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Ferromagnetism and MR Imaging: 
Safety of Carotid Vascular Clamps 

Metallic extracranial carotid vascular clamps of the Selverstone, Crutchfield, Poppen­
Blaylock, Salibi, Kindt, and tantalum varieties have been placed for treatment of large, 
giant, or inoperable intracranial aneurysms. To ascertain what adverse effect, if any, 
MR imaging would have on these clamps, magnetic deflection at 1.5 Twas measured 
for various carotid clamps. Marked magnetic deflection (and torque) was displayed by 
stainless steel Poppen-Blaylock clamps. Relatively mild magnetic deflection was dis­
played by the stainless steel Selverstone, Salibi, Crutchfield, and Kindt clamps. Three 
patients with previously placed carotid clamps (two Selverstone, one Salibi) and one 
patient with a nonferromagnetic tantalum carotid clip had cranial or cervical MR studies 
at field strengths ranging from 0.35 to 0.60 T. No patient experienced any discomfort or 
neurologic sequelae as a result of MR imaging. Although the ferromagnetic clamps 
created severe "black-hole" artifacts and image distortion within the cervical and facial 
regions, no significant image degradation was apparent during spin-echo imaging of 
the brain. The tantalum clip created a far smaller MR artifact than did ferromagnetic 
clamps and allowed effective spin-echo and gradient-echo imaging in the cervical region. 

Our findings indicate that most patients with carotid vascular clamps (and nonferro­
magnetic clips) can probably be imaged safely with MR. 

AJNR 11:267-272, March/April1990 

Cervical carotid artery ligation has been used since 1798 for a variety of 
indications, including internal carotid artery aneurysms and large or giant inoperable 
intracranial aneurysms [1] . Many surgeons believe that gradual occlusion is pref­
erable to rapid closure of the carotid artery in order to reduce ischemic complica­
tions [2, 3]; and to this end, carotid vascular screw clamps have been produced 
that allow gradual occlusion of the cervical carotid arteries. The Dott clamp [4] was 
one of the first devices used for this purpose; it had to be removed after the internal 
carotid artery was occluded. The Poppen-Blaylock [3] and Pertuiset [5] clamps 
were likewise designed to be removed after carotid occlusion . The Selverstone 
[6] , Salibi [7] , Crutchfield [8] , and Kindt [9] clamps were designed to be left in place 
once gradual occlusion of the carotid artery was achieved. 

Other occlusion devices used on the carotid artery include tantalum or aluminum 
bands or clips [1 0-12) and an intraluminal balloon catheter [13] . 

The use of carotid vascular clamps has significantly decreased owing to the 
emergence of transluminal balloon embolization of large, giant, or inaccessible 
intracranial aneurysms [14) . However, patients will be encountered occasionally 
who have had previous placement of a carotid clamp and require an MR study. 
Consideration of the safety of MR imaging in the presence of carotid vascular 
clamps, therefore, becomes important, especially when considering the possible 
utility of MR in the follow-up evaluation of large and giant intracranial aneurysms 
[15, 16] . 

The present study evaluates in vitro the magnetic properties of a variety of 
carotid vascular clamps. In addition, four cases are presented in which patients 
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with a previously placed carotid clamp or clip have undergone 
MR imaging. 

Materials and Methods 

Ferromagnetism of Clamps 

Nine varieties of stainless steel carotid vascular clamps (Fig. 1 ), 
produced by the two primary manufacturers of such clamps (Cod man 
& Shurtleff, Randolph , MA; and V. Mueller, Chicago, IL), were tested 
for magnetic deflection at the portal of a 1.5 T MR unit (Siemens; 
lslen, NJ) by using a method previously described by New et al. 
(17] . The devices were suspended by a thread at the magnetic portal, 
and their deflection angles from the vertical were measured and 
recorded . The force of deflection (F), expressed in the cgs units of 
dynes, is given by the formula 

F = mg tan 0 

where 
m mass of device (in grams) 
g = gravitational acceleration constant (980 cmjsec2

) 

0 = deflection angle from vertical 

The Poppen-Blaylock clamps, because of their well-defined long 
axes, were evaluated for magnetic torque at the portal of the 1 .5-T 
MR unit (Siemens) by using a previously described method [17]. The 
device (with mass m) was suspended from a pivot point at the 
magnetic portal with a lead counterweight (with mass M) attached to 
a point on the device most distal from the pivot. 

