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Continuous ICP monitoring is essential in the stan-
dard management of patients with a wide range 
of intracranial conditions, including severe head 

injury. As MRI often provides important clinical infor-
mation in the acute stage of brain injury, ICP monitor-
ing in patients undergoing MRI examination is growing 

increasingly common. However, given that there have 
been a substantial number of thermal injuries caused by 
the effect of the RF radiation used in MRI on monitoring 
devices, special care must be taken to ensure the safety 
and accuracy of ICP monitoring devices in the MRI set-
ting.3,8–11,20,22,25–27

Two types of systems are used to monitor ICP: fluid-
coupled systems, which use an intraventricular catheter, 
and non–fluid-coupled systems, which use one of the 
variety of intracranial miniature transducers that have 
been developed over the past 25 years. Although use of 
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Magnetic resonance imaging is used with increasing frequency to provide accurate clinical information in cases 
of acute brain injury, and it is important to ensure that intracranial pressure (ICP) monitoring devices are both safe 
and accurate inside the MRI suite. A rare case of thermal brain injury during MRI associated with an overheated ICP 
transducer is reported.

This 20-year-old man had sustained a severe contusion of the right temporal and parietal lobes during a motor 
vehicle accident. An MR-compatible ICP transducer was placed in the left frontal lobe. The patient was treated with 
therapeutic hypothermia, barbiturate therapy, partial right temporal lobectomy, and decompressive craniectomy. Im-
mediately after MRI examination on hospital Day 6, the ICP monitor was found to have stopped working, and the 
transducer was subsequently removed. The patient developed meningitis after this event, and repeat MRI revealed ad-
ditional brain injury deep in the white matter on the left side, at the location of the ICP transducer. It is suspected that 
this new injury was caused by heating due to the radiofrequency radiation used in MRI because it was ascertained that 
the tip of the transducer had been melted and scorched. Scanning conditions—including configuration of the trans-
ducer, MRI parameters such as the type of radiofrequency coil, and the specific absorption rate limit—deviated from 
the manufacturer’s recommendations. In cooperation with the manufacturer, the authors developed a precautionary 
tag describing guidelines for safe MR scanning to attach to the display unit of the product.

Strict adherence to the manufacturer’s guidelines is very important for preventing serious complications in pa-
tients with ICP monitors undergoing MRI examinations.
(http://thejns.org/doi/abs/10.3171/2012.9.JNS12738)
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Abbreviations used in this paper: DBS = deep brain stimulation; 
FDA = US Food and Drug Administration; GCS = Glasgow Coma 
Scale; ICP = intracranial pressure; RF = radiofrequency; SAR = 
specific absorption rate; WBC = white blood cell.
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an intraventricular catheter was once the gold standard, 
commercially available intracranial transducers offer ad-
vantages in terms of ease of insertion and reduced risk 
of infection and are now used more commonly.7,14,16,19,28,30

The FDA has provided useful definitions regarding 
the safety of clinical equipment in the MR environment. 
A device is defined as “MR safe” when its use in MRI 
has been demonstrated to present no additional risk to 
the patient but the MR environment may affect the qual-
ity of the diagnostic information. A device is defined as 
“MR compatible” when it is MR safe and has also been 
demonstrated to neither significantly affect the quality of 
the diagnostic information nor have its operations affect-
ed by the MR environment. The Codman MicroSensor 
(Johnson & Johnson, Codman & Shurtleff, Inc.) is con-
sidered an MR-compatible device in many countries of 
the European Union and also in Japan (although not in 
the US). It is not well known, however, that the manu-
facturer’s guidelines must be strictly followed, including 
configuration of the transducer in a specific geometry and 
adherence to the recommended parameters, such as using 
a 1.5-T MR system with a transmit/receive RF body coil, 
transmit body coil/receive-only head coil, or transmit/re-
ceive head coil; and limiting the SAR to 1.0 W/kg. The 
aim of this article is to present an unusual case of severe 
brain injury sustained in a traffic accident followed by a 
thermal brain injury, which we believe was caused by an 
overheated and melted Codman MicroSensor ICP trans-
ducer during MRI scanning, as a result of not strictly fol-
lowing the manufacturer’s guidelines.

