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Introduction

Many radiological studies have been performed to diagnose the thrombosis of the Inferior Vena Cava
(IVC). These techniques were vena cavography, radionuclide angiography?, ultrasonography®, and so
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on.

Scince computed tomography (CT) has been introduced as a tool of radiological procedure, this
technique has been also utilized and proven to be one of the most useful methodls for the detection of this
disease®”, These findings are known as filling defect, inhomogenous density, rim enhancement and
enlargement of IVC®. These signs are more clearly observed by the utilization of contrast agent with
bolus administration via foot vein to expect sufficient concentration into IVC¥”. Occasionally, CT scan
with direct cannulation of femoral vein with bolus injecction was performed®.

Now, during our clinical routine procedures with foot vein bolus injection, we often observed
inhomogenous opacification of the IVC in normal cases using the third generation CT scanner. The
purpose of this report is to classify normal opacification patterns of IVC with foot vein bolus injection on
CT finding, and to call attention to these normal findings must not be misinterpoeted as a thrornbus.

Materials and Methods

All CT examinations were performed with Siemens Somatom £ scanner using a slice thickness of 8
mm at the condition of 125 kVp, 230 mA with 5 sec. scan time. The machine was calibered with CT
phantom before all investigations. Consecutive slices of IVC of the patients were obtained before, and
after 5 min. during drip infusion of 50ml meglumine iothalmate (Conray). A bolus injection of 50ml
meglumine iothalmate was performed before the drip infusion study. Intravenous administration of
contrast agent was made in the medial marginal vein of the foot with 19-gauge scalp vein needle. The
CT values of IVC on pre-enhanced and enhanced scans were measured as “region of interest” which we
made, consisted of 84 to 384 pixels with a mean of 184.

As the cases of normal IVC, 15 patients who were referred for retroperitoneal CT scans were
evaluated. None of the patient had an abnormal anatomy and/or physiology of the IVC such as
paracaval mass, cardiac failure, and so on. They were 13 males and 2 females, and their ages ranged
from 37-62 years with the mean at 51. Consecutive slices of infra-hepatic segment of the IVC were
obtained. Sixty per cent of meglumine iothalmate was given 13 cases, and 30% of meglumine iothalmate
was administrated in 2 cases. All patients retained their breath at full-inspiration on scan both before
and during drip infusion. Taking the images of CT with bolus injection, three of each case retained their
breath at full-inspiration, and full-expriation, respective. The remaining 9 cases retained their breath at
both full-inspiration and full-expiration.

Both area and ratio of minimum diameter to maximjm diameter of the IVC which were obtained hy
bolus injection were also measured using electronic cursor.

In the case of the IVC thrombosis study, a forty-seven year-old male with right renal cell carcinoma
was examined by CT to evaluate the existance of a tumor thrombus in the IVC. Consecutive slices were
examined from the hepatic portion downward along the IVC. Sixty per cent of meglumine iothalmamte
was also administrated by drip infusion as well as bolus injection via foot vein for enhanced study. In

“all scans for this patient, the breath was held at the full-inspiratory phases.

Results

Normal IVC studies

The density of IVC on precontrast CT scan ranged from 40 to 47 with the mean value of 42 Hounsfield
units (H.). The IVC images using foot vein drip infusion at full-inspiration, “homogenous” opacification
was shown in 12 cases, while the other 3 cases (NO.1,12,14), contrast agent was observed mainly in the

-lower portion of IVC, and noted as inhomogenous distribution as it is shown in Fig. 4A. The CT values
of “homognous” opacified [VC with drip infusion ranged 89 to 116 averaging 97 H.

The opacification patterns of 15 cases on CT scans with bolus injection in th foot vein were classified
into three patterns as they are summarized in Table. 1. We may designate these patterns as
“homogenous”, “layered”and” pseudothrombus” opacification."Horogenous” opacification (Fig. 1A,B)
was observed in 2 cases on scan at full-inspiration, and 6 cases at full-expiration. “Layered” opacification
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Table 1 Opacification patterns of normal IVC on CT examination
with foot vein bolus injection

Pﬁﬁéiim‘ AGE 5y Eourﬁ;g;r AT FULL-INSPIRATION AT FULL-EXPIRATION
i (MEGLUMINE
IOTHALAMATE}

1 37, 60 % ﬁﬁ
2 40, 60 % @b
3 By 60 % @b

4 40, y 60 2
5 ST 60 %
6 60y 01

7 52 F 60 % ..
8 62/ 60 1
9 4y 60 % %
10 60, 60 1 @%
11 5 60 % @@
12 50, 60 7 qp
13 60, 60 % @@
14 51, 30 % ﬂﬁ
15 62, 4 60 % %@

Representation of CT values with Hounsfield units ( H.)
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Fig. 1 Case No. 7, A 52 year-old female. A magnified CT view of contrast
enhancement with bolus injection in the foot vein. A: At full-inspiration,
“homogenous” opacified pattern was seen in the IVC. B: Also “homogenous”
opacified IVC was noted at full-expiration and was more distended than that at
full-inspiration. Arrow: IVC, A: aorta