Magnetic torque, N, expressed in dyne-em, was given by the 
formula 

where 

(m +M) 

g 
I 

0 

N = (m + M) gl sin 0 

combined mass of the device + lead counterweight 
(grams) 
gravitational acceleration constant (980 cmjsec2

) 

distance from pivot point to the center of mass (em) 
deflection angle of the center of mass from the ver­
tical 

It should be noted that torque will be greatest where the magnetic 
field is maximum; that is , well inside the magnet. Therefore , measure­
ments performed on Poppen-Blaylock clamps at the portal of a 
magnet will provide an underestimation of magnetic torque. The Kindt 
clamp (V. Mueller) has been discontinued. Also, models of the Salibi 
and Crutchfield clamps from one manufacturer (V. Mueller) were no 
longer in stock and were, thus, unavailable for evaluation. 

MR Imaging in Four Patients 

Case 1. A 68-year-old woman presented in 1965 with severe 
headaches and a visual deficit in the left eye. Cerebral arteriography 
diagnosed a large saccular aneurysm of the left ophthalmic artery. A 
Selverstone clamp was placed on the left internal carotid artery to 
occlude this aneurysm . A cervical MR examination was requested to 
evaluate neck pain. The patient was imaged on a 0.35-T MR unit 
(Diasonics; Milpitas, CA) with a cervical coil and spin-echo (SE) 
technique, 1 000/40-80/2 (TRfTE rangej exicitations) , in the sagittal 
plane and 500/40-80/2 in the coronal plane. Section thickness was 
5 mm, and matrix size was 128 x 256 for both sequences. 

Case 2. A 66-year-old woman presented in 1973 with recurrent 
headaches and visual loss over a period of 2112 years . Cerebral 
arteriography diagnosed a giant aneurysm of the superclinoid portion 
of the left internal carotid artery. A Salibi clamp was placed on the 
left internal carotid artery without neurologic consequences. The 
patient has since developed normal pressure hydrocephalus, which 
was treated with a ventriculoperitoneal shunt in 1987. A brain MR 
study was ordered to evaluate the patient 's hydrocephalus. SE 
imaging (633/20/2 and 2000/120/1) was performed on a 0.5-T MR 
unit (Picker; Cleveland, OH) , and, by use of the unit 's head coil , 1 0-
mm axial sections through the brain were obtained. Matrix size was 
256.2 

Case 3. A 37-year-old man presented in 1985 with transient visual 
loss in the right eye associated with weakness of the left upper 
extremity. He had had similar neurologic symptoms after a severe 
motor vehicle accident in 1980. MR showed a pseudoaneurysm with 
thrombus in the right internal carotid artery at the base of the skull. 
Owing to the possibility of the pseudoaneurysm's being the source 
of emboli and the difficulty posed by its surgical resection , a Selver­
stone clamp was applied to the right internal carotid artery. A brain 
MR study was requested when the patient developed new visual 
symptoms. SE imaging (3000/40-80/2) with a head coil was per­
formed and 5-mm-thick axial sections were obtained on a 0.35-T MR 
unit (Diasonics). Additional 5-mm-thick coronal sections were ob­
tained within the cervical region by using SE imaging (500/30/2) and 
the unit's body coil. Matrix sizes were 2562 or 128 x 256, respec­
tively. 

