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Effects of IV Contrast 
Administration on Intraspinal 
and Paraspinal Tissues: A 
CT Study. 1. Measurement of CT 
Attenuation Numbers 

Contrast-enhanced CT can be useful in differentiating between recurrent disk hernia
tion and scar formation after disk surgery. Thirty such CT studies were assessed 
retrospectively to determine the utility of CT attenuation measurements in identifying 
intraspinal pathology. Measured values of intraspinal tissues, but also of "reference" 
materials such as CSF, blood, and muscle tissue, showed large individual variations; 
and enhancement patterns for recurrent herniation and scar formation were not specific. 
The chief value of contrast administration may lie in the clearer definition that is gained 
of various structures within the postoperative spine. 

The value of IV contrast administration during spinal CT scanning for the purpose 
of identifying postoperative epidural scar formation is open to discussion. Some 
regard the technique as reliable for differentiating between scar formation and 
recurrent herniation, noting marked contrast enhancement in scar tissue as op
posed to little or no reaction in recurrent herniation [1 -4]. Others have not found 
significant enhancement of intraspinal structures in postoperative patients [5] . Still 
others mention contrast enhancement in and around disk herniation , as well as of 
scar tissue [6-8] . Our current study was designed to quantify the responses of 
various intraspinal and paraspinal structures to IV administration of contrast ma
terial. Although focusing on scar tissue, the study also includes disk material and 
"reference materials" such as circulating blood , paravertebral muscle, and CSF. 

Materials and Methods 

Thirty consecutive enhanced spinal CT studies were assessed retrospectively. Most 
patients had undergone previous disk surgery; chemonucleolysis had been performed in two, 
and one individual was untreated. The decision to perform contrast-enhancement studies 
was made on the basis of unenhanced scan findings indicating possible scar formation . 
Diagnostic criteria for scarring and recurrent herniation, respectively, have been well described 
by Teplick and Haskin [3]. As the presence of epidural scarring is not regarded as a routine 
indication for surgery, the CT findings in our 30 patients were verified surgically in only three 
cases in which recurrent herniation was diagnosed. 

All patients were scanned before and immediately after IV administration of 100 ml Telebrix 
30 (30 g I). The contrast medium was injected by hand as rapidly as possible through a 19-
gauge butterfly needle in the cubital vein . A Philips Tomoscan 310 scanner was used with a 
4.5-mm slice thickness. 

CT attenuation numbers were measured in the following structures before and after 
contrast administration: 

1. Presumed scar tissue, in the epidural as well as paravertebral regions. As intraspinal 
measurement of CT attenuation numbers is subject to artifacts, especially in the postoperative 
situation, the contents of the dural sac at the same level were routinely measured to obtain 
a "water reference." 

2. Disk material. As stated, the criteria for administration of contrast medium excluded 
clear-cut cases of herniation. When possible , disk material in situ was assessed before and 
after contrast injection , as it was assumed that extruded disk material would exhibit a similar 
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response. 
3. Iliac vessels and psoas muscle. As prevertebral vessels and 

paravertebral muscles are included in every spinal CT section, intra
vascular and muscle-tissue contrast enhancement could thus be 
monitored for the duration of each study . 

Pre- and postcontrast CT sections were matched for level as 
closely as possible on the basis of anatomic landmarks (level of 
section through end-plate , lamina, and transverse processes) to 
minimize the effect of possible patient motion between sections, 
which could influence the measurements by altering the degree of 
partial-volume averaging of scar tissue before and after administration 
of contrast material. A good match was achieved in all cases, although 
given the slice thickness of 4.5 mm, the difference in level theoretically 
is at most 2.25 mm. 

Measurements were performed in all cases by the same individual 
at a stand-alone viewing console. Regions of interest were traced on 
the cathode-ray tube with a light pen; mean attenuation values with 
their standard deviations were noted. The size of the region of 
measurement in scar tissue varied according to the amount of tissue 
visible, was never smaller than 15 mm2

, and the average size was 40 
mm2 . In evaluating CSF, blood, and muscle, the region of measure
ment was never smaller than 40, 40, and 60 mm2

, respectively. To 
assess the reproducibility , measurements in scar tissue and blood 
were repeated in the first 10 patients by the same observer. 

