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Elimination of Metrizamide from the Spinal Subarachnoid 
Space: A Study of Patients with Abolished Intracranial 
Circulation. 
O. Petter Eldevik 1 

Two absorptive pathways for contrast media injected into the 
lumbar subarachnoid space have been postulated: (1) through 
the intracranial parasagittal arachnoid granulations and (2) d irect 
absorption through the spinal arachnoid villi into the blood. To 
study the capacity of the spinal absorptive pathway, serial meas
urements of metrizamide concentrations in blood serum and 
urine were obtained before and after lumbar intrathecal injection 
of contrast medium in four patients with arrested intracranial 
blood circulation (" brain death" ) and intracranial pressure ex
ceeding systolic blood pressure who had no circulation of cere
brospinal fluid from the spinal subarachnoid space to the par
asagittal arachnoid granulations. These measurements indicated 
a high capacity of the spinal absorptive pathway for metrizamide 
elimination . 

Scintigraph ic imag ing of intrathecal radionucl ides [1] and cere
bral computed tomographic (CT) imag ing of myelograph ic contrast 
media [2, 3] suggest that transport of the radionuclide or the 
contrast med ium is from the spinal subarachnoid space to the basal 
cisterns with elimination through the intracranial parasagittal pac
chi on ian granulations and arachnoid villi. However, measurements 
of contrast media transfer from cerebrospinal fluid (CSF) to blood 
in rabbits [4] , monkeys [5], and humans [6, 7] have been interpreted 
as showing direct elimination of the contrast agent through spinal 
arachnoid villi and granulations. In order to determine whether a 
major portion of intrathecal water-soluble myelographic contrast 
medium is eliminated in pat ients via the intracranial route , metriza
mide concentrat ions in serum and urine were compared after lumbar 
intrathecal injection in pat ients without intracranial blood circulation 
and in patients with a presumed normal intracran ial c ircu lation . 

Subjects and Methods 

The elimination of metrizamide from the subarachnoid space was 
investigated in four patients declared dead after angiographically 
proven abolished intracranial blood c irculat ion (group 1) and in 
three patients with sciatica (group 2). 

Group 1 subjects had been accepted as kidney donors after 
three-vessel cerebral angiography had established cessation of 
intracran ial blood c irculat ion. The death certifi cates had been 
Signed and consent to remove the kidneys had been obtained from 
the nearest relatives accord ing to the requirements of Norwegian 
law. While arrangements for organ transplantation were being 

made, cardiopulmonary and kidney functions were maintained ac
cording to the hospital routine in such cases. Lumbar myelog raph y 
was performed during the 3 -5 hr interval between death and 
transplantation . 

Three pat ients in group 1 had died after head injuries sustained 
1-5 days before the study . The other patient had died after rupture 
of an intracranial saccular aneurysm 10 days before th e study. 
Diagnostic lumbar puncture had been performed in two patients 5 
and 10 days, respectively, before death . Epidural intrac ranial pres
sure had been recorded in two patients and exceeded systolic 
blood pressure for 6 hr before death . Two patients developed 
d iabetes insipidus and had been given intramuscular injections of 
vasopressin. 

Lumbar puncture was performed with a 22 gauge spinal needle, 
avoiding multiple perforat ions of the dural sac. Lumbar CSF pres
sure was measured with a water manometer in reference to the 
spinal column. In three cases with initial CSF pressures of 2 0 cm 
water or more, removal of 1-3 ml of CSF reduced the pressure to 
13 cm water . Ten ml of CSF was then withdrawn and 10 ml of 
metrizamid e (170 mg I/ ml) was injec ted intrathecally. The spinal 
needle was left in place during the study and the body was kept in 
the lateral decubitus position. Blood samples were drawn before 
injection of contrast medium, at 0 .25 , 0 .5 , 0 .75, and 1 .0 hr post
injection , and thereafter every 0 .5 or 1 .0 hr. Urine was collec ted 
hourly from an indwelling bladder catheter. Blood samples were 
centrifuged and serum was removed . Serum and urine samples 
were frozen for later analysis. Metrizamide concentrations in serum 
and urine were measured with high-performance liquid chromatog
raphy [8]. 

