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EDITORIAL

Radiation Risk Due to Shunted
Hydrocephalus and the Role of MR
Imaging–Safe Programmable Valves
S. Krishnamurthy
B. Schmidt
M.D. Tichenor

Diagnostic radiology is a double-edged sword: While provid-

ing critical information that forms the basis of treatment, it

adds to the risk associated with cumulative radiation given to the

patient. Shunted hydrocephalus exemplifies this conundrum.

Hydrocephalus is a common neurosurgical condition that affects

individuals of all ages, and the most common method for manag-

ing hydrocephalus is the surgical implantation of a shunt system

to divert the flow of CSF from the ventricles.1,2 More than 125,000

shunts are implanted every year in the United States at a cost of

US $2 billion.3 Nearly half of this cost is associated with shunt

revisions.4

Although most cases of hydrocephalus have clinical improve-

ment with the insertion of a shunt, it is rare for the device to last a

lifetime without complications.2 Shunts can be obstructed and

infected, and tubing may get disrupted, resulting in recurrence of

symptoms. In 1 study, the shunt failure rate in children was re-

ported to be 31% within the first year and 4.5% per year thereaf-

ter; the failure rate in adults was found to be comparable with that

in children.5 In another study, the overall shunt survival in pedi-

atric patients was 62% at 1 year, 52% at 2 years, 46% at 3 years, and

41% at 4 years.6 In a third study, the probability of shunt malfunc-

tion after 12 years was 81%.7 The high incidence of device prob-

lems and the potential for serious consequences as a result, com-

bined with patients who have cognitive problems expressing their

symptoms, predicts frequent visits to emergency departments and

urgent care centers.

The integrity of the tubing is checked by a series of x-rays of the

head, chest, and abdomen; the size of the ventricles is assessed by

CT of the head.8 CT is often the preferred technique because of its

wide accessibility, ease of use, and brief imaging period. Initial

scans focus on finding abnormal pathologies, while subsequent

scans are oriented toward assessment of the shunt, determination

of stability of ventricular volume, and identification of related

complications. This need for confirming the suspicion of a shunt

malfunction by diagnostic radiology increases the risk for long-

term effects of ionizing radiation.9,10 The effective doses for x-rays

are 0.1 (skull), 0.1 (chest), and 0.7 (abdomen) mSv, respectively;

and for CT of the head, it is 2.0 mSv.11 In other words, a visit to the

emergency department will result in nearly the same amount of

radiation that any healthy individual gets from background radi-

ation (estimated at 3 mSv) during a year.11 Despite this diligence

in managing shunt problems, 2 of 3 patients who are investigated

are not found to have shunt malfunction.12

Excessive exposure to radiation is of greater concern in chil-

dren because rapidly dividing cells in children are more radiosen-

sitive than those in adults.13,14 Additionally, a longer lifetime for

children allows the manifestation of radiation injuries, which

have a long latency period before they become apparent in pa-

tients.13 The National Council on Radiation Protection and Mea-

surements estimated that during the past 2 decades the total ex-

posure of the US population to ionizing radiation has nearly

doubled.15 Studies have shown that patients most prone to harm

from diagnostic radiation are children and young adults16; indi-

viduals with medical conditions sensitive to radiation, such as

diabetes mellitus and hyperthyroidism17 (which are possible risk

factors associated with normal pressure hydrocephalus)18; and

individuals receiving multiple doses with time.19 From the 72 mil-

lion CT scans performed in the United States during 2007, 1 study

estimated that 29,000 future cancers and 14,500 deaths could re-

sult from radiation (assuming the cancer incidence to be

0.04%).20,21 The radiation doses that an organ receives from a

typical CT study involving 2–3 scans are in the range of direct

statistical significance for increased cancer risk.14 There are sig-

nificant associations between the estimated radiation doses pro-

vided by CT scans to red bone marrow and brain and subsequent

incidence of leukemia and brain tumors. Assuming typical doses

for scans done after 2001 in children aged younger than 15 years,

cumulative ionizing radiation doses from 2–3 head CTs could

almost triple the risk of brain tumors and 5–10 head CTs could

triple the risk of leukemia.22 In 2002, the International Commis-

sion on Radiologic Protection stated, “The absorbed dose to tissue

from CT can often approach or exceed the levels known to in-

crease the probability of cancer.”23 Although some studies may

rely on unproven scientific assumptions or have not finished col-

lecting data, they illustrate an important consideration for main-

taining diagnostic radiation exposure at a minimum.