Results 

A clear-cut increase in measured intravascular attenuation 
after IV contrast injection occurred in all cases , as illustrated 
in Figure 1 A. However, Figure 1 A also shows the marked 
variations that occurred not only with regard to the degree of 
individual enhancement but also to the severe fluctuations 
seen in the course of time, appearing to indicate considerable 

100 -

80 -

.. 0 

IU -

measurement error. Figure 18 attempts to simplify these 
curves, and it can be seen that in 18 of our cases intravascular 
enhancement decreased during the observation period . This 
is to be expected on the basis of observations that contrast 
material passes rapidly from the intravascular to the extra
vascular compartment, with a half-life of less than 1 min [8, 
9] . The injection and scanning technique used by us , with a 
hand injection always slower than a machine-delivered bolus 
and a brief delay (between injection and start of scanning), 
make it appear inevitable on the basis of known pharmaco
kinetics that intravascular contrast concentrations were de
creasing during our observation period . 

In eight of our cases, however, the enhancement values 
were not seen to change significantly in the course of time, 
while in three cases these values actually increased. Some 
values apparently peaked as late as 10 min after injection. 
These fluctuations and discrepancies seem to indicate a poor 
capability of CT scanning to quantify enhancement effects. 

Figure 2 attempts a similar analysis of contrast enhance
ment of muscle tissue. Here again, considerable individual 
variations occurred. For the group as a whole, a decrease of 
enhancement in the course of time was seen as often as an 
increase (Fig . 28). 

As Table 1 and Figures 3 and 4 demonstrate , enhancement 
of scar tissue also varied considerably among individuals. 
These variations apparently were not related to the duration 
of the existence of the scar nor to variations in IV contrast 
concentrations. When an attempt was made to correct for 
measurement error within the bony spinal canal by subtracting 
the measurement values obtained from the water reference 
of the CSF also within the spinal canal, marked individual 
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Fig. 1.-A, Composite graph of postcontrast intravascular attenuation values (Hounsfield units) for duration of CT examination in 30 subjects. Baseline: 
precontrast value. Time (T) between injection and first postcontrast CT section, taken as 2 min. 

B, Bar graph indicating increase or decrease of intravascular enhancement in course of study. Central column (-5 to 5) indicates number of individuals 
in whom there was no significant increase or decrease (that is , less than 5 H) from first to last postcontrast scan. Next column to left indicates those in 
whom enha ncement in blood dropped by 5- 15 H. Note general tendency of measured enhancement values to decrease rather than increase. 
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Fig. 2.-A, Composite graph of postcontrast psoas muscle attenuation values (in Hounsfield units) for duration of CT examination in 30 subjects. 
Baseline: precontrast value. Time (T) between injection and first postcontrast CT section, arbitrarily taken as 2 min. 

B, Bar graph indicating increase or decrease of psoas muscle enhancement in course of study. (See Fig. 1B.) Note that in muscle tissue, enhancement 
values appear to increase as often as decrease in period between first and last postcontrast scan, thus indicating no net measurable change during this 
period. 

variations remained. The same variations were seen in scar 
tissue in the paras pinal region measured in 10 individuals , 
demonstrating Significant amounts of scarring at the level of 
operation dorsal to the spinal column (Table 2). Despite the 
fact that measurements here were not influenced by bony 
structures surrounding the region of interest , enhancement 
values ranged from 13 to 50 H. 

Measured values obtained from the intervertebral disk be
fore and after contrast injection are shown in Table 3. A 
marked increase as well as decrease was registered. When 
the postcontrast increases and decreases for the whole group 
are averaged , it can be seen that there is no mean change. 
This is to be expected in poorly vascularized tissue. The 
individual variations also appear to indicate measurement 
error. 

Table 4 illustrates intraobserver variability expressed as the 
difference in Hounsfield units between the first and second 
measurements. It can be seen that these differences may be 
considerable. Inconsistency of measurement could usually be 
attributed to scar tissue showing inhomogeneous enhance
ment (for example, edge enhancement), in which cursor place
ment is critical ; to noise caused by obesity; or to inclusion of 
streak artifacts caused by air in the bowels or calcium in the 
walls of blood vessels . 

Repeat surgery was performed in three patients (Fig. 5) in 
whom clinical and CT findings were considered indicative of 
recurrent herniation. Herniated material with scarring was 
found at surgery in all three. In two other patients (cases 15 
and 21), we suspected the presence of herniation on the basis 
of CT morphology, but these patients did not undergo repeat 
surgery. 

Discussion 

Postoperative scar tissue in the paraspinal region , as well 
as intraspinal tissue presumed to represent scarring , do not 
possess characteristic CT numbers, nor do they exhibit a 
quantitatively consistent increase in CT numbers after IV 
contrast injection. In this respect our analysis concurs with a 
statement by Braun et al. [9]. Several possible explanations 
for these marked individual variations were examined. An 
early supposition by us that contrast enhancement of scar 
tissue decreases as the amount of time after operation in
creases could not be confirmed , as Table 1 shows. This 
confirms findings by Teplick and Haskin [4]. Use of a CSF 
reference to cancel out measurement errors caused by the 
bony spinal elements surrounding the region of interest did 
not improve results . 