Group 2 subjects had had no previous myelograms, lumbar 
punctures, or spinal operations. They had no known neurolog ic 
abnormalities or disease except sciatica. Lumbar myelog raph y was 
performed according to routine procedure [9]. Ten ml of CSF was 
withdrawn and 10 ml of metrizamide (170 ml I/ ml) was injected 
intrathecally. The spinal need le was removed and films were ob
tained in prone and lateral positions. The conus medullari s was 
inc luded in the examination by tilting the table to allow contrast 
medium to reach th e lower thoracic reg ion. After myelog raphy, 
study subjects were placed in bed with the head elevated 15° from 
the horizontal. Blood samples were drawn via an antecubital vein 
catheter at the same intervals as in group 1 . The catheter was fill ed 
with heparin (100 IU / ml) to prevent blood c lotting between sam
plings. Subjects in group 2 were asked to empty the bladder before 
and every second hour after contrast medium injection. Blood and 
urine samples were frozen and analyzed as for group 1 . 
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TABLE 1: Serial Serum Metrizamide Concentrations after Lumbar Intrathecal Injection of 10 ml Metrizamide (170 mg I/m l) 

Metri zamide Concentration (mg t I) 

Group No.: Case No. Time Elapsed (hr) after Injec tion 
0 .25 0 .50 0.75 1.0 1 .5 2. 0 2.5 3.0 3.5 4 .0 5 .0 6.0 

1: 
1 4 7 8 10 14 17 13 20 
2 . . . . . . . . . 0 0 0 2 15 24 18 10 11 4 
3 37 65 77 82 92 93 79 92 84 
4 2 4 7 11 13 11 

2 : 
5 0 5 14 16 29 31 38 25 
6 8 16 19 19 13 16 21 31 
7 14 25 44 43 47 35 37 48 

Note.- Group 1 subjects were " brain-dead " cases with abolished intracranial blood c irc ulation; group 2 subjects were sciatica patients wi th normal intracranial c irc ulation. 

Results 

Serial serum concentrat ions of metrizamide after lumbar intrathe
cal injection of contrast medium in all subjects in both groups are 
shown in table 1. Metrizamide was detectable in blood serum 0.25 
hr after contrast medium inject ion in three of four cases in group 1 
and in two of three cases in group 2. Peak serum metrizamide 
concentrations for individual subjects ranged from 13 mg / l to 93 
mg / l in group 1 and from 31 mg / l to 48 mg / l in group 2 . The time 
to peak serum metrizamide concentrat ion was 2-5 hr for subjects 
in group 1 and 4-6 hr in group 2. Serial average serum concentra
tions for the two groups are shown graphically in figure 1. 

The total amount of metrizamide excreted in the urine during the 
first 4 hr after intrathecal injection was 208 mg, 48 mg , and 857 
mg, respectively, for cases 1 , 2 , and 3 in group 1. Case 4 excreted 
152 mg of metrizamide in the urine during the first 3 hr. Group 2 
subjects excreted 171 mg , 179 mg , and 191 mg of metrizamide, 
respectively, during the first 2 hr after myelography. One patient in 
group 2 excreted 961 mg of metrizamide in the urine during the 
first 4 hr after meylography, another patient excreted 1 ,204 mg of 
metrizamide during the first 8 hr after myelography, and the third 
patient failed to provide additional urine samples. 

Discussion 

Side effects from myelography with water-soluble contrast media 
are probably proportional to the volume and concentrat ion of con
trast medium reaching the intracranial subarachnoid space [10]. 
Knowledge of the pathways for elimination of aqueous myelographic 
contrast media might be helpful in reducing the side effects of 
myelography. If there is a direct pathway of elim inat ion from the 
lumbar subarachnoid space through the lumbar arachnoid mem
brane, reduction of side effects might best be achieved by maximal 
use of this lumbar pathway. Prevention of cephalad movement of 
the contrast medium by gravity would allow maximal absorption in 
the lumbar region . 