Case Report

History and Presentation. This 20-year-old man was 
involved in a motor vehicle accident in October 2008 and 
was found unresponsive at the scene. He was transport-
ed by ambulance directly to the emergency room of the 
Critical Care and Emergency Medicine Department at 
Okayama University Hospital. On arrival, he had a blood 
pressure of 150/100 mm Hg, heart rate of 112 beats per 
minute, and GCS score of 7. Both pupils were 7.0 mm, 
round, and unreactive to light. Tracheal intubation was 
performed immediately after arrival in the emergency 
room. Radiography of the patient’s chest revealed bilater-
al pulmonary contusions and a fractured right clavicle. A 
subsequent CT scan of the chest revealed bilateral pulmo-
nary contusions and fractured right transverse processes 
and vertebral arches of T5–7. A CT scan of the head dem-
onstrated a right parietal fracture, no skull base fracture, 
contusion of the right temporoparietal lobe, right subdu-
ral hematoma, subarachnoid hemorrhage, and a slight 
shift of the midline to the left. 

Initial Treatment, Lobectomy, and Decompressive 
Craniectomy. We inserted an ICP transducer (Codman 
MicroSensor; Johnson & Johnson, Codman & Shurtleff, 
Inc.) and obtained an initial ICP reading of 63 mm Hg 
and a cerebral perfusion pressure reading of 40 mm Hg. 
Therapeutic hypothermia at 32°C was started immedi-
ately after admission. However, in spite of intensive inter-

vention, including barbiturate therapy, the patient’s ICP 
remained higher than 40 mm Hg and a second head CT 
scan revealed a deterioration of brain swelling. A partial 
right temporal lobectomy and decompressive craniecto-
my were performed 8 hours after admission. The patient’s 
ICP decreased to 10–20 mm Hg postoperatively and a 
third head CT scan performed immediately after surgery 
showed decreased brain swelling.

Postoperative Course and Imaging Findings. A CT 
scan of the patient’s head on hospital Day 5 demonstrated 
improvement of brain swelling and showed that the tip of 
the ICP transducer was located in the parenchyma of the 
left frontal lobe near the frontal angle of the left lateral 
ventricle (Fig. 1A and B). 

When therapeutic hypothermia was discontinued 
on Day 6, MRI was performed to evaluate the presence 
of intracranial lesions, including diffuse axonal injury, 
and any cervical spinal cord injury. The scans revealed 
contusions of the right temporoparietal lobe only, and no 
diffuse axonal injury or cervical spinal cord injury (Fig. 
1C–E). No contusions were demonstrated in the left cere-
bral hemisphere. 

After the scan, the patient was returned to the inten-
sive care unit, where it became evident that the ICP moni-
toring system was no longer functioning. The transducer 
was removed and submitted to Johnson & Johnson with-
out careful inspection. 

Three days afterward (that is, on hospital Day 9), the 
patient developed neck stiffness and fever up to 40°C. 
Blood tests revealed a WBC count of 12,000/mm3, an in-
creased proportion of immature leukocytes (band neutro-
phils), and a C-reactive protein level of 12.21 mg/dl.

On Day 10, blood tests revealed a WBC count of 
20,950 cells/mm3 and a blood sugar level of 145 mg/dl. 
Cerebrospinal fluid examination revealed a WBC count 
of 5730 cells/mm3 with 80% polymorphonuclear neutro-
phils and 20% lymphocytes, an elevated protein content 
(312 mg/dl), and a decreased glucose concentration (33 
mg/dl). Another head CT scan was performed (on Day 
10), and the radiology report indicated that the low-den-
sity area in the left frontal lobe at the previous location 
of the ICP transducer, near the frontal angle of the left 
lateral ventricle, was slightly more conspicuous than in 
the head CT scan from Day 5 (Fig. 2A). 

The patient’s condition was diagnosed as bacte-
rial meningitis, and the relevance of the ICP transducer 
malfunction was not recognized at that time. Although 
the examination of a Gram-stained CSF smear showed 
no bacteria, antibiotic treatment was started immediately 
after the diagnosis of meningitis, on Day 10. Repeated 
culture of the CSF did not reveal any bacteria. The patient 
was treated with intravenously administered meropenem 
trihydrate 2 g/day for 9 days and intraspinal injection 
of gentamicin sulfate 10 mg/day for 5 days. The patient 
became afebrile and CSF findings showed a marked 
improvement on Day 17. His level of consciousness im-
proved markedly (GCS score E4VTM6), although it be-
came evident on Day 26 that he had total left hemiplegia. 

