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Radionuclide Venography and Its Functional
Analysis in Superior Vena Cava Syndrome
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In addition to imaging, radionuclide venography maybe used for the
functional assessment of superior vena cava (SVC) syndrome by
applying the indices of transit time (TT), time of half-peak count (TH)
and peak count ratio (PC ratio). Methods: Ten healthy subjects
(Group N) and 107 patients with SVC syndrome (64 symptomatic
and 43 asymptomatic) were studied. Images were visually assessed
for collaterals or jugular venous reflux and values of the indices were
calculated. Results: The 107 patients were subclassified into three
groups according to the images obtained. Collateral circulation was
seen in 37 patients (Group C). In 20 patients, jugular venous refiux
was observed (Group J). Fifty patients who showed neither collat-
erals nor reflux were included in Group P. In comparison to Group N
[3.6 = 0.56 sec (sem)], TT values were significantly higher (p < 0.05)
for Group J (7.13 = 1.16 sec) and Group C (7.00 * 0.87 sec). Values
of TH were significantly prolonged (p < 0.05) for Group J (23.6 + 4.8
sec) and Group C (18.8 + 2.2 sec) in comparison to Group N (9.2 +
1.5 sec). PC ratio values were higher in all patient groups in
comparison to Group N (3.4 + 0.57). Conclusion: These indices are
potentially useful in the initial diagnosis and post-therapeutic evalu-
ation of SVC syndrome. In the absence of other causes, appearance
of jugular venous reflux may be considered a sign of SVC syndrome.
Key Words: radionuclide venography; superior vena cava syn-
drome; jugular venous reflux; functional indices
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Superior vena cava (SVC) syndrome was first described by
William Hunter in 1757 (7). Presently, bronchogenic carcinoma
is the leading cause and accounts for 67%—82% of all cases of
SVC obstruction (2). Initially, SVC syndrome was considered
to be an oncologic emergency (3), but later reports have refuted
this notion (4-6). Emergency or not, it bears considerable
importance for both the clinician and patient.

A careful diagnostic work-up is an essential prerequisite to
successful management of this syndrome (4,6). Radionuclide
venography is a convenient, noninvasive procedure which
forms an important component of such a work-up (2). In the
present study, we intended to establish certain criteria on
radionuclide venography to aid in the diagnosis and post-
therapeutic evaluation of SVC syndrome and to study hemody-
namic characteristics in the central veins, consequent to stenosis
and/or obstruction of the SVC.

METHODS

Between February 1986 and July 1994, radionuclide venography
was performed on 117 subjects. Ten healthy volunteer men (aged
31-57 yr; mean age 43 yr) constituted the control Group N. The
remaining 107 were patients with SVC syndrome (97 men, 10
women; age 33-81 yr; mean age 62.6 yr). Selection criteria
included presence of clinically obvious SVC syndrome consisting
of swelling of the face, neck and/or the upper extremities (symp-
tomatic in 64 patients) or only radiological signs such as medias-
tinal widening, suprahilar or hilar lesions and tumor location in
upper lung zones, rendering them susceptible to SVC syndrome-
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(asymptomatic in 43 patients). More than three of four had broncho-
genic carcinoma. The diagnostic profile is shown in Table 1.

Data Acquisition

Boluses of 111 MBq (3 mCi) *™Tc-MAA, less than 0.5 ml in
volume, were injected simultaneously into both median cubital
veins of the subjects lying in the supine position with their arms by
their sides and holding the neck in the neutral position, i.e., the
back and occiput touching the examination table. They were asked
to continue normal tidal breathing, avoiding Valsalva’s maneuver
(7). The gamma camera was placed anteriorly over the neck and
the upper chest. Data were stored in frame mode at 1 frame/sec for
2 min at 64 X 64 matrices. This was followed by lung perfusion
imaging in anterior, posterior, right and left lateral views in sitting
position.

