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Prosepective Study to Evaluate Rate and Frequency of Perturbations of Implanted
Programmable Hakim Codman Valve After 1.5-Tesla Magnetic Resonance Imaging

Jody Filippo Capitanio, Alice Venier, Lucio Aniello Mazzeo, Lina Raffaella Barzaghi, Stefania Acerno, Pietro Mortini

BACKGROUND: Exposure to magnetic fields may alter the
settings of programmable ventriculoperitoneal shunt valves
or even cause permanent damages to these devices. There is
little information about this topic, none on live patients.

OBJECTIVE: To investigate the effects of 1.5-tesla mag-
netic resonance imaging (MRI) on Hakim-Codman (HC)
pressure programmable valves implanted in our hospital.

METHODS: A single-center prospective study to assess
the rate of perturbations of HC programmable valve
implanted. One hundred consecutive patients implanted for
different clinical reasons between 2008 and 2012 were
examined. A conventional skull x-ray before and after a
standard MRI on 1.5 tesla. We evaluated hefore and after
results, analyzed modification rate, and verified eventual
damages to the implanted devices.

RESULTS: Implanted HC valves are extremely handy and
durable, even if they are likely to change often due to the
exposure to magnetic fields. None of the patients com-
plained of heating effects. Oscillations range from 10—30
mm H,0 with a patient who reached 50 mm H,0 and 1 who
reached 60 mm H,0. Global alteration rate was 40%: 10
patients (10%) experienced a 10 mm H,0 change; 14
patients (14%) had a 20 mm H,0 change; 6 patients (6%) had
a 30 mm H,0 change; 8 patients (8%) had a 40 mm H,0
change; 1 patient had a 50 mm H,0 change; and 1 patient
had a 60 mm H,0 change.

CONCLUSIONS: HC valves presented a variable pertur-
bation rate, with an alteration rate of 40% with 1.5-telsa

MRI. We have not observed malfunctioning hardware as
a result of magnetic influence. We claim a cranial x-ray
immediately after the MRI because of a high risk (40%) of
decalibration, especially in patients with low ventricles
compliance.

INTRODUCTION

ydrocephalus is one of the most common neurosurgical
H problems in children and adults. Survival and intellec-

tual outcome of these patients were dramatically
improved with the introduction of shunt systems.”*

Next was the introduction of pressure-regulated valves paired
within the cerebrospinal fluid (CSF) shunt systems.>® At present
valve-regulated CSF shunt systems are used in the treatment of
many conditions such as virtually all hydrocephalus, symptomatic
intracranial cysts, pseudotumor cerebri, and hygromas.*”™

In the past 40 years, various types of valve designs were
developed and produced.

In 1973 Hakim designed a new shunt system with an adjustable
valve to regulate opening pressure, suggesting that the most
important factor in CSF drainage was the valve’s opening pres-
sure.’ This was such an innovation. Surgeons could adjust the
opening pressure noninvasively according to the clinical and
radiologic findings in the postoperative period, managing
overdrainage and underdrainage, thus avoiding a surgical
revision, decreasing the duration of the hospital stays, and
improving the quality of the patient’s life. As a result every
patient receives a personalized treatment regimen." "

Key words

Hakim-Codman programmable valve
Hydrocephalus

Implantable valves

Magnetic field exposure

Shunt susceptibility

Abbreviations and Acronyms

CSF: Cerebrospinal fluid

HKV: Hakim Codman valve

MRI: Magnetic resonance imaging

T: Tesla

TMS: Transcranial magnetic stimulation
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PERTURBATION OF PROGRAMMABLE VALVES AFTER MRI

The Codman Hakim programmable valve is a double-ball
valve.”” The opening pressure is adjustable between 30 and 200
mm H,O by raising the spring on a spiral polyethersulfone
staircase with a “stepper motor” containing a magnet turned by
an external electromagnetic field provided by an external
programmer. A radiopaque marker reveals the opening pressure
setting after implantation. If needed, the opening pressure of
the valve could be adjusted by using an external programmer
tool to magnetically match the shunt’s setting to the CSF flow.
It is not unusual that patients might encounter magnetic fields
in their daily life—magnetic resonance imaging (MRI),
transcranial magnetic stimulation (TMS), or be in contact with
extremely common magnetic devices and newly designed
hardwares.”**® Exposure to powerful magnetic fields may move
the valve, alter the programmed settings, or even permanently
damage the device.'*>