Hindmarsh [11] found a correlat ion between the proportion of 
contrast medium circulating with the CSF and the molecu lar size of 
the contrast medium . He reported faster absorpt ion of an agent with 
low molecular weight (MW) (methiodal, MW = 221) than of media 
with higher molecular weights (metrizamide, MW = 789; meglumine 
iocarmate, MW = 1646). Spinal arachnoid villi and granulations in 
embryo pigs and dogs were first described by Elman [1 2]. Kido et 
al. [1 3] studied human spinal arachnoid villi and granulat ions by dye 
perfusion in cadavers and demonstrated morphological similarit ies 
between spinal and cranial arachnoid villi and granulations. They 
concluded that spinal vi lli and granulat ions are an important path
way for CSF absorpt ion. 
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Fig . 1.-Serial average serum metrizamide concentrations after lumbar 
intrathecal injection of 10 ml metrizamide (170 mg I/ ml) in two groups of 
subjects. Vertical lines indicate range within each group. 

The precise manner in which arrested intracranial blood circula
tion and brain herniation affect spinal CSF physiology is unknown. 
With abolished intracranial blood circulation, communication be
tween the spinal and cranial subarachnoid spaces is prevented and 
no CSF production or absorption can occur intrac ranially. There
fore , studies measuring the eliminat ion of water-soluble contrast 
media from the spinal subarachnoid space in subjects with arrested 
intracranial circulation can provide data regarding the potential for 
direct spinal absorption of such agents. Such data do not show how 
contrast media are absorbed after ordinary clinical lumbar myelog
raphy but can certainly suggest whether contrast medium elimina
tion takes place wholly or only partly by the intracran ial route. 

Defects in the arachnoid or dura secondary to lumbar puncture 
or trauma resulting in leakage may alter contrast med ium elim inat ion 
via the epidural veins of the intracranial cisterns [1 0]. In the .present 
study, contrast medium leakage through a dural tear was unlikely 
in group 1 because there was no evidence of spinal fracture or 
dislocation in the four cases studied. Care was taken to avoid 
multiple perforations of the dura at the site of spinal puncture, and 
the spinal need le was left in place during the examination. Two of 
the cases in group 1 had had previous lumbar punctures but not 
within 5 days before death. The effect on the arachnoid of possible 
long-term elevated spinal CSF pressure prior to the study is un
known. 

Direct absorption of contrast medium in the spinal region is 
indicated by the detection of metrizamide in blood serum at about 
the same rate in the two groups (fig. 1). Direct spinal elimination of 
metrizamide is also indicated by data from experimental myelogra-
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Fig. 2.-Serum metrizamide concentrations after lumbar intrathecal injec
tion of metrizamide in three rabbits with cervical subarachnoid blockage . 
Vertical lines indicate range. 

phy performed in animals (S . Salvesen, unpublished data) . In these 
experiments the cervical subarachnoid space in three rabbits was 
blocked by injection of oil (Pantopaque) and metrizamide was 
injected into the lumbar subarachnoid space. Contrast medium 
appeared in serum at the same rate as in controls, with peak serum 
metrizamide concentrations occurring 1 hr after metrizamide injec
tion (fig . 2). 

The capacity of the spinal absorptive pathway is considerable, 
although it may vary among individuals, with variations probably 
depending on pressure gradients and the condition of the arachnoid 
membrane. Data from this study suggest that side effects of lumbar 
myelography with water-soluble contrast media may be reduced by 
techniques that encourage maximal use of the spinal absorptive 
pathway through reduction of cephalad flow of contrast medium by 
gravity. If care is employed in the myelographic procedure and the 
upper part of the body is elevated after myelography, most of the 
contrast medium can be collected in the caudal dural sac. However, 
the upright position may increase the likelihood of CSF leakage 
through the lumbar puncture hole . Nevertheless, Sykes et al. (14] 
reported a reduced incidence of adverse side effects after metri
zamide myelography in ambulatory patients as compared with pa
tients who remained in bed after myelography. 
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