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Abstract 0 The rate of transfer of contrast agents from cerebro- 
spinal fluid to blood is of clinical importance in radiological exami- 
nations of the subarachnoid space. Metrizamide, a potential con- 
trast medium, was injected intrathecally to humans and serum lev- 
els a t  different times after injection were measured. A one-com- 
partment open model was found to apply to the data. Considerable 
individual variations were found, but the mean absorption rate 
constant indicated that more than 50% of the absorbed dose had 
disappeared from the cerebrospinal fluid 0.75 hr after injection. 
TLC of the fraction excreted in the urine showed that metrizamide 
was not metabolized in the body. 
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Metrizamide (I) is a contrast agent (1) developed 
for use in the subarachnoid space. The absorption of 
metriiamide and other water-soluble contrast agents 
from cerebrospinal fluid to blood was previously fol- 
lowed by evaluation of X-ray films taken at  different 
times after intrathecal injection of the contrast 
agents (2-6). However, it is difficult from subjective 
evaluation of X-ray films to estimate the biological 
half-life of the contrast agent in the subarachnoid 
space. Therefore, the absorption process was exam- 
ined further by determining pharmacokinetic param- 
eters describing the absorption, distribution, and 
elimination of metrizamide after intrathecal injection 
in humans. 

EXPERIMENTAL 

Subjects-The subjects were patients who volunteered to par- 
ticipate after the test was discussed with them. The patients were 
part of a previously reported study (2), and each patient was ex- 
amined and had a medical evaluation as described in that study. 

Methods-For the present study the following sampling was 
relevant. Venous blood samples were taken a t  0.5, 0.75, 1, 1.5, 2, 3, 
4, 6, and 23 hr after intrathecal injection of 1700 mg of I (170 mg 
I/ml) in the lumbar region (Ll-L4). The weight of the patients was 
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Table I-Serum Values a n d  Percent Absorbed from t h e  
Subarachnoid Space a f t e r  Intrathecal Injection 

Time Observed I S e r u m  
a f t e r  Concentration, pg/ml Percent  

~~ of Dose 
tion, hr Mean f SD Range  AbsorbedfA 
Injec- -_ 

~ ~~~~~ ~~ ~ 

0 .5 6.0 f 5 . 1  1.2-7.8 30.2 
0.75 8.6 f 6.9 1.6-22.4 51.7 
1 11.4 + 8.3 3.2-28.4 66.6 
1 . 5  15.4 f 8.6  5.2-28 . O  84 .o 
2 
3 
4 
6 

15.6 8 .2  5.2-29.2 92.4 
14.9 f 5.8  5.6-24.0 98.2 
13.9 f 4.6  7.2-21.2 99.6 
11.7 & 3.9 7.2-18.4 99.9 

23 3.0 f 1.7  1.0-4.4 100 . o  
a Calculated from Eq. 2. 

in the 59-94-kg range. Cerebrospinal fluid samples were obtained 
by a second spinal puncture taken at 6 or 24 hr after the injection. 

Quantitative urine collection was performed during the first 24 
hr after injection. Serum and cerebrospinal fluid samples were an- 
alyzed for their iodine content by a modification of the alkaline 
ashing method' (7) and urine samples were analyzed by the oxygen 
flask combustion method2 (8). 

Pharmacokinetic Analysis-To determine the kinetic con- 
stants related to the absorption of metrizamide into the blood, a 
one-compartment open model was used. In this model the serum 
concentration follows the equation of Teorell (9): 

where: 

C =  
T =  

To = 
F =  
D =  
k =  

KE = 
v =  

serum concentration 
time after injection 
lag time 
fraction of dose absorbed 
dose 
first-order rate constant for absorption 
first-order rate constant for excretion 
apparent volume of distribution 

Initial estimates for the parameters k ,  KE,  and VIF were ob- 
tained from observed serum levels using the feathering technique 
described by Wagner (10). Final estimates were found by fitting 
the theoretical curve (Eq. 1) to the observed values. The curve f i t -  
ting was done by computer3. From the final estimates for the ab- 
sorption rate constant, the percentage absorbed from the sub- 
arachnoid space was calculated as a function of time by the equa- 
tion: 

(Eq. 2) 

where AT = amount of substance that has entered the volume of 
distribution a t  time 2'. The derivation of this equation was de- 
scribed previously (11). All calculations using Eq. 2 have been done 
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DISCUSSION 

The results support the preliminary assumption that the one- 
compartment open model is valid for describing the absorption of 
metrizamide from the subarachnoid space to blood, as was found 
in a previous study (11) where metrizamide was injected intracist- 
ernally to cats. In this study, the first-order constant for absorp- 
tion was also 1.5 hr-l. However, in neither of the two studies was 
an attempt made to incorporate the amount of metrizamide that 
penetrates into the extracellular space of the nervous tissues into 
the pharmacokinetic model because of the acceptable fit to the 
blood data obtained by the one-compartment open model. 