METHODS

The Codman Hakim programmable valve has been used in our
department since 2004. In this article we present data obtained
from a prospective study, which considers 100 consecutive
patients operated on from June 2010 to November 2012, in which
we investigate the effect of 1.5 tesla (T) magnetic field exposure
on implanted Codman Hakim programmable valves. None of the
recent studies, however, placed special emphasis on this prob-
lem. This study estimates the changes of pressure setting in
shunt-dependent patients bearer of the Hakim Codman pro-
grammable valve and undergo a 1.5-T MRI. All investigations
were performed using a Philips Achieva 1.5 T MRI (Philips
Medical Systems, Best, Holland) and a neurovascular 16-channel
head coil. The tests were performed at room temperature (be-
tween 20° and 23°C). The effect of exposure to the magnetic field
was tested, checking the pressure setting before and after MRI by
a lateral skull x-ray. The imaging protocol consisted of the
following sequences with specific parameters: T,-weighted
sequences, TR 596 mseconds, TE 15 mseconds, and FOV 23 mm
(288 matrix); T,-weighted Turbo spin Echosequence, TR 4454
mseconds, TE 100 mseconds, FOV 230 mm (480 matrix); and
diffusion-weighted single shot sequences with enhanced
gradient mode and sense, TR 2929 mseconds, TE 62 mseconds,
FOV 240 mm (288 matrix).

RESULTS

Statistical analysis

The number and rate of changes in valve before and after MRI
exposure were as follows: we observed an overall rate of deregu-
lation of 40% (40 of 100 patients); rate of deregulation was as
follows: 10 patients (10%), 10 mm H,O; 14 patients (14%), 20 mm
H,O0; 6 patients (6%), 30 mm H,O; 8 patients (8%), 40 mm H,O.
In 1 patient we observed both deregulation of 50 and 60 mm H,O.
Our results primarily demonstrated that the settings of the Hakim
Codman valves were variably perturbed with a rate of deregulation
of 40% by 1.5-T MRI. In 60% of the cases, valves were unper-
turbed. No patients complained of heating consequence and

we have not observed hardware malfunctioning after magnetic
influence.

DISCUSSION

CSF shunts are widely positioned to drain CSF away from the
cerebral ventricles to treat hydrocephalus (e.g., the peritoneal
cavity, the right atrium of the heart or pleural space) through an
elastic catheter. A valve is inserted into the catheter pathway to
ensure that the CSF flows away from the brain and to control the
pressure and the flow. The use of a programmable device enables
noninvasive modulation of the opening pressure level and avoids
the need for surgical fine-tuning. In addition, the patient can
receive a personalized treatment. Most programmable valves
incorporate a magnetically activated component regulated by an
external programmer device to match the shunt’s setting to the
CSF flow. Thus, exposure of these shunts to magnetic fields may
cause inadvertent changes in valve settings.”®'® This can be
problematic for patients subjected to a high magnetic field by a
vagal nerve stimulator magnet,” a toy magnet,"**°3 or more
commonly, MRI.**** Exposure to powerful magnetic fields may
move the valve, alter the programmed settings, or even perma-
nently damage the device."*"”*> TMS (now used routinely to
evaluate motor cortex excitability and motor corticospinal path-
ways in clinical neurophysiology laboratories) is another powerful
magnetic source that can potentially interact with programmable
valves. Like MRI, TMS may expose valves to an intense, focal
magnetic field of up to 2 T" by generating a powerful, focal
magnetic field over cortex areas. Because patients will be
exposed to them during their lifespan, we question the absolute
necessity of this procedure. The risk and urgency of the
procedure must be calculated. We established that is an
extremely common condition that always needs an urgent
confirmation. Because ventriculoperitoneal shunt hardware
might be damaged under magnetic influence we tested it with a
1.5-T MRI—a far more common and diffused MRI than the 3 T.
We believe that data resulting from a 1.5-T study would be more
beneficial. Although in November 2011, Codman made available
CERTAS PLUS, a programmable valve designed to withstand un-
intended pressure setting changes due to external magnetic in-
fluences, including MRI up to 3 T we support the usage of HAKIM
programmable valve because of their manageability (18 options
that range from 30—200 mm H,0) and because CERTAS PLUS are
contraindicated for atrium drainage and have “only 8” discrete
settings including a “virtual-off.”