The use of MR images can reduce the amount of ionizing

radiation exposure to patients with shunts, as opposed to the use

of x-rays and CT scans. Reducing radiation delivered to patients

could lessen the incidences of long-term effects of radiation, most

notably cancer, because the risk of all solid cancers increases lin-

early with increasing radiation doses up to 2.5 Sv.14 Fast TSE T2

sequences are commonly used in rapid brain MR imaging.24-28

Despite their utility, at least 2 limitations have been described.http://dx.doi.org/10.3174/ajnr.A3334
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One is the lack of sensitivity in identification of extra-axial and

parenchymal blood products that can result from overdrain-

age.29,30 The other is decreased catheter delineation compared

with CT.28 Rapid steady state gradient recalled echo scanning has

been advocated to eliminate the problems associated with rapid

brain MR imaging by using fast TSE T2 sequences.31

A common concern with shunt function is the over- or un-

derdrainage resulting from the mismatch of opening pressure of

the valve to the needs of the patient.7 To address this issue of

mismatch without the need for reoperation, programmable valves

that allow clinicians to change the setting of the opening pressure

were designed. These programmable valves are noninvasively ad-

justed through the application of a magnetic mechanism by using

an external programmer. The first-generation designs involved

confirmation of the setting of the valve by x-rays, leading to more

radiation to the patient. However, when a patient is in close prox-

imity to an external magnetic field, there is a possibility of an

unintentional pressure setting alteration.32 As a result, individuals

with such programmable valves need adjustment after they un-

dergo MR imaging.