A follow-up CT scan of the head was performed on 
Day 26 because blood testing revealed a WBC count of 
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13,660 cells/mm and left shift, although the patient was 
afebrile. The CT scan revealed that the low-density area 
in the left frontal lobe near the frontal angle of the left lat-
eral ventricle, where the ICP transducer had been located, 
remained almost unchanged. 

This finding led to the suspicion of thermal brain in-
jury caused by the overheated and melted ICP transducer 
during the MRI procedure. Contrast-enhanced CT scans 
on Day 27 and Gd-enhanced T1-weighted MRI scans on 
Day 28 revealed a ring-enhancing lesion (Fig. 2B and D). 
Diffusion-weighted and T2-weighted MRI on Day 28 re-
vealed a well-circumscribed, ovoid, high-intensity lesion 
with a low-intensity center, approximately 26.5 mm in a 
diameter, in the left frontal lobe near the frontal angle 
of the left lateral ventricle, in the previous location of 
the ICP transducer (Fig. 2C and E). Furthermore, T2-
weighted imaging revealed a high-intensity tract in a low-
intensity center with a high-intensity small surrounding 
area, which did not have findings compatible with a brain 
abscess, such as a large high-intensity circumference in-
dicating edema of the surrounding parenchyma (Fig. 2E). 
We diagnosed the lesion as a healing thermal brain in-
jury, because the combination of a small high-intensity 
area surrounding the lesion and a low-intensity central 
area on T2-weighted MR images, which corresponded 
to the ring-enhancing lesion evident on Gd-enhanced T1-
weighted scans, was compatible with coagulative necro-
sis. 

It was decided to continue conservative treatment 
without antibiotic therapy, because both physical exami-
nation findings and blood testing indicated that the in-

flammation had decreased, and the CT scan obtained on 
Day 27 demonstrated a reduction in the low-density area 
compared with Day 10 (Fig. 2A and B). An MRI study 
of the head on Day 41 revealed a further reduction in the 
size of the lesion. Cranial osteoplasty was performed on 
Day 47 and there were no postoperative complications. 
The patient made an excellent cognitive recovery and was 
discharged to a rehabilitation unit on Day 59. 

Investigation of the Cause of the Incident. When we 
removed the ICP transducer from the patient on Day 6, 
we submitted it to Johnson & Johnson and asked them to 
investigate why it had stopped working. The Medical Ac-
cident Investigation Board at Okayama University Hospi-
tal discussed the cause of the incident several times and 
asked Johnson & Johnson to undertake an in-depth analy-
sis. Four months after the incident, they reported that the 
transducer was melted and scorched 4–13 mm from the 
tip, with the most melted portion being 7–12 mm from 
the tip (Fig. 3 left). Radiophotography showed that the 3 
copper conducting wires in the nylon-coated transducer 
had snapped at 9 mm from the tip (Fig. 3 right). They 
also reported the possibility that local bending of the ICP 
transducer, which was observed at 11 mm from the tip, 
had resulted in twin deformation of the conductor with 
consequent high localized electrical impedance. How-
ever, as the medical doctor who had inserted the Cod-
man MicroSensor transducer testified that he had done so 
without bending it, this apparent bend in the transducer 
may have resulted from the melting. Johnson & Johnson 
also indicated that the conductor of the ICP transducer 

Fig. 1. A and B: Axial CT images obtained on Day 5 after right temporal lobectomy and decompressive craniectomy dem-
onstrating improvement of brain swelling. The ICP transducer tip (white arrows) is located in the left frontal lobe parenchyma 
near the frontal angle of the left lateral ventricle.  C–E: Axial MR images obtained on Day 6, including diffusion-weighted (C), 
T1-weighted (D), and T2-weighted (E) sequences. The diffusion-weighted and T2-weighted images demonstrate contusions of 
the right temporoparietal lobe (white arrowheads) but no diffuse axonal injury. No contusions are demonstrated in the left cerebral 
hemisphere. The T1-weighted and T2-weighted images also demonstrate that the ICP transducer tip (white arrows) is located in 
the left frontal lobe parenchyma near the frontal angle of the left lateral ventricle. 
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might form a closed loop if configured in parallel with 
the RF coil, or if it was touching the patient on another 
part of his body other than where it was inserted. They 
concluded that under these conditions, the RF energy of 
the MR scanner might induce an electrical current of suf-
ficient magnitude to increase the temperature of the tip 
of the transducer, melt the nylon coating, and snap the 