CONCLUSIONS

In conclusion, the 1.5-T MRI was responsible for perceptible
changes in opening pressure settings and/or movement in Hakim
Codman programmable hydrocephalus valves in our experiment.
These results prompt us to give the following general advice: given
that MRI did not damage valves, the technique is not strictly
contraindicated in patients with hydrocephalus. However, caution
should be applied. To ensure safety, valve settings should be
checked immediately after all MRI sessions in shunted patients
with hydrocephalus.**

298 WWW.SCIENCEDIRECT.cOM

WORLD NEUROSURGERY, HTTP://DX.DOI.ORG/10.1016/4.WwNEU.2015.09.082


www.sciencedirect.com/science/journal/18788750
http://dx.doi.org/10.1016/j.wneu.2015.09.082

JODY FILIPPDO CAPITANIO ET AL.

ORIGINAL ARTICLE

PERTURBATION OF PROGRAMMABLE VALVES AFTER MRI

REFERENCES

I.

10.

. Symss NP, Oi S.

. Hakim S.

Kausch W. The treatment of hydrocephalus in
small children [in German]. Arch Klin Chir. 1908;87:
709796

. Torkildsen A. A new palliative operation in cases

of inoperable occlusion of sylvian aqueduct. Acta
Chir Scand. 1939;82:117-124.

. Matson DD. A new operation for the treatment of

communicating hydrocephalus; report of a case
secondary to generalized meningitis. ] Neurosurg.
1949;0:238-247.

Is there an ideal shunt? A
panoramic view of 110 years in CSF diversions and
shunt systems used for the treatment of hydro-
cephalus: from historical events to current trends.
Child’s Nervous Syst. 2015;31:191-202.

. Yamada H. A flow-regulating device to control

differential pressure in CSF shunt systems. Tech-
nical note. ] Neurosurg. 1982;57:570-573.

Hydraulic and mechanical mis-
matching of valve shunts used in the treatment
of hydrocephalus: the need for a servo-valve
shunt. Dev Medicine Child Neurol. 1973;15:646-653.

. Laviv Y, Michowitz S. Acute intracranial hyper-

tension and shunt dependency following treat-
ment of intracranial arachnoid cyst in a child: a
case report and review of the literature. Acta Neu-
rochirurgica. 2010;152:1419-1423.

. Nadkarni TD, Rekate HL, Wallace D. Concurrent

use of a lumboperitoneal shunt with program-
mable valve and ventricular access device in the
treatment of pseudotumor cerebri: review of 40
cases. ] Neurosurg Pediatr. 2008;2:19-24.

. Njiokiktjien CJ, Valk J, Ponssen H. Subdural

hygroma: results of treatment by ventriculo-
abdominal shunt. Child’s Brain. 1980;7:285-302.

Zemack G, Romner B. Seven years of clinical
experience with the programmable Codman

II.

12.

13.

14.

15.

16.

17.

18.

Hakim valve: a retrospective study of 583 patients.
] Neurosurg. 2000;92:941-943.

Chang CC, Kuwana N, Ito S. Management of
patients with normal-pressure hydrocephalus by
using lumboperitoneal shunt system with the
Codman Hakim programmable valve. Neurosurg
Focus. 1999;7:€8.

Black PM, Hakim R, Bailey NO. The use of the
Codman-Medos Programmable Hakim valve in the
management of patients with hydrocephalus:
illustrative cases. Neurosurgery. 1994;34:1110-1113.

Pollack IF, Albright AL, Adelson PD.
A randomized, controlled study of a programma-
ble shunt valve versus a conventional valve for
patients with hydrocephalus. Hakim-Medos
Investigator ~ Group.  Neurosurgery.  1999;45:
1399-1408; discussion 1408-1411.

Zuzak TJ, Balmer B, Schmidig D, Boltshauser E,
Grotzer MA. Magnetic toys: forbidden for pediat-
ric patients with certain programmable shunt
valves? Child’s Nervous Sys. 2009;25:161-164.

Strahle J, Selzer BJ, Muraszko KM, Garton HJ,
Maher CO. Programmable shunt valve affected by
exposure to a tablet computer. ] Neurosurg Pediatr.
2012;10:118-120.

Shellock FG, Bedwinek A, Oliver-Allen M,
Wilson SE. Assessment of MRI issues for a 3-T
“immune” programmable CSF shunt valve. AJR.
2011;197:202-207.

Lefranc M, Ko JY, Peltier J, Fichten A,
Desenclos C, Macron JM. Effect of transcranial
magnetic  stimulation on four types of
pressure-programmable valves. Acta Neurochirurgica.
2010;152:689-697.

Inoue T, Kuzu Y, Ogasawara K, Ogawa A. Effect of
3-tesla magnetic resonance imaging on various
pressure programmable shunt valves. ] Neurosurg.
2005;103 (2 Suppl):163-165.