From the structure of the ependyma (13), it is probable that 
some injected metrizamide enters the extracellular space of the 
nervous tissue relatively fast. This migration implies a longer bio- 
logical half-life of metrizamide in the subarachnoid space than is 
found by the one-compartment open model and may partly ex- 
plain the discrepancy found between the two different methods of 
measuring the biological half-lives used in the present study. 

Another source of error is that  when the biological half-life of 
metrizamide in the subarachnoid space was determined from mea- 
surements of the cerebrospinal fluid concentration, the same group 
of patients was not examined 6 and 24 hr after injection. Further- 
more, the calculation used in Eq. 3 is based on the assumption that 
metrizamide has the same distribution a t  6 and a t  24 hr after injec- 
tion. This may not be the case, but the results of Prockop and 
Fishman (14) indicate that the assumption is valid. They found 
that the concentration of inulin followed a straight line in a semi- 
logarithmic plot of cerebrospinal fluid concentration versus time. 

'The biological half-life of inulin was 68.8 min-' during the obser- 
vation period of 30-150 min after percutaneous injection in cister- 
na magna of dogs. 

In the three patients examined 6 hr after the injection, a mean 
concentration of 3600 Mg of I/ml was found. This value is only one- 
fourth of that which would have been found (Table 11) if the vol- 
ume of the subarachnoid space in humans is 118 ml (13), if no dis- 
appearance had taken place, and if the contrast agent had distrib- 
uted uniformly in the cerebrospinal fluid. A uniform distribution 
in the cerebrospinal fluid within the first few hours after the injec- 
tion is not likely, and the value of 3600 pg of I/ml thus shows that 
the biological half-life of metrizamide in the cerebrospinal fluid is 
far less than 11 hr during the first 6 hr after injection. 

In the previous study (11) as well as in this study, considerable 
variation in the serum levels was found between subjects. This 
finding should be related to the observations by Skalpe et al. (2) 
who, by examining the radiographs, found that no contrast could 
be seen in some patients 3-5 hr after injection while traces could 
still be seen in other patients after 8 hr. The disappearance of 
other contrast agents from the subarachnoid space after intrathe- 
cal injection in humans also seems to show similar individual vari- 
ations. Thus, Schmerwitz and Rosch (5) found meglumine iocar- 
mate to be completely "radiologically" absorbed within 2-8 hr 
after injection. For meglumine iothalamate, the corresponding 
time was 4-8 hr (6). 

One reason for the individual variation in the data in the present 
study is the variation in dose per unit body weight. Another, and 
perhaps the main, reason may be that the patients made different 
movements after the injection, thus provoking differences in the 
circulation of the cerebrospinal fluid. It has been shown that 
movements of the body are very important for the circulation in 
spinal cerebrospinal fluid of cats. Grundy (15) found virtually no 
movement of dye from 7 to 85 min after sacral injection when the 
cats were kept immobile. Since the importance of the movements 
for the circulation was not recognized in the previous study in cats 
(11) and in this study, special attention was not paid to this factor 
so the rate constants for absorption found cannot be correlated with 
the movements of the patients and the handling of the cats. 

Inflammatory involvements of the meninges may also change 
the absorption rate from cerebrospinal fluid (14, 16, 17). If, how- 
ever, inflammatory involvements of the meninges are present and 
have any effect on absorption, they must mainly be located in the 
lumbar area of the subarachnoid space, because radiographs 
showed that no visible contrast passed above the 12th thoracic ver- 
tebra. Although the mean value of To shows that 0.25 hr passes 
after the injection before metrizamide enters the blood, the fact 
that  the blood level reaches its peak within 2 hr after injection cor- 
related with the assumed slow circulation in the cerebrospinal 
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Figure 1-Serum iodine concentrations. Mean values of 
observed concentrations after intrathecal injection of metriz- 
amide in  eight patients (0).  Theoretical curve of best fit was 
calculated from Eq. 1 (-). 

with the value of F = 1, assuming all metrizamide to be absorbed 
from the subarachnoid space. 

The concentrations of metrizamide in the cerebrospinal fluid at 
different times after injection were also used for calculation of the 
biological half-life of metrizamide in the subarachnoid space. 
When assuming first-order kinetics, the biological half-life (TI,,, 
was calculated by the equation: 

(Eq. 3) 

where C1 = concentration a t  time 2'1 (hours) after injection, and 
C z  = concentration a t  time '7'2 (hours) after injection. 

Metabolism-All urine samples were examined for metabolites 
by TLC. The urine was applied to silica gel plates, which were de- 
veloped in two systems as described by Frey (12). After develop- 
ment the plates were examined under UV light. 

RESULTS 

Serum Concentration-Eight patients were injected with 
metrizamide intrathecally. Metrizamide could be detected in the 
blood after about 15 min, and the maximum serum concentration 
appeared about 2 hr after injection (Table I). Relatively large indi- 
vidual variations were found. Estimates for the pharmacokinetic 
parameters were determined for each subject from the observed 
serum concentrations and are presented in Table 11, where the pa- 
rameters calculated from the mean serum values are shown also. 
The f i t  of the theoretical curve to the observed data is shown in 
Fig. 1. 