We asked ourselves whether the lack of consistency of 
scar-tissue enhancement could be accounted for by variations 
in intravascular concentrations of contrast medium, such as 
Figure 1 A appears to indicate, and whether a better result 
could have been attained by following the contrast injection 
with a drip infusion , as has been advocated [3 , 8, 10] . 

As Table 1 shows, there does not appear to be a direct 
relationship between enhancement of blood and of scar tis
sue. It seems that when discussing variations in scar enhance
ment, the kinetics of the contrast medium in the extravascular 
rather than the intravascular compartment are significant 
[10] . In the majority of patients, sequential measurements of 
attenuation numbers in the intravascular compartment indi
cated the decrease in enhancement to be expected during 
this phase [11] . Similar sequential measurements of the ex-
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A 

Fig. 3. - Case 1: pre· (A) and post
(8) contrast CT scans show marked 
enhancement of intraspinal tissue, with 
increased detail visibility. Note post
contrast visualization of nerve roots in 
lateral recesses . 

TABLE 1: Attenuation Measurements in Presumed Intraspinal Scar Tissue 

Mean Attenuation Value in Hounsfield Units (SD) 
No. of 

Case Months Corrected 
No. After Postcontrast Increase Increase (CSF Increase 

Precontrast Reference in Blood Surgery 
Subtracted) 

1 4 29 (16) 83 (16) 54 60 20 
2 48 47 (18) 71 (34) 25 20 56 
3 14 51 (30) 63 (30) 12 3 38 
4 60 48 (26) 74 (40) 26 8 67 
5 6 36 (21) 72 (28) 36 39 42 
6 252 53 (31) 97 (34) 44 43 46 
7 19 52 (12) 61 (10) 9 14 29 
8 144 41 (12) 66 (14) 25 22 29 
9 18 16 (27) 37 (19) 21 25 23 

10 12 2 (30) 27 (29) 25 19 48 
11 4 35 (19) 69 (29) 34 41 43 
12 12 27 (25) 76 (24) 49 53 53 
13 84 38 (19) 80 (2 1) 42 41 34 
14 8 54 (20) 73 (22) 19 23 70 
15 1 67 (22) 69 (19) 2 4 48 
16 18 55 (2 1) 73 (19) 18 17 38 
17 54 60 (19) 66 (16) 6 15 94 
18 48 51 (23) 55 (28) 4 -2 61 
19 1.5 18 (14) 60 (15) 42 31 27 
20 120 8 (15) 55 (15) 47 43 57 
21 " 36 (26) 54 (24) 18 10 41 
22" 9 44 (25) 85 (18) 41 44 52 
23 216 61 (20) 98 (17) 37 45 34 
24 5 43 (15) 63 (15) 20 21 51 
25 18 54 (14) 89 (17) 35 26 23 
26 60 44 (25) 94 (42) 50 61 16 
27 6 1 (19) 25 (21) 24 29 44 
28 5 - 7 (20) 47 (27) 54 38 51 
29b 2 43 (17) 103 (20) 60 58 61 
30 84 38 (13) 87 (13) 49 37 69 

Note -CSF = cerebrospinal fluid . 
a Surgery was not performed in this patient. 
b This pa llent did not have surgery bu t did undergo chemonucleolysis. 

travascular compartment as represented by psoas muscle, We conclude, therefore, that, besides the fact that a higher 
however, although showing marked individual variations, iodine dose is administered, there is no other reason to expect 
could not identify a systematic decrease or increase of en- better scar enhancement with a bolus injection of contrast 
hancement in the course of time. material followed by drip infusion . Rapid hand injection of 
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Fig. 4.-Case 3: pre- (A) and post
(8) contrast CT scans show virtually no 
enhancement of intraspinal tissue. 

A 

TABLE 2: Attenuation Measurements in Presumed Intraspinal 
and Paraspinal Scar Tissue 

Increase in Attenuation After 
Case 
No. 

Contrast (H) 

Intraspinal Paras pinal 

1 54 33 
2 25 37 
3 12 32 
5 36 20 

12 49 36 
14 19 21 
19 42 33 
20 47 13 
25 35 50 
28 54 22 

Mean 37 30 

contrast medium appears sufficient. The decrease in enhance
ment over time that undoubtedly occurs in the extravascular 
compartment appears to be of an order of magnitude not 
discernible by CT scanning under clinical conditions. De Santis 
et al. [7] noted marked enhancement of disk herniations 2 hr 
after administration of contrast material, but apparently did 
not routinely obtain sequential measurements of CT atten
uation values after enhancement. 