conducting wires. Furthermore, the Medical Device Re-
porting document prepared by the Quality Assurance 
Department of Johnson & Johnson K.K. Vigilance and 
Safety Group provided information about 6 other cases 
similar to the current case that had been reported as of 
December 2008 worldwide, but not published (Table 1). 
The Quality Assurance Department reported that the fre-
quency of such incidents was 0.0015% (15 per million), 
with 6 incidents in 410,000 sales. It is unclear whether the 
manufacturer’s safety guidelines were adhered to in these 
6 previous cases.

It was ascertained that the multiple scan sequence of 
the MRI on Day 6 in the current case used a standard 
transmit/receive circular polarization head coil for the 
head scan, and a standard transmit body coil and receive 
neck array coil for the cervical spinal cord scan, with a 
1.5-T unit (Magnetom Vision, Siemens AG). All the MR 
images were reviewed, and the examination protocols are 
summarized (with sequence parameters) in Table 2. A to-
tal of 430 images were obtained during this examination, 
with various pulse sequences used in both the axial and 
sagittal planes (Table 2). The actual whole-body-averaged 
SAR values were calculated based on the imaging param-
eters used and the weight of the patient by Siemens Japan 
K.K., and they ranged from 0.001 to 1.2938 W/kg. Only 
the highest value of 1.2938 W/kg, during cervical spinal 
cord imaging, exceeded the limit of 1.0 W/kg recom-

Fig. 2. A: Axial CT image obtained on Day 10 demonstrating that the low-density area in the left frontal lobe parenchyma 
(white arrow), in the previous location of the ICP transducer, is slightly more conspicuous than on Day 5.  B: Contrast-enhanced 
CT image obtained on Day 27 demonstrating a reduction in the low-density area (white arrow) compared with Day 10.  C–E: 
Axial MR images obtained on Day 28, including diffusion-weighted (C), Gd-enhanced T1-weighted (D), and T2-weighted (E) 
sequences. The diffusion-weighted and T2-weighted images demonstrate a high-intensity lesion with a low-intensity center 
approximately 26.5 mm in diameter (white arrow), which is a well-circumscribed ovoid mass deep in the white matter of the left 
frontal lobe near the frontal angle of the left lateral ventricle, in the previous location of the ICP transducer. The T2-weighted 
image also demonstrates a high-intensity tract inside a low-intensity center surrounded by a small high-intensity area. The high-
intensity tract corresponds to the shape and location of the tip of the ICP transducer. The Gd-enhanced T1-weighted MR image 
reveals a ring-enhancing lesion (white arrow). The ring enhancement in the Gd-enhanced T1-weighted image (D) corresponds to 
the small area of high signal intensity surrounding the lesion in the T2-weighted image (E). 

Fig. 3. Photographs of the Codman MicroSensor ICP transduc-
er.  Left: Enlargement of the photograph of the strain gauge transduc-
er of the Codman MicroSensor used in the current case. (Each scale 
interval represents 1 mm.) Although the copper wire in the transducer 
is not exposed, the transducer is melted and scorched at 7–12 mm from 
the tip. A black substance can be seen on the surface of the trans-
ducer tip. The appearance of this coating was consistent with charred 
blood.  Right: Enlargement of a portion of a radiophotograph of the 
Codman MicroSensor ICP transducer removed from our patient dem-
onstrating that the 3 copper conducting wires within the nylon coating 
were completely broken at 9 mm from the tip. Original magnification 
×150. 
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mended by the manufacturer. The total examination time 
was 48 minutes. 

Although it became evident that the instruction man-
ual that came with the ICP monitoring system used in 
the current case was the old version, which did not in-
clude any information about the correct configuration of 
the transducer or the recommended parameters for MRI, 
we concluded that the incident happened due to failure 
by medical doctors to follow the safety recommenda-
tions published by the manufacture. After the report from 
Johnson & Johnson, Codman Shurtleff, Inc., we devel-

oped a precautionary tag in cooperation with them, which 
clearly illustrates the correct configuration of the trans-
ducer and the important parameters for safe MR scan-
ning. The manufacturer attached the tag to all display 
units in hospitals using this product in Japan immediately 
after it was produced.