Data Analysis

Images were carefully assessed visually for the presence of
collaterals or internal jugular venous reflux. The stored data then
were processed by a computer as follows. After image addition,
four regions of interest (ROIs), depending on the anatomical size of
the vessel, were drawn with one each on the right and left
subclavian veins (RSCV and LSCV) (6 X 10 matrix size), the
superior vena cava (SVC) (4 X 12 matrix size) and the right atrium
(RA) (6 X 9 matrix size) (Fig. 1). The size of each ROI
corresponds to the normal dimensions of the respective vessel. A
time-activity curve was plotted for each ROI (Fig. 1). The curves
for the subclavian veins showed single peaks. On the other hand,
two peaks were usually visible on the curves for the SVC and the
RA corresponding to the entry of radionuclide from the RSCV and
the LSCV. The points on the curves were denoted as PC = peak
count, PT = peak time, PC/2 = half-peak count and TH = time of
half-peak count. The subscript RSCV, LSCV or SVC denotes the
vessel from which the curve was derived. R and L denote peaks
produced by the bolus from the right and left subclavian veins. The
first peak is marked R because peak time in the RSCV was earlier,
as compared with the peak time in the LSCV, in the majority of
cases. In patients with earlier peaks on the left side, the first peak
was accordingly considered to be caused by the left subclavian
bolus. Appearance of a single peak indicated concurrent entry of
boluses from the subclavian veins.

PTrar) = peak time in the right atrium,
produced by the bolus from RSCV

PTra) = peak time in the right atrium,
produced by the bolus from LSCV.

As explained earlier, the converse was considered in patients
with earlier left subclavian vein peaks. The following three indices
were defined and their values were calculated for each subject,
according to:

Transit time is:

TT(R) = PTra®r) — PTrscv
TT(L) = PTraw) — PTiscvs

where TT(R) denotes transit time of the bolus from the RSCV to
the RA and is calculated by subtracting the peak time in the RSCV
from the time of the peak produced in the RA by the right
subclavian bolus. Similarly, TT(L) means transit time from the
LSCV to the RA and is calculated by using corresponding values
on the left side.
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Time of half-peak count is:
THgscv

THiscv,

where TH is the time of half-peak count in the subclavian veins and
is the time difference between the points of half PC on the curve
(Fig. 1).

Peak count ratio is:

PC ratio = MaX{PCRscv, PC[_scv}/P Csvc.

Peak count ratio was calculated by dividing the PC in the RSCV
or LSCV, whichever was greater, by the PC in the SVC.

Statistical significance was determined with Bonferoni’s multi-
ple-comparison procedure (8), paired or unpaired t-test; a p value
less than 0.05 was considered statistically significant.

RESULTS

Visual Assessment and Grouping

In Group N, no jugular venous reflux or collaterals were seen
in the venograms of the 10 normal subjects (Fig. 2A). In Group
P, 50 patients (46%) who showed neither collaterals nor jugular
reflux were included (Fig. 2B).

Twenty patients (19%) showing only jugular venous reflux
were classified as Group J (Fig. 2C). Of these, 11 had no
clinical signs of SVC syndrome but had suggestive radiological
signs. The remaining nine were symptomatic.

Thirty-seven patients (35%) showing various collaterals, as
listed in Table 2, were categorized as Group C (Fig. 2D). In this
group, seven patients showed no clinical manifestations of SVC
syndrome. Certain common patterns of collaterals are shown in
Figure 3.

Paired t-test analysis revealed no statistically significant
difference between the TT(R) and TT(L) and the THgqcy and
TH; gcy in all four groups. Therefore, the higher of the two
values was used for comparison since it was considered more
indicative of the hemodynamic derangement. Since we de-
pended on the appearance of clearcut upward and downward
slopes on the time-activity curves of the subclavian veins and
the appearance of two peaks on the curve for the RA, we could
calculate TH or TT from one side only in a few cases having
unclear curves. In addition, some cases with bizarre curves had
to be omitted, which explains the discrepancy between the case
number (n) presented on the graph and the total number for each
group. In the case of the PC ratio, a single value was obtained
from each subject.

Mean values of indices for each group were compared among
the four groups (Bonferoni’s method) and among the asymp-
tomatic and symptomatic subgroups within each group (un-
paired t-test). No statistical significance was seen in the latter
case.