All things considered , it seems unwise to attach too much 
importance to mean increases of measured attenuation val
ues after contrast injection in characterizing scar tissue. The 
accuracy of the readings is insufficient for this purpose, as 
has been mentioned elsewhere [12]. This inaccuracy is re
flected in the large fluctuations in measured values of refer
ence substances (Figs. 1 A and 2A), while the relatively poor 
reproducibility of measurements in some cases indicates 
problems in selection of a representative field of measurement 
(Table 4). Large standard deviations occur in scar tissue, but 
also in seemingly homogeneous substances such as muscle , 
disk, and blood . 

B 

TABLE 3: Attenuation Measurements in Intervertebral Disks 

Case 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Attenuation Value (H) 

Precontrast 

36 
57 
84 
92 
95 
NM 
93 
65 
87 
64 
76 
84 
65 
NM 
85 
63 
90 
NM 
75 
86 
99 
53 
77 
NM 
36 
96 
72 
35 
54 
71 

Postcontrast 
Increase 

8 
12 
11 
- 5 
- 5 
NM 

-10 
-2 

6 
10 

-12 
-28 

11 
NM 
-2 

-12 
- 7 
NM 
-7 

-21 
-4 
- 8 

4 
NM 
-1 

6 
15 
17 

2 
34 

Note.-NM = no measurement of attenuation was obtained. 

In addition, markedly enhancing intraspinal tissue does not 
always indicate scarring. Three of our patients who had repeat 
surgery and who proved to have recurrent disk herniations 
showed significant enhancement at the site in question. Most 
reports on IV contrast injection in postoperative spinal diag
nosis mention enhancement only at the rim of recurrent 
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Fig. 5.-Pre- (A, C, and E) and post
(B, D, and F) contrast CT scans of three 
patients with surgically proven recur
rent herniations (case 8, A and B ; case 
16, C and D; case 23, E and F). Aside 
from better edge definition, there is lit
tle visual enhancement of herniation in 
B as compared with A. However, Table 
1 showed a measured mean enhance
ment in case 8 of 25 H. D shows visual 
enhancement of scar tissue surround
ing a nonenhancing recurrent hernia
tion , measured at 18 H. F shows some 
visual enhancement with respect to E, 
with a very clear measured increase of 
37 H in case 23. 
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Fig. 6.- Pre- (A) and post- (8) con
trast CT scans of L3- L4 disk herniation, 
later confirmed at surgery, which had 
migrated upward into the foramen. Pre
operative CT study. Note rim enhance
ment surrounding entire fragment. No 
enhancement of dural sac, epidural 
veins, or posterior longitudinal liga
ment. (This patient was not included in 
the present study.) 

A 

TABLE 4: Intraobserver Variability in Determining Attenuation 
Values: Difference Between First and Second Measurements 

Difference Between 

Case Measurements (H) 

No. Presumed 
Scar Tissue Blood 

1 4 2 
2 32 0 
3 3 14 
4 20 8 
5 16 1 
6 30 10 
7 2 3 
8 4 2 
9 4 8 

10 14 6 

protrusions [1-3, 4, 13] , but other authors [6-8] indicate that 
disk herniations, particularly if they are small , may seem to 
enhance homogeneously. This occurred in two of our cases 
(Fig . 5) , and possibly results from partial-volume averaging . 
The cause of rim enhancement around a herniated fragment 
is unclear. Displacement of enhancing epidural veins has been 
named, but disk herniations may be expected to obliterate 
rather than displace these veins . Figure 6, showing a patient 
who did not undergo surgery, illustrates that rim enhancement 
around a herniation may occur in an area without epidural 
veins. The posterior longitudinal ligament cannot be impli
cated , nor does it appear there is dural enhancement. Evi
dently we are dealing with some form of epidural reaction , 
and its nature is as yet unclear. 

In conclusion, the value of IV contrast administration in 
eliciting an enhancement response specific for postoperative 
scar formation seems very limited. Individual variations are 
too great to make measurement of CT numbers reliable, and 
herniated disk material , by itself or combined with scar tissue, 
can demonstrate considerable intraspinal enhancement. Pos
sibly the chief value of contrast administration lies in the 

1:tIi 

B 

clearer definition it affords of postoperative intraspinal struc
tures. This aspect is discussed in part 2 of this article, which 
will appear in a future issue. 
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