Discussion
In the current case, an ICP transducer stopped func-

tioning after MRI of the head and cervical spine on the 

TABLE 1: Clinical summary of 6 cases of thermal injury related to the Codman MicroSensor after MRI*

Case 
No. Country

Date of  
Event

MR  
Strength MDR Description of Event or Problem

Device  
Evaluated MDR Investigation Notes

1 Sweden 12/23/2002 1.5 T Following placement, the patient was exposed to 
 MRI and the magnetic field caused damage  
 to the tip of the sensor. The tip of the sensor  
 burned and broke. The heat around the tip of  
 the sensor caused damage to the brain and  
 further surgery was required to remove the  
 broken sensor tip from the brain.

yes The outer sheath of the sensor was burned  
 and melted, apparently resulting from expo- 
 sure to a high heat source. The heat source  
 cannot be determined, although some form  
 of electrical damage might be the root of the 
 problem. The device could not be fully eval- 
 uated due to the extensive damage incurred.

2 Sweden 1/22/2003 1.5 T The patient had a sensor implanted on 1/16/03.  
 The sensor was not functioning on 1/22/03  
 when the patient was exposed to MRI. The  
 sensor was burned and stuck in the patient’s  
 brain. The nylon catheter broke when the  
 doctor tried to remove the sensor from the  
 patient. A piece of the catheter remained in  
 the patient’s brain. The remaining piece had  
 to be surgically removed on 1/23/03.

yes The pressure sensor, case, and distal section  
 of the catheter were returned for evaluation. 
 The first 1.3 cm of the catheter appeared  
 melted and the wires were broken. Several  
 damaged areas of the catheter containing  
 bends, kinks, and indentations were visible.  
 Due to the damaged condition, no testing of  
 the device was possible. 

3 US 5/3/2004 unk The sensor was placed following a craniotomy.  
 The device functioned for 2 days & then the  
 patient underwent MRI. Following MRI, the  
 sensor did not work and examination found  
 that the sensor wire had melted onto the  
 patient’s scalp. The sensor was discarded by  
 the hospital following removal. 

no The sensor is not available for evaluation.

4 US 11/2003 unk During MRI the patient became uncomfortable.  
 When the MRI was completed, the patient’s  
 skin had blisters associated with burns where  
 the ICP sensor had contacted the skin. It was  
 observed that the sensor had melted and that  
 this was the source of the burn on the pa- 
 tient’s skin. Preliminary information indicated  
 that the patient’s neurological status ap- 
 peared to be intact after the procedure. 

no The sensor is not available for evaluation.

5 US 3/2008 unk The sensor stopped working after the patient un- 
 derwent MRI. The sensor was removed and  
 the portion of the catheter near the sensor  
 was black and burned. The patient died due  
 to a condition unrelated to the device.

yes A portion of the sensor catheter was returned  
 with the pressure sensor still attached to  
 the end of the catheter. The portion of the  
 catheter was covered with black matter,  
 which was consistent in appearance with  
 charred blood.

6 US 7/2008 unk The sensor broke during MRI. A 1-cm burn was  
 noted at the trocar exit site. The sensor was  
 discarded by the hospital.

no The sensor is not available for evaluation.

* These data were prepared by Johnson & Johnson K.K. Vigilance and Safety Group, Quality Assurance Department. Abbreviations: MDR = Medical 
Device Reporting; unk = unknown.
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6th day of hospitalization (Day 6). The ICP transducer 
was melted and scorched when it was removed from the 
patient’s brain, and the wires had snapped. The patient 
developed a high fever and leukocytosis 3 days after the 
MRI study. Radiologists reported a low-density area in 
the left frontal lobe, at the previous location of the ICP 
transducer, on a head CT scan performed 4 days after 
the MRI study. No lesions had been seen at this loca-
tion on either the head CT scan performed at the time 
of arrival or the MRI study performed on Day 6 (Fig. 
1A–E). Contrast-enhanced CT performed on Day 27 and 
Gd-enhanced T1-weighted MR images obtained on Day 
28 revealed a ring-enhancing lesion at the same location 
(Fig. 2B and D); T2-weighted MR images obtained on 
Day 28 revealed a central high-intensity tract inside a 
low-intensity center surrounded by a high-intensity small 
area, which corresponded to the shape and location of the 
tip of the ICP transducer. These findings were compatible 
with coagulative necrosis (Fig. 2E). We concluded that 
the ICP transducer had overheated and melted during the 
MRI procedure, causing thermal brain injury. Although 
definitive conclusions cannot be reached, it is distinctly 
possible that the meningitis was caused by exposure of the 
brain parenchyma to the nonsterile part of the transducer 
(titanium or copper inside the silicon- and nylon-coated 
tip). Alternatively, the meningitis may have been caused 
by insertion of a nonsterile transducer, or by contamina-
tion of the CSF during the right temporal lobectomy and 
decompressive craniectomy on Day 1. However, the tim-
ing of the onset of meningitis seems slightly too late for it 
to be related to the transducer insertion or surgery.