In addition, external magnetic fields found in devices such as

video game systems, children’s toys, cell phones, kitchen appli-

ances, loud speakers, iPads (Apple, Cupertino, California), and so

forth have been shown to cause valve malfunctions in shunts.33-38

This exposure not only contributes to the inability of the shunt

device to work properly but leads to increased hospital visits and

thus increased diagnostic scans from CT and x-rays. There have

been specific instances of these cases: A boy playing with toy mag-

nets altered the valve settings on his shunt,38 a man with a pro-

grammable shunt attempted suicide by using an electromagnet,39

an iPad 2 altered the setting on the valve of a 4-month-old girl,37

and the shunt setting of a 5-year-old boy was changed by a house-

hold electric appliance.40

Of the programmable valves used in shunts today, only a few

are MR imaging–safe. The effect of external magnetic fields of 3T

MR imaging scanners on 5 programmable shunts that are avail-

able for use in hydrocephalus was investigated. Of these, only

Miethke ProGav (B Braun, Melsungen, Germany) and Polaris

(Sophysa, Orsay, France) valves were not altered in the presence

of an external magnetic field up to 3T. On the other hand, the

Sophy (Sophysa) valve was altered between 18 and 27 mT; the

Strata (Medtronic, Goleta, California) valve, between 22 and 36

mT; and the Codman Hakim (Codman & Shurtleff, Raynham,

Massachusetts; regular and integrated with Siphon Guard; Cod-

man & Shurtleff) valve, between 43 and 54 mT. The key feature

that prevents inadvertent change in the setting of the valve is a

locking mechanism that needs to be overcome when the setting is

changed deliberately.36

These MR imaging safe–programmable valves avoid the need

for radiation exposure after diagnostic MR imaging. Additionally,

the problems resulting from external magnetic fields from com-

mercial sources can be reduced, if not eliminated. The ability to

observe CSF flow through shunt tubing is another advantage of

using MR imaging for detection of proper functioning of the de-

vice.41,42 The pulsatile movement or flow of the CSF in the cere-

bral aqueduct has been illustrated by several groups by using the

cerebral aqueductal flow void found on MR images. This tech-

nique sensitizes MR images to velocity changes in a specific direc-

tion and is helpful in quantifying CSF production when monitor-

ing patients with hydrocephalus.43,44 Phase-contrast MR imaging

can display the pathologic CSF flow dynamics noninvasively and

allow assessment of the progression of the disorder.44

Although MR imaging–safe shunts are an improvement for

the management of hydrocephalus, shunts are intricate devices

and come with a list of complications. The integrity of the shunt

still needs to be checked by using x-rays. MR imaging scanners are

not available ubiquitously. Therefore, steps should be taken not

only to minimize the risk for long-term complications of ionizing

radiation but for designing alternative shunt-free treatment strat-

egies that go beyond managing hydrocephalus and cure the dis-

order. Such alternatives to surgical treatment not only avoid the

trauma of surgery but also eliminate the life-long exposure to

excess radiation from an implanted shunt, especially in a neonate.
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20. Berrington de González A, Mahesh M, Kim KP, et al. Projected can-
cer risks from computed tomographic scans performed in the
United States in 2007. Arch Intern Med 2009;169:2071–77

21. Meer AB, Basu PA, Baker LC, et al. Atlas SW exposure to ionizing
radiation and estimate of secondary cancers in the era of high-speed
CT scanning: projections from the Medicare population. J Am Coll
Radiol 2012;9:245–50

22. Pearce MS, Salotti JA, Little MP, et al. Radiation exposure from CT
scans in childhood and subsequent risk of leukaemia and brain
tumours: a retrospective cohort study. The Lancet 2012;380:499 –
505

23. ICRP. Managing Patient Dose in Computed Tomography: ICRP Publi-
cation 87. Oxford, UK: Elsevier Science; 2002

24. Engelbrecht V, Malms J, Kahn T, et al. Fast spin-echo MR imaging of
the pediatric brain. Pediatr Radiol 1996;26:259 – 64

25. Penzkofer AK, Pfluger T, Pochmann Y, et al. MR imaging of the brain
in pediatric patients: diagnostic value of HASTE sequences. AJR
Am J Roentgenol 2002;179:509 –14

26. Forbes KP, Pipe JG, Karis JP, et al. Brain imaging in the unsedated
patient: comparison of periodically rotated overlapping parallel
lines with enhanced reconstruction and single-shot fast spin-echo
sequences. AJNR Am J Neuroradiol 2003;24:794 –98

27. Ashley WW Jr, McKinstry RC, Leonard JR, et al. Use of rapid-se-
quence magnetic resonance imaging for the evaluation of hydro-
cephalus in children. J Neurosurg 2005;103(2 suppl):124 –30

28. Iskandar BJ, Sansone JM, Medow J, et al. The use of quick-brain
magnetic resonance imaging in the evaluation of shunt-treated hy-
drocephalus. J Neurosurg 2004;101(2 suppl):147–51

29. Liang L, Korogi Y, Sugahara T, et al. Detection of intracranial hem-
orrhage with susceptibility-weighted MR sequences. AJNR Am J
Neuroradiol 1999;20:1527–34

30. Jones KM, Mulkern RV, Mantello MT. Brain hemorrhage: evalua-
tion with fast spin-echo and conventional dual spin-echo images.
Radiology 1992;182:53–58

31. Miller JH, Walkiewicz T, Towbin RB, et al. Improved delineation of
ventricular shunt catheters using fast steady-state gradient re-
called-echo sequences in a rapid brain MR imaging protocol in
nonsedated pediatric patients. AJNR Am J Neuroradiol 2010;31:
430 –35

32. Shellock FG, Wilson SF, Mauge CP. Magnetically programmable
shunt valve: MRI at 3-Tesla. Magn Reson Imaging 2007;25:1116 –21

33. Nakashima K, Nakajo T, Kawamo M, et al. Programmable shunt
valves: in vitro assessment of safety of the magnetic field generated
by a portable game machine. Neurol Med Chir (Tokyo)
2011;51:635–38