1A
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Fig. 2 Case No. 1, A 40 year-old male. A magnified view of CT scan with bolus
injection in the foot vein. This demonstrated “layered” pattern of opacified
IVC, and shows three layered at full-inspiration. Arrow: IVC, A: aorta

lll\r
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Fig. 3 Case No.11,A 51 year-old male. A magnified view of contrast study with
bolus injection in the foot vein. A: At full-inspiration, "layered” opacified
IVC was seen. B: At full-expiration, peculiar shaped low density area )
observed at upper left in the IVC adjacent to the level of A. and classified as
“pseudothrombus”. arrow: IVC, A: aorta

(Fig. 2,3A) was shown as two or three layers with higher CT values in the lower part and lower CT values
in upper part of the IVC. This pattern was noted in 7 cases at full-inspiration and none at full-
expiration. "Pseudothrombus” opacification (Fig. 3B, 4A,B) was shown as the forms with wedged or
various peculiar shaped low density area in the IVC lumen as they are often seen in the case of IVC
thrombosis. This pattern was noted in 2 cases at full-inspiration and 6 cases at full-expiration.

The opacification patterns both at inspiartoy an expiratory phases were compared in 9 cases in this
studies. Four cases showed th same pattern in both phases. These included 2 cases with"homogenous”
opacification (NO.7.8) and 2 cases with “pseudothrombus’ opacification (NO. 9.12). Different patterns
were noted in 5 cases between both phases. The pattern were as follows : Two cases showed “layered”
at full-inspiratin and” pseudothrombus” at full-expiration (No. 10,11). The other 2 cases had a “layered”

HAERFRHRF ML F3E Ha5
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Table 2 The areas and Min/Max ratio of IVC on
CT scan with foot vein bolus injection

Patient At full-inspiration At full-expiration
o, Area  Min/Max  Area Min/Max
(mm?) ratio* (mmse) ratio*
1 380 0.70
2 287 0.72
3 294 0.80
4 204 0.56
5 207 0.65
6 331 0.56
7 200 0.55 219 0.71
8 467 0.52 416 0.62
9 244 0.60 249 0.50
10 268 0.64 277 0.71
11 228 0.73 224 0.67
12 186 0.52 176 0.54
13 298 0.73 278 0.56
14 286 0.80 284 0.52
15 253 0.42 254 0.44

Min/Max ratio®: The ratio for the minimum diameter to the
maximum diameter of the [VC.

pattern at full-inspiration and a “homogenous” one at full-expiration (NO. 13, 14). The remaining case
showed "homogenous” at full-inspiration and “pseudothrombus” at full-expiration (NO.15).

Both area and ratio for the minimum diameter to the maximum diameter (Min/Max ratio) in the IVC
which were obtained on scan with bolus injection were listed in Table 2. The average area of IVC was
26lmm*. And the areas of IVC in “homogenous”, “layered” and “pseudothrombus” patterns were
measured as a ranged of 200 to 284mm?, 228 to 380mm? and 176 to 467mm? with the mean values of 205,
292, and 287mm?, respectively. The Min/Max ratio of IVC was measured with mean value of 0, 62. And
the respective values of these ratios were ranged from 0.42 to 0.71 with mean of 0.58 in “homogenous”
pattern, 0.64 to 0.80 with mean of 0.73 in “layered” pattern and 0.44 to 0.71 with mean of 0.57 in
“pseudothromobus” pattern.

These ratios were compared in 9 cases both in inspiratory and expiratory phases as indicator for
dilatation of the IVC. Well dilated IVC were observed both in full-inspiratory and full-expiratory phases.
And no marked difference was observed between these two phases concerning the size of IVC.

The case study for IVC thrombosis

The case study of IVC thrombosis due to renal tumor, CT images showed large mass extended to
the anterior portion of right kidney with dilated IVC on precontrast scan. On enhanced scan at the same
lavel, both with drip and bolus foot vein injection, rim enhancement and filling defect were clearly shown
as the signs of thrombus (Fig. 5A). At the level of right renal vein, inhomogenous opacified IVC with
irregular shaped low density area with the CT value of 80 H. was observed on scan with bolus injection
. (Fig. 5B). At the level of inferior portion of the liver, abnormal finding of IVC was hardly detected with
drip infusion technique (Fig. 5C). However, with bolus injection filling defect with CT values of 74 H.
was obviously noted (Fig. 5D).

Surgical exploration revealed the intracaval thrombus due to direct invasion of the renal tumor.
And the tumor thrombus were extended to the IVC at the level of the inferior portion of the liver, although
the IVC at the level of the right renal vein was noted as free of thrombus. These abnormal opacification
of IVC at this level on scan with bolus injection may show a pattern similar to the “pseudothrombus”
which we classified.
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Fig. 4 Case No. 12, A 50 year-old male. A magnified view of the IVC showing.
A: During foot vein drip infusion,contrast agent was seen only lower portion
of the lumen of IVC. B: With bolus injection in the foot vein at full-inspira-
tion “pseudothrombus” was observed. C: With bolus injection in th foot vein
also at full-expiration “pseudothrombus” pattern of IVC was observed. arrow.
IVC, A.: aorta

Discussion

The detection of the IVC thrombosis is important to determine the prognosis and surgical procedure
for the disease such as renal cancer®®. As we described previously many reports have been published
in this field using CT scan. However, none of the reports has been noted in normal findings of the IVC
with foot vein bolus injection.

