was institute~ as an additional measure 
to maintain cerebral perfusion pressure. An EEG 
pattern of burst suppression was I!Chieved and the 
barbiturate appeared to have an effect for 12 hours 
by reducing intracranial pressure to < 30mmHg but 
also reduced mean arterial pressure so that inotropic 
support was required. Cerebral perfusion pressure 
fell to about 40mmHg (C) (Fig. 1). 

By day 6 the baseline intracranial pressure was 
30mmHg. Three further brief increases (spikes) of 
intracranial pressure (D, E, F) were accompanied by 
increases in arterial pressure (Cushing responses), but 
on one occasion (E) the cerebral perfusion pressure 
fell to below 40mmHg (Fig. 2). In view of the risk 
of future compromise of cerebral blood flow the 
patient underwent a bifrontal surgical de· 
compression that day. 

Post-operatively she remained deeply unconscious 
for five days and then began a slow process of 
recovery, commencing with a lightening of 
conscious level followed by gradual improvement in 
motor function. Six weeks after presentation she was 
able to go home apparently recovered apart from a 
marked but transient torticollis. The skull flap was 
replaced two months after the acute illness. 

Eight months later psychological assessment gave 
the following results using the WISC: full-scale 
IQ = 83, verbal scale IQ = 84, performance scale 
IQ = 85. At 8 years 6 months her reading age was 6 
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Fig. I. Data from intensive-care charts, taken hourly over the 25 hours following insertion of the 
intracranial pressure monitor (days 4 & 5). 

years 8 months assessed on the Neale Analysis of 
Reading Ability. Her class teacher does not feel that 
her reading skills have deteriorated since her illness. 
Her parents have noticed no change in her 
behaviour. 

Discussion 
The use of surgical decompression for 
uncontrollable raised intracranial pres­
sure is controversial. Initial enthusiasm 
for radical craniectomy in the 
management of severe head injury (Kerr 
1968, Kjellberg and Prieto 1971, 
Ransohoff eta/. 1971) has been tempered 
by disappointing results (Venes and 
Collins 1975, Cooper eta/. 1976). There is 
animal evidence that craniectomy may 
actually increase cerebral oedema 
(Cooper et al. 1979). Upward herniation 
of the human brain after circumferential 
craniectomy has . been demonstrated at 
post-mortem (Clark et a/. 1968). The 
procedure may be more worthwhile in 
children than adults with head trauma 

(Britt and Hamilton 1978, Sorensen et at. 
1982) but no controlled trials have been 
conducted. There have been isolated 
reports of good outcome following 
surgical decompression in children with 
lead encephalopathy and Reye's 
syndrome (McLaurin and Nichols 1957, 
Ausman et at. 1976). 

Neuro-intensive care has advanced in 
recent years and it is now possible to 
monitor continuously intracranial pres­
sure and mean arterial blood pressure so 
that the cerebral perfusion pressure is 
always known. Previous studies have 
usually not had such measurements 
available and therefore the timing of 
surgical intervention may have been 
inappropriately late. The minimum 
perfusion pressure required to maintain 
cerebral function is not definitely 
established, but in a recent study of 
children with central nervous system 
infection there was 100 per cent mortality 507 
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in those with a pressure of less than 
30mmHg and survival of those with a 
pressure above this figure (Goitein and 
Tamir 1983). Current evidence suggests 
that the aim of intracranial pressure 
management should be to keep cerebral 
perfusion pressure above 40mmHg. 

Although it has been our experience 
that barbiturate coma has had an effect 
on reducing intracranial pressure, there 
are distinct problems in its use. First, the 
reduction in mean arterial pressure may 
cause a reduction in cerebral perfusion 
pressure. Second, brainstem signs and 
BEG are impaired or lost, and once a 
child is loaded with thiopentone it may 
take several days for the effects to wear 
off. It seems likely that the outcome for 
an acute encephalopathic illness will be 
proportionately better where the primary 
pathology looks to be relatively pure 
cerebral oedema as in Reye's syndrome, 
some forms of encephalitis, particularly 

rubella, and lead poisoning, than when 
the primary pathology also causes 
widespread ceil death, for example 
hypoxic ischaemic damage and severe 
head injury. In the group with primary 
cerebral oedema there is a case for the use 
of surgical decompression in selected 
patients who have been fully monitored. 
This should be performed before 
decompensation occurs (Miller et at. 
1972) so that additional ischaemic insults 
and acute herniation may be avoided. 

Accepted for publication 8th November /985. 

Acknowledgement 
F. J. Kirkham is supported by the Peak Trust and by 
The British Heart Foundation. 

Authors' Appointments 
*F. J. Kirkham, MRCP, Research Fellow in 
Paediatric Neurology; 
B. G. R. Neville, FRCP, Consultant Paediatric 
Neurologist; 
Newcomen Centre, Guy's Hospital, London SEI. 

•correspondence to first author. 



AS - EXPERT 208-007-173

SUMMARY 
Because of the rather disappointing results in the treatment of acute head-injury in adults, surgical 
decompression has been little used in the management of severe intracranial hypertension. The authors 
report the successful use of the technique for a child with encephalitis in whom cerebral perfusion was 
compromised. 

RESUME 
Trailement efficace de /'hypertension intracranienne majeure par decompression chirurgicale 
En raison des resultats decevants dans le traitement des traumatismes cephaliques aigus chez l'adulte, Ia 
dckompression chirurgicale a etc peu utilisee dans le traitement de !'hypertension intracranienne majeure. 
Les auteurs rapportent !'utilisation efficace de Ia technique chez un enfant porteur d'encephalite dont 
!'irrigation cerebrale etait compromise. 

ZUSAMMENFASSUNG 
Erfo/greiche Behandlung eines schweren intrakraniellen Hochdrucks durclz chirurgische Dekompression 
Wegen der relativ enttiiuschenden Ergebnisse bei der Behandlung akuter Kopfverletzungen bei Erwachsenen 
ist die chirurgische Dekompression bei schwerem intrakraniellem Hochdruck selten durchgefiihrt worden. 
Die Autoren berichten iiber die erfolgreiche Anwendung dieser Methode bei einem Kind mit Enzephalitis, 
bei dem die cerebrale Perfusion gefahrdet war. 

RESUMEN 
Tratamiento con tfxito de Ia hipertensi6n endocraneana severa por descompresi6n quirtirgica 
Debido a los resultados mas bien decepcionantes obtenidos en Ia lesion craneal aguda en adultos, Ia 
descompresi6n quirurgica se ha usado poco en el tratamiento de Ia hipertension intracraneal aguda grave. 
Los autorea aportan Ia utilizacion con exito de Ia tecnica en un nifio con encefalitis en que Ia perfusion 
cerebral estaba comprometida. 
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Isolated acquired fourth-nerve palsy most 
frequently follows trauma (Rucker 1966, 
Burger et a/. 1970, Younge 1977). We 
describe an unusual case of traumatic 
trochlear-nerve palsy due to documented 
haematoma in the region of the superior 
cerebellar cistern. 

Case report 
A 10-year-old boy fell from a swing, had a blow to 
his head and lost consciousness for five minutes. He 
woke with a headache and complained of double 
vision. Soon afterwards his parents noticed that his 509 