There have been many reports of thermal injuries 
associated with MRI.3,8–11,20,22,25–27 Electrocardiography 

leads, electrodes, pulse oximeters, thermodilution Swan-
Ganz catheters, intravascular guidewires, DBS electrodes, 
and other devices that use conductive leads, wires, and 
cables have been reported to be associated with thermal 
injuries. Unfortunately, inappropriate use of monitoring 
devices during MRI is often the cause of thermal inju-
ries. However, to our knowledge, no serious thermal brain 
injuries associated with ICP transducers have previously 
been reported after MRI.

According to Maxwell’s theory of electromagnetism, 
heating can be caused by the RF radiation used in MRI 
by 3 mechanisms. The first mechanism is electromag-
netic induction heating, whereby a change in the flux of 
the magnetic induction through a conducting medium 
gives rise to an electromotive force that lasts as long as 
the flux is changing.4,5,12,23 Radiofrequency radiation pro-
duces eddy currents in each volume of the conducting 
specimen. These circulating currents cause power loss 
by ohmic heating. Formation of a loop in the monitoring 
cable increases the circuit’s inductance, which induces 
larger currents with greater heating of the cable. The sec-
ond mechanism is electromagnetic induction heating of a 
circuit in resonance.4,5,12,23 Maximum electromagnetic in-
duction heating occurs when the circuit is in the resonant 
condition, resulting in induction of the maximum current. 
The third mechanism is heating of conductors by reso-
nant RF waves, known as the “antenna effect.”4,5,18,31 The 
monitoring cable can be considered as an RF wire an-
tenna that is sensitive to the electrical component, rather 
than the magnetic component, of the RF radiation used 
for MRI. The incident RF wave enters the antenna and 
is bounced back at the open ends of the wire, causing re-
flected RF waves to travel back and forth along the longi-

TABLE 2: Imaging parameters and calculated whole-body SAR of MRI in the current case*

Order Area Orientation Sequence TR TE FA Matrix
No. of  

Images
Thickness  

(mm)
FOV  
(mm)

AT  
(sec)

SAR Limit  
(W/kg) SAR (W/kg)†

1 head axial 1, cor 1 scout 15 6 30 128×512 2 8 250 10 1.5 0.0039
2 head sag 1 scout 150 14 70 128×512 1 8 250 22 1.5 0.0039
3 head axial T2 3800 99 180 176×512 19 6 220 64 1.5 0.0906
4 head axial T1 665 14 70 168×512 19 6 220 115 1.5 0.0906
5 head axial FLAIR 7000 105 180 168×512 19 5 220 175 1.5 0.0708
6 head axial T2FLASH 608 15 15 168×512 19 6 220 104 1.5 0.0010
7 head axial DWI slight 123 90 200×128 19 6 220 4 1.5 0.0134
8 head axial DWI strong 123 90 200×128 19 6 220 4 1.5 0.0167
9 head sag T1 570 14 70 192×512 19 6 220 113 1.5 0.0934

10 head sag T2 3700 99 180 198×512 19 6 220 70 1.5 0.0900
11 head axial MRA 35 7.2 20 235×1024 108 0.75 200 475 1.5 0.0996
12 neck axial 1, cor 2, sag 1 scout 25 6 30 128×512 4 10 300 18 1.5 0.0039
13 neck sag T2 3900 112 150 210×1024 11 3 280 222 1.5 0.7985
14 neck sag T1 660 12 150 396×1024 11 3 280 159 1.5 1.2938
15 neck axial MRA 35 6 25 512×140 140 1.25 200 645 1.5 0.2185