19.

20.

2I.

22,

23.

24.

Lavinio A, Harding S, van der Boogaard F,
Czosnyka M, Smielewski P, Richards HK.
Magnetic field interactions in adjustable hydro-
cephalus shunts. ] Neurosurg Pediatr. 2008;2:
222-228.

Nakashima K, Oishi A, Itokawa H, Fujimoto M.
Effect of magnetic fields from home-use magnetic
induction therapy apparatuses on adjustable
cerebrospinal fluid shunt valves. No Shinkei Geka
Neurol Surg. 2010;38:725-729.

Nakashima K, Nakajo T, Kawamo M, Kato A,
Ishigaki S, Murakami H. Programmable shunt
valves: in vitro assessment of safety of the
magnetic field generated by a portable game
machine. Neurologia Medico-chirurgica. 2011;51:
635-638.

Utsuki S, Shimizu S, Oka H, Suzuki S, Fujii K.
Alteration of the pressure setting of a Codman-
Hakim programmable valve by a television. Neu-
rologia Medico-chirurgica. 2006;46:405-407.

Nomura S, Fujisawa H, Suzuki M. Effect of cell
phone magnetic fields on adjustable cerebrospinal
fluid shunt valves. Surg Neurol. 2005;63:467-468.

Franzin CM, Teriete P, Marassi FM. Membrane
orientation of the Na,K-ATPase regulatory mem-
brane protein CHIF determined by solid-state
NMR. Magnetic Resonance Chem. 2007;45 (Suppl 1):
S192-S197.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 11 July 2015, accepted 23 September 2015
Citation: World Neurosurg. (2016) 88:297-299.
http://dx.doi.org/10.1016/j.wneu.2015.09.082

Journal homepage: www.WORLDNEUROSURGERY.org
Available online: www.sciencedirect.com

1878-8750/% - see front matter © 2016 Elsevier Inc.
All rights reserved.

4 N\
([i.:\, WORLD FEDERATION OF NEUROSURGICAL SOCIETIES
\ / Mission Statement
W To facilitate the personal association of neurological surgeons throughout the world
B To aid in the exchange and dissemination of knowledge and ideas in the field of neurological surgery
B To encourage research in neurological surgery and allied sciences
B To address issues of neurosurgical demography
B To address issues of Public Health
B To implement, improve and promote the standards of neurosurgical care and training worldwide
. J

WORLD NEUROSURGERY 88: 297-299, ArriL 2016

WWW.WORLDNEUROSURGERY.ORG

299


http://refhub.elsevier.com/S1878-8750(15)01250-4/sref1
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref1
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref1
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref2
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref2
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref2
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref3
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref3
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref3
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref3
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref4
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref4
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref4
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref4
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref4
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref5
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref5
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref5
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref6
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref6
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref6
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref6
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref7
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref7
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref7
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref7
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref7
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref8
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref8
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref8
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref8
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref8
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref9
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref9
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref9
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref14
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref14
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref14
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref14
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref15
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref15
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref15
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref15
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref15
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref16
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref16
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref16
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref16
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref17
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref17
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref17
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref17
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref17
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref17
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref18
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref18
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref18
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref18
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref19
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref19
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref19
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref19
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref20
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref20
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref20
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref20
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref21
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref21
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref21
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref21
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref21
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref22
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref22
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref22
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref22
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref23
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref23
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref23
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref23
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref23
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref24
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref24
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref24
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref24
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref24
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref25
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref25
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref25
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref25
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref25
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref25
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref26
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref26
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref26
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref26
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref27
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref27
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref27
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref28
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref28
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref28
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref28
http://refhub.elsevier.com/S1878-8750(15)01250-4/sref28
http://dx.doi.org/10.1016/j.wneu.2015.09.082
http://www.WORLDNEUROSURGERY.org
www.sciencedirect.com/science/journal/18788750
http://www.WORLDNEUROSURGERY.org

	Prosepective Study to Evaluate Rate and Frequency of Perturbations of Implanted Programmable Hakim Codman Valve After 1.5-T ...
	Introduction
	Methods
	Results
	Statistical analysis

	Discussion
	Conclusions
	References