In this study, we report the various opacification pattens of normal IVC on scan with bolus injection
in the foot vein. They are classified as “homogenous”, “layered” and “pseudothrombus” patterns as we
described previously. And these normal variations which we have found include the mimicry of
intracaval thrombus.

The patterns we described as “pseudothrombus” were inhomogenous opacification. We speculate
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Fig. 5 A 47 year-ols male with the case of renal cell carcinoma. A: A huge

rnass was observed in the right kidney, and inhomogenous density were clearly
shown with bolus injection in the foot vein. B: At the level of right renal
vein, inhomogenous opacified IVC with irregular shaped low density was
shown on scan with bolus injection in the foot vein. C: At the level of
inferior aspect of the liver, abnormal finding of the IVC was hardly detected
with drip infusion. D: At the almost same level, filling defect was obviously
noted with bolus injection in the foot vein. arrow: IVC, A: aorta, head
arrow : right renal vein, M : mass
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the reason for these phenomena is insufficient amount of contrast agent for filling up the large IVC
lumen. Generally, a contrast agent has a greater specific gravity than that of blood, and has a tendency
to deposit in th lower portion of the vessel, if it is insuffuciently mixed and/or administrated in insufficient

amounts.

In our investigation, both “layered” and “pseudothrombus” patterns were observed in dilated IVC.
And, the former pattern was noted at full-inspiration, while the latter pattern was noted generally at full-
expiration. Now, why were these different patterns observed in normal IVC ? We speculate that the
reason may be strongly related to the blood flow in the IVC.
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From this standpoint, it is essentially necessary to investigate the physiological flow in the IVC. The
relation between respiratory cycles and blood flow in the IVC has been reported by several authors!®-12),
According to these reports, blood flow in the abdominal portion of the IVC decreases at full-inspiration
because of the considerble constriction by the diaphragma, whereas the blood flow may be increase at full-
expiration. From this knowleage, we suspect that the “layered” pattern is shown in the case of slow
blood flow of IVC, and the “pseudothrombus” pattern is shown in rapid blood flow due to turbulence of
the blood flow in IVC. In a few cases, “pseudothrombus” pattern were also observed at full-inspiration.
In these cases, the patients might not retain their breath at full-inspiration so the blood flow decreases.

The size of the IVC on the CT scan must also be disussed, because the diameter of he IVC may vary
with the respiratory phase. Pillari recommends that holding the breath at full-expiration on scan is a
useful technique to maintain fully dilated IVC*®. However, Grant et al reported that well dilated IVC
could be obtained on scan at end of both inspiratory and expiratory phases using the ultrasonographic
method'”. And also in our CT investigation, well dilated IVC were observed during both phases.

Without contrast enhancement, the tumor thrombus of the IVC has been reported to have CT values
of 20 to 50 H., which is similar to that of circulating blood”®. For this reason, it is necessary to identify
the opacification difference between thrombus and normal IVC lumen on CT evaluation more clearly.
The CT values of the IVC by routine drip infusion via antecubtal vein was reported as range of 60-70 H.
as reported by Burgener et al'®. On the other hand, the IVC thrombus with relatively high density were
reported using foot vein bolus injection which had almost the same results as we obtained in this study?.
So, these facts suggest to us that the IVC thrombosis may appear in various findings with different means
of enhancement on CT study.

For an evaluation of IVC thrombosis using foot vein bolus injection, we must consider the respiratory
phase as well as CT values to identify “pseudothrombus” pattern from true thrombus. And also,
sufficient interpretation must be done so that misinterpretation of normal findings are not mistaken for
thrombosis.

Conclusion

Normal Inferior Vena Cava (IVC) of 15 cases were studies on CT with bolus injection in the foot vein.
Well dilated IVC were obtained on scan both at full-inspiration and full-expiration. As the normal
findings of IVC, different opacification patterns which may be designate “homogenous”, “layered” and
“pseudothrombus” were obtained. The “homogenous” opacification was noted both at full-inspiration
and full-expiration. In homogenous patterns as noted as “layered” and “pseudothrombus” were suspect-
ed to occur in the case of insufficient mixing of contrast agent with blood and/or insufficient amount of
contrast agent. And both these patterns were observed in dilated IVC. The “layered” opacified IVC
was shown on scan at full-inspiration at which respiratory phase the blood flow in IVC may decrease.
The “"pseudothrombus” pattern was generally noted at full-expiration at which the blood flow may
increase.

Although holus injection of contrast agent into foot vein is useful for evaluation of IVC, one shound
be aware of normal opacification of IVC including “pseudothrombus” pattern.
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