* AT = acquisition time; cor = coronal; DWI = diffusion-weighted imaging; FA = flip angle; FLAIR = fluid-attenuated inversion recovery; FOV = field of 
view; MRA = MR angiography; sag = sagittal; TE = echo time; TR = repetition time.
† Data prepared by Siemens Japan K.K. The calculated actual whole-body-averaged SAR values ranged from 0.0010 to 1.2938 W/kg. Only the highest 
value of 1.2938 W/kg during cervical spinal cord scanning exceeded the 1.0 W/kg limit recommended by the manufacturer.
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tudinal axis of the structure and form standing RF waves. 
Thus, in contrast to the first and second mechanisms, in 
this mechanism storage of electrical energy occurs in the 
wire. The additional electrical field induced by the cur-
rent in this antenna has a maximum field line density at 
the antenna tip.

After insertion of the Codman MicroSensor trans-
ducer into the patient’s brain parenchyma, we configured 
the transducer in a straight line (without any coiling of 
the nylon-coated sensor lead wires) and taped it to his 
neck (Fig. 4 left). We speculate that the major mechanism 
of the incident in the current case was the antenna effect, 
because there were no burns where the transducer was 
attached to the patient’s skin, and only the tip of the trans-
ducer in his brain parenchyma was melted and scorched. 
Furthermore, resonance occurs most effectively when the 
length of one rotation of a receive coil is a multiple of l, 
l/2, or l/4, where l is the RF wavelength of the scanner. 
The total length of the Codman MicroSensor ICP trans-
ducer is 1105 mm, which is close to l/4 (1180 mm) for a 
1.5-T-, 63.5-MHz MRI scanner.

Surgically implanted neurostimulators and electrodes 
may be used to provide functional electrical stimulation, 
and have been tested for safety in patients undergoing 
MRI scanning.6,20,24 Spiegel et al. reported transient dysto-
nia and Henderson et al. reported permanent neurological 
deficit after MRI scanning in patients with implanted DBS 
electrodes for the treatment of Parkinson disease.9,20,22,27 
Spiegel et al.27 speculated that the antenna effect had 
been the cause of the incident in their case. Achenbach et 
al.1 reported a temperature increase at the tip of a pacing 
electrode, unattached to a cardiac pacing pulse generator, 
of up to 63.1°C within 90 seconds of starting MRI scan-
ning. This phenomenon was also thought to be caused by 
the antenna effect. More recently, Luechinger et al.13 thor-
oughly analyzed the heating of myocardium-pacemaker 
lead tips in in vivo experiments during MRI, and con-
cluded that none of the leads were safe with respect to 
heating. Nakamura et al.15 measured the induced current 
in 7 types of loops in conductive leads in in vitro experi-
ments, and reported that a carbon film resistor inserted 
into the circuit in the bore of a 0.5-T whole-body MR 
scanner sparked and burned out. The results implied that 
simple loops of conductive material with another inserted 
conductive material may result in the induction of a large 
and hazardous voltage in the scanner. The Codman Mi-
croSensor ICP transducer is similar to the implanted DBS 
electrodes used in the treatment of Parkinson disease in 
that it is placed in the brain parenchyma, and it is similar 
to metallic guidewires or pacing electrodes in form and 
materials. In our case, a rapid temperature increase at the 
tip of the transducer may have exceeded the melting point 
of the nylon-11 (187°C) and copper (1084.62°C) that the 
transducer was composed of, because the transducer had 
melted and snapped. 

The alarming reports mentioned above, in which 
patients with DBS implants experienced adverse effects 
after MRI, demonstrate the crucial importance of strictly 
following the manufacturers’ guidelines.9,20,22,27 In the 
case reported by Spiegel et al.,27 a transmit/receive head 
coil was used, and the scan was performed at 1.0 T (not 