Biological Half-Life-From the estimated mean rate constant 
for absorption, the percentage absorbed from the subarachnoid 
space to blood a t  different times after injection was calculated 
using Eq. 2. The values (Table I) show that about half of the dose 
disappeared from the cerebrospinal fluid in 0.75 hr. 

In three patients the concentration of metrizamide in the cere- 
brospinal fluid was measured 6 hr after injection, and in three 
other patients the concentration was measured 24 hr after injec- 
tion (Table 11). When the mean values of these measurements were 
used for calculation, the biological half-life of metrizamide in the 
subarachnoid space was found to be 11 hr. 

Excretion in Urine-In the six patients from which urine was 
sampled, 55-86% of the administered I was recovered within 23 hr. 

Metabolism-The metabolic studies showed that no metabo- 
lites of metrizamide were found in the part of the dose excreted in 
the urine (Table 11). The detection limit was estimated to be less 
than 5% of the recovered dose. 
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Table 11-Pharmacokinetic Constants, Cerebrospinal Fluid Concentrations, and Urinary Recovery after Intrathecal 
Injection of 1700 mg of I 

Per- 
cent 

Recov- 
ered 

concentrations *b  Urine 
k, 23 hr 

R a t e  Constant 6 hr after 24 hr after after 
€or Absorption, K E  Rate Constant V Injection, Injection, I n  jec- 

Patient hr-1 for Excretion, hr-1 TO, Lag Time, hr F’ ml/kg pg I /ml  rg  I /ml  tion 

Cerebrospinal Fluid In 

- 1 2 . 1  0.08 0 . 5 4  96 2200 86 
2 1 . 4  0 . 0 7  0 . 1 6  130 - 1510 63 

60 3 1 . 3  0.20 0 . 4 1  141 
4 0 . 4  0.04 0 . 1 3  210 - 1540 55 
5 0 . 7  0 .14 0.29 117 - 460 79 

a2 6 1 .o 0.23 0 . 1 6  53 200 
7 0 . 3  0 .13 0 . 2 5  80 8500 
8 5 . 7  0.12 0 . 3 8  80 
Mean f SDc 1 . 5  =t 0 . 2  0.09 f 0.01 0 . 2 5  f 0.05  121 f 5 

- - 

- 
- - 
- - - 

The cerebrospinal fluid was obtained by a second spinal puncture. b When assuming uniform distribution in the subarachnoid space and no disappearance 
from the cerebrospinal fluid, the concentration would have been 14,400 fig of I / d .  Calculated from the observed mean serum values in Table I. 

fluid (15) and makes it probable that, with the doses used in this 
study, most of the absorption takes place in the lower part of the 
spinal canal. 

CONCLUSION 

Absorption and excretion of metrizamide after intrathecal injec- 
tion in the lumbar area of humans seem to follow first-order kinet- 
ics. The one-compartment open model is valid for calculations of 
the blood level data obtained after intrathecal injection of metriza- 
mide. After intrathecal injection of 10 ml of metrizamide (170 mg 
of Ilml) in the lumbar area, most absorption probably takes place 
from the lower part of the spinal canal. About 70% of the injected 
dose is excreted in the urine within 24 hr after the injection. 

REFERENCES 

(1) H. Holtermann, Acta Radiol. Suppl., 335.1(1973). 
(2) I. 0. Skalpe, T. Torbergsen, P. Amundsen, and J. Presthus, 

(3) T. Hindmarsh, ibid., 335,359(1973). 
(4) A. Svare and K. Talle, ibid., 335,387(1973). 
(5) W. Schmerwitz and E. Rosch, Fortschr. Roentgenstrahlen 

(6) B. Hammer, ibid., 1973,181. 

ibid., 335,367(1973). 

Suppl., 1973,179. 

(7) 0. P. Foss, L. U. Hanker, and D. D. Van Slyke, Clin. Chim. 

(8) C .  A. Johnson and C. Vickers, J. Pharm. Pharmacol., 11, 

(9) T. Teorell, Arch. Int. Pharmacodyn. Ther., 57,205(1937). 

Acta, 5,301(1960). 

218T(1959). 

(10) J. G. Wagner, Drug Intel., 2,332(1968). 
(11) K. Golman and S. G. Dahl, Acta Radiol. Suppl., 335, 

(12) K. Frey, ibid., 335,286(1973). 
(13) H. Davson, “Physiology of the Cerebrospinal Fluid,” J. & 

(14) L. D. Prockop and R. A. Fishman, Arch. Neurol., 19, 

(15) H. F. Grundy, J. Physiol., 163,457(1962). 
(16) E. P. Strecker, B. Konigsmark, M. Bush, and A. E. James, 

(17) P. Som, F. Hosain, and H. N. Wagner, J. Nucl. Med., 13. 

276( 1973). 

A. Churchill, London, England, 1970, p. 6. 

449(1968). 

Inuest. Radiol., 8,33(1973). 

942( 1972). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received June 4, 1974, from Nyegaard & Co. A1S;P.O. Box 

Accepted for publication September 23, 1974. 
4220, Oslo 4, Norway. 

Vol. 64, No. 3, March 1975 / 407 