34. Nomura S, Fujisawa H, Suzuki M. Effect of cell phone magnetic
fields on adjustable cerebrospinal fluid shunt valves. Surg Neurol
2005;63:467– 68

35. Schneider T, Knauff U, Nitsch J, et al. Electromagnetic field hazards
involving adjustable shunt valves in hydrocephalus. J Neurosurg
2002;96:331–34

36. Lavinio A, Harding S, Boogaard FV, et al. Magnetic field interactions
in adjustable hydrocephalus shunts. J Neurosurg Pediatr
2008;2:222–28

37. Strahle J, Selzer BJ, Muraszko KM, et al. Programmable shunt valve
affected by exposure to a tablet computer. J Neurosurg Pediatr
2012;10:118 –20

38. Anderson RC, Walker ML, Viner JM, et al. Adjustment and malfunc-
tion of a programmable valve after exposure to toy magnets: case
report. J Neurosurg 2004;101(2 suppl):222–25

39. Turner SG, Hall WA. Programmable shunt-related suicide attempt.
Acta Neurochir (Wien) 2006;148:1307–10, discussion 1310

40. Kataria R, Kumar V, Mehta VS. Programmable valve shunts: are
they really better? Turk Neurosurg 2012;22:237–38

41. Lavinio A, Harding S, Boogaard FVD, et al. Magnetic field interac-

tions in adjustable hydrocephalus shunts. J Neurosurg Pediatrics
2008;2:222–28

42. Frank E, Buonocore M, Hein L. Magnetic resonance imaging analy-
sis of extremely slow flow in a shunt model system. Childs Nerv Syst
1992;8:73–75

43. Gideon P, Stahlberg F, Thomsen C, et al. Cerebral fluid flow and
production in patients with normal pressure hydrocephalus stud-
ied by MRI. Neuroradiology 1994;36:210 –15

44. Lee JH, Lee HK, Kim JK, et al. CSF flow quantification of the cerebral
aqueduct in normal volunteers using phase contrast cine MR imag-
ing. Korean J Radiol 2004;5:81– 86

EDITORIAL

Multisociety Consensus Quality
Improvement Guidelines for
Intra-Arterial Catheter-Directed
Treatment of Acute Ischemic Stroke:
Implications for Neuroradiology and
Stroke Centers
J.J. Connors
C.M. Black

In 2001, the leadership of the American Society of Neuroradiol-

ogy (ASNR), the Society of Interventional Radiology (SIR), and

the Society of NeuroInterventional Surgery (SNIS, formerly the

American Society of Interventional and Therapeutic Neuroradi-

ology) wrote an official statement asserting that our members

were capable of treating stroke with appropriate and adequate

training.1 Now, more than a decade later and in the wake of sig-

nificant advancement of endovascular (intra-arterial [IA]) tech-

niques, it is mandatory that quality standards exist for the IA

treatment of stroke. For this reason, the ASNR joined an interna-

tional multisociety writing group to delineate these standards.

The “Multisociety Consensus Quality Improvement Guidelines

for Intraarterial Catheter-directed Treatment of Acute Ischemic

Stroke” is now available on-line via hotlink provided in this issue

of the American Journal of Neuroradiology.

The development and the evolution of IA stroke therapy have

been controversial topics in various medical communities, and

this therapy is still not universally accepted. Although thrombol-

ysis is better than conservative therapy,2,3 modern thrombectomy

devices have not yet proved to be clinically beneficial. In addition,

IA stroke therapy is resource-intensive, emergent, and leads to

good outcomes in perhaps only 50% of patients. As a result, IA

treatment is not performed at many institutions. However, in the

belief of these many international societies, for properly selected

patients with large vessel occlusions, the outcomes for IA treat-

ment are better than those from intravenous tPA alone. Further-

more, comprehensive stroke centers are required to offer this pro-

cedure because major benefit might be conferred to a significant

proportion of patients with severe stroke. For this reason, quality

improvement guidelines are both timely and necessary.
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