Case 4 . A 53-year-old man presented in 1968 with right retroorbital 
pain of increasing intensity over a period of 1 month. A 3-mm 
aneurysm arising from the left posterior communicating artery was 
diagnosed by cerebral arteriography. A tantalum clamp was placed 
on the left internal carotid artery, resulting in an improvement in 
neurologic symptoms. Because of recurrent headaches, a brain MR 
study was performed on a 0.6-T unit (Technicare; Solon, OH). The 
study included coronal cervical imaging using SE (500/22/1) and 
gradient-echo (GRE) (flip angle= 20°, TR = 500, TE = 30, excitations 
= 4) techniques, 5-mm-thick sections, and the unit 's body coil. Matrix 
size was 128 x 256. 

Results 

Magnetic deflection forces for the various clamps tested 
are listed in Table 1. Magnetic torque determinations for 
Poppen-Blaylock clamps are presented in Table 2. There is 
enormous magnetic deflection and torque displayed by Pop­
pen-Blaylock clamps. The other clamps tested displayed rel­
atively mild magnetic deflection. 

During MR imaging in four patients, ferromagnetic clamps 
(cases 1-3) created severe metallic artifacts consisting of 
large rounded signal void zones bordered by relatively high 
signal areas. These artifacts had their major extent along the 
frequency-encoded direction and were accompanied by 
marked image distortion (Fig . 2). These "black-hole" artifacts 
created marked image degradation in the cervical and lower 
facial regions, negating the possibility of carotid MR vascular 
imaging in the vicinity of the clamps. In case 1, the cervical 
MR study was aborted because of the artifact caused by the 
Selverstone clamp. However, in all cases, MR images of the 
intracranial structures were not degraded by the presence of 
the clamps. 
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Fig. 1.-Various stainless steel carotid vascular clamps: Poppen-Blaylock 
(A), Selverstone (B), Salibi (C), Crutchfield (0), and Kindt (E). 

A 

The tantalum carotid clip created far less MR artifact than 
did the stainless steel clamps and allowed effective SE and 
GRE imaging in the cervical area (Fig. 3). Coronal GRE images 
demonstrated a lack of intraluminal flow signal within the 
internal carotid artery on the side of clip placement, suggest­
ing occlusion of this vessel. This finding was confirmed by 
arteriography. 

In none of the four patients was there any discomfort or 
neurologic symptoms as a result of MR imaging. 

Discussion 

A number of implanted medical devices and prostheses 
have been evaluated for MR imaging artifacts and safety, 

B 

including neurosurgical aneurysm and hemostatic clips [17 , 
18, 19] , cardiac pacemakers [20], cardiac valves [21], intra­
vascular filters and stents [22-24] , dental materials [17 , 25] , 
intrauterine devices [26], and metallic prostheses [27 , 28] . 
With regard to vascular clamps and clips, MR imaging is 
contraindicated in cases of previous placement of a strongly 
ferromagnetic intracranial aneurysm clip [17] . However, it 
appears to be unnecessary to exclude patients from MR 
imaging who have nonferromagnetic or only mildly ferromag­
netic aneurysm clips [29] . 

The weakly ferromagnetic Selverstone, Salibi , Crutchfield , 
and Kindt clamps that are attached to presumably occluded 
carotid arteries and are adjacent to muscular structures in 
the neck probably pose no significant hazard during MR 
imaging in terms of neurovascular complications or local 
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TABLE 1: Magnetic Deflection at 1.5 T of Various Carotid Vascular Clamps 

Deflection 
Clamp• Size (mm) Mass (g) Angle (degrees) 

Poppen-Biaylockb 62 (length) 
Poppen-Biaylockb 50 (length) 
Salibib 9 x 8 
Kindt< 17 X 10 
Selverstone< 10 X 6 
Selverstoneb 9.5 X 8.5 
Selverstoneb 7.5 X 6.0 
Selverstone< 8 x 6 
Crutchfieldb 9 x 7 
Salibic.d 
Crutchfieldc.d 

' All clamps are composed of stainless steel. 
bCodman. 
c V. Mueller. 
" Not available for testing. 