the recommended 1.5 T). In the case reported by Hender-
son et al.,9 the patient had one pulse generator implanted 
in the abdomen and another implanted infraclavicularly 
and underwent MRI of the spine at 1.0 T with a transmit/
receive body coil (not the recommended transmit/receive 
RF head coil). In the present case, 3 aspects of the MRI 
procedure did not follow the manufacturer’s guidelines 
(see Appendix for the most recent English-language ver-
sion of the addendum to the instructions for use, as of 
September 24, 2012). First, we configured the transducer 
in a straight line without coiling a part of it and taped it 
to the patient’s neck, because we thought that loop for-
mation should always be avoided in the MRI suite (Fig. 
4 left). Looping a wire increases its inductance, and it 
is commonly thought that the pulsed magnetic gradient 
fields and pulsed RF fields used by MRI units may in-
duce sufficient current in an electrically conductive loop 
to result in thermal or electrical burn injuries. However, 
a straight-line configuration is contraindicated for this 
device (Appendix). We should have left a straight seg-
ment approximately 8 cm in length from the tip of the 
implanted transducer and coiled the remaining Codman 
MicroSensor near the base of the connector into 5 or 6 
loops approximately 5 cm in diameter (Fig. 4 right; Ap-
pendix). Although the recommended geometry may in-
duce a current in the loops, this current would flow in the 
opposite direction to the current that might be induced by 
the static and gradient magnetic fields. Second, cervical 
spine MRI was performed with a standard transmit body 
coil and a receive neck array coil (surface coil). These 
conditions also deviated substantially from the manufac-
turer’s MRI safety guidelines (Appendix) and may be the 
cause of the high SAR (Table 2). Third, the whole-body 
SAR limit in our 1.5-T unit (Magnetom Vision, Siemens 
AG) was 1.5 W/kg at that time. Although this value was 
in accord with the MRI safety guidelines determined 
by the International Electrotechnical Commission, the 
FDA,29 and the Ministry of Health, Labor, and Welfare in 
Japan, it was higher than the maximum of 1.0 W/kg rec-
ommended in the manufacturer’s safety guidelines (Ap-
pendix). Evidence has accumulated that the whole-body 
SAR limit is an unreliable indicator of implant safety and 
that using this limit alone as a safety recommendation is 
potentially dangerous.2,17 However, the highest SAR value 
of 1.2938 W/kg in one series of spinal cord scans, which 
was more than the recommended 1.0 W/kg, may have 

Fig. 4. Left: The configuration of the transducer in the current case. 
After insertion of the Codman MicroSensor into the patient’s brain pa-
renchyma, we configured the transducer in a straight line, without coils, 
and taped it to his neck.  Right: Drawing of the configuration for MRI 
based on the manufacturer’s recommendations and guidelines. (See 
Appendix for specific details.)

Brought to you by Washington University SOM | Unauthenticated | Downloaded 05/02/21 08:24 PM UTC



J Neurosurg / Volume 117 / December 2012

Thermal brain injury and ICP transducer

1107

been one of the causes of overheating of the transducer 
tip in the current case. The SAR limit recommended by 
the FDA and the International Electrotechnical Commis-
sion has recently been deregulated. Therefore, the whole-
body-averaged SAR limit of 1.0 W/kg in the manufac-
turer’s guidelines for the Codman MicroSensor seems to 
be slightly too strict. If this SAR limit is adhered to, it 
will be necessary to consider alternative scan sequences, 
which decrease the whole-body-averaged SAR, to main-
tain the quality of MR images.

Conclusions
Many factors should be taken into consideration 

when performing MRI in a patient with an implanted de-
vice. Moreover, we should not be influenced by precon-
ceptions that loop formation must be avoided at all times 
during MRI. Any deviations from the manufacturer’s 
safety guidelines may result in serious injury to the pa-
tient. We emphasize the crucial importance of strictly and 
carefully adhering to safety guidelines when performing 
MRI on a patient with an implanted ICP monitoring de-
vice, to prevent catastrophic incidents, including the pos-
sibility of meningitis, transient dystonia, paralysis, coma, 
or even death following thermal brain injury.

Appendix

The Appendix follows the last page of this article. 
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Disclaimer

Codman distributes this addendum to the Instructions 
for Use only outside of the United States. This addendum 
has not been cleared by the US Food and Drug Adminis-
tration for use in the US. This addendum to the Instruc-
tions for Use is current as of the date that permission was 
granted to use this material in this publication [September 
24, 2012]. 

Appendix

Reprinted with permission from Codman, a Johnson & Johnson Company. File was accessed at the following URL on September 27, 2012: http://
www.depuy.com/sites/default/files/products/files/microsensor%20ifu.pdf. This URL may not be accessible from computers with an Internet Protocol 
(IP) address located in the US.
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