13.21 >89 
12.00 > 89 
3.58 17 
5.89 7 
6.41 4 
6.84 3 
3.76 4 
3.60 4 
1.50 3 

TABLE 2: Magnetic Torque Displayed by Poppen-Blaylock Clamps 

Clamp Length 
(mm) 

62.5 
50.0 

(m+M) 
(gm)" 

109.18 
107.97 

12.0 
11 .0 

• (m + M) = combined mass of clamp (m) + lead counterweight (M). 
b L = distance between pivot point and center of mass. 
c 0 = deflection angle from vertical. 

8 

0 
(degrees)< 

60 
55 

Deflection 
Force (dynes) 

> 7.42 X 105 

> 6.74 X 105 

1072.63 
708.74 
439.27 
351.30 
257.67 
246.70 

77.04 

Torque 
(dyne-em) 

1.11 X 106 

9.53 X 105 

AJNR:11 , MarchfApril1990 

Fig. 2.-A, Adjacent sagittal spin-echo images (1000/40/2) at 0.35 T within cervical spine in a patient with previously placed Selverstone carotid clamp. 
Note severe "black-hole" artifact created by clamp, the major extent of which is propagated along the frequency-encoded direction. Image distortion 
largely obscures disk spaces, vertebral bodies, and cervical cord. However, intracranial structures in posterior fossa are not distorted. 

B, Coronal spin echo image (500/30/2) at 0.35 T in another patient with previously placed Selverstone carotid clamp, demonstrating similar "black­
hole" artifact (arrow) that obscures structures in right cervical region. Imaging of intracranial structures appeared unaffected. 

tissue damage. No discomfort or neurologic sequelae was 
experienced by any of our four patients with a carotid clamp 
or clip as a result of MR imaging. No comment can be made 
regarding the ferromagnetism of Salibi or Crutchfield clamps 

from one manufacturer (V. Mueller) owing to their unavailabil­
ity for testing . 

Although MR imaging would appear contraindicated in the 
presence of the Poppen-Blaylock clamp because of the tre-
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Fig. 3.-A, Coronal spin-echo image (500/22/ 
1) at 0.6 T shows no significant artifact produced 
by previously placed left carotid artery tantalum 
clip. 

B, Coronal gradient-echo image (a = 20°/500/ 
30/4) in same patient demonstrates patency of 
right internal carotid artery (arrows) and occlu­
sion of left internal carotid artery as evidenced 
by the presence and absence, respectively, of 
high intraluminal flow signal. Effective gradient­
echo flow imaging was possible because of the 
low level of artifact produced by the tantalum 
clip. 

mendous ferromagnetism of this device, it should be under­
stood that this was the only such highly ferromagnetic device 
tested in our study, and it would be quite rare at present to 
encounter a patient with a temporarily placed Poppen-Blay­
lock clamp who would require an MR examination. Therefore, 
magnetic deflection and torque results for this clamp are 
presented more for academic interest than for practical pur­
poses. 

The MR compatibility of tantalum has been demonstrated 
previously [24, 30]. The expanded use of low-artifact metals, 
such as titanium alloys [22] and tantalum in neurosurgical 
implants, may allow more effective GRE, flow-sensitive im­
aging of treated neurovascular lesions. In case 4, the use of 
a tantalum carotid clip allowed the effective use of GRE 
imaging to determine carotid occlusion (Fig . 3). 

The degree of artifact and image distortion created by a 
metallic device during MR imaging is directly related to its 
magnetic permeability, which is dependent on the device's 
composition, shape, and previous cold-working [17, 22, 25] . 
In general, the greater a device's ferromagnetism, the greater 
the degree of its MR artifact [22] . Devices composed of 
martensitic stainless steels are ferromagnetic [17] . Although 
austenitic steel alloys are nonmagnetic in bulk form, significant 
ferromagnetic domains are created during the cold-working 
used to fabricate austenitic stainless steel devices, resulting 
in the mild magnetic deflection observed with many of these 
devices [17, 22] . 

In conclusion, MR imaging is probably safe in the presence 
of most permanent stainless steel carotid vascular clamps. 
These clamps , although interfering with cervicaljfacial MR 
imaging, should not significantly degrade intracranial studies. 
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