Transit Time

As shown in Figure 4, an upward trend of TT was observed,
indicating that it is prolonged as the disease state progresses. No
further prolongation was observed in Group C. In comparison to
Group N (3.6 * 0.56 sec), TT was significantly higher in Group
J (7.13 = 1.16 sec; p < 0.05) and Group C (7.00 = 0.87 sec;
p < 0.05). Group P differed significantly from Groups J (p <
0.05) and C (p < 0.01).

Time of Half-Peak Count
As illustrated in Figure 5, the TH in the subclavian veins was
highest in Group J (23.6 * 4.8 sec) which differed significantly
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TABLE 1

Diagnostic Profile of Patients
Number of
Diagnosis patients
Bronchogenic carcinoma (88)
Squamous-cell 26
Adenocarcinoma 25
Small-cell 22
Large-cell 15
Mediastinal tumors 13
Metastatic cancer 3
Miscellaneous 3
Total 107

from Groups N (9.2 = 1.5 sec; p < 0.05) and P (13.2 + 1.4 sec;
p < 0.05).

Peak Count Ratio

The PC ratio showed an upward trend (Fig. 6) which was
similar to the tendency observed for TT and TH. Although
insignificant statistically, values were higher for all patient
groups in comparison to Group N (3.4 * 0.57). There was little
difference between Group J (6.8 * 2.55) and Group C (6.78 *
0.97).

DISCUSSION

Radionuclide venography is a useful, accurate and noninva-
sive method of imaging the venous system (9). In addition to
imaging, it can be used to study the functional aspects of SVC
syndrome (/0). Consistent with other large series, more than
80% of our patients had bronchogenic carcinoma, with squa-

SCHEMATIC DIAGRAM
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FIGURE 1. Diagram of four ROls and relevant time-activity curves. PC =
peak count; PT = peak time; TH = time of half-peak count; RSCV = right
subclavian vein; LSCV = left subclavian vein; SVC = superior vena cava; RA
= right atrium; PTram = peak time of bolus coming from right subclavian
vein; PTraq, = peak time of bolus coming from left subclavian vein.

FIGURE 2. Venographic images of four subject groups. (A) Group N. (B)
Group P. (C) Group J, note visualization of intemal jugular veins bilaterally
(arows) indicating retrograde flow as a consequence of impaired fiow
through the SVC. (D) Group C, bilateral intemal thoracic veins are seen as
collaterals.

mous-cell carcinoma being the leading cell type (2). There were
no patients with valvular heart disease, overt heart failure or
thoracic venous catheters.

Collaterals

In our series, 37 patient (35%) showed collaterals, whereas
Coltart et al. (/1) encountered collaterals in 50%. The most
common collateral pathways were the lateral thoracic, internal
thoracic and intercostal veins. We used the term cervical venous
network to denote the vertebral and highest intercostals as
defined by Muramatsu (/2). Twenty percent of the patients with
collaterals were asymptomatic and, therefore, the presence of
collaterals served as a confirmatory sign of SVC syndrome.
Gradual development of the syndrome in cases with partial
stenosis of the SVC may lead to such a phenomenon (13).

Jugular Venous Reflux

Jugular venous reflux has been observed by several authors in
the course of dynamic brain flow imaging (/4-16). Rao et al.
(16) mentioned certain technical factors as possible causes of
the reflux. Retrograde flow in the central veins of subjects with
valveless cervical venous systems or cervical venous incompe-
tence has also been implicated (/7). It has also been described
as a sign of elevated systemic venous pressure due to congestive
heart failure (/8). According to Peart and Driedger, appearance
of jugular reflux warrants further investigation of the medias-
tinum (/9). Miyamae encountered it, secondary to central vein
obstruction, during radionuclide venography (/0). Irrespective
of the cause, retrograde flow seems to be the principal factor in
the pathogenesis of the jugular reflux, even in cases with absent
or incompetent cervical valves. In our series, reflux was

TABLE 2
Frequency of Collateral Pathways
Number of
Collateral patients
Lateral thoracic vein 15 (40.5%)
Intemal thoracic vein 15 (40.5%)
Intercostal vein 15 (40.5%)
Jugular venous arch 10 (27%)
Cervical venous 8 (21%)
network
External jugular vein 7 (19%)
Azygos vein 6 (16%)
Superior intercostal vein 4 (10%)
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FIGURE 3. Frequent pattems of collateral circulation. Upper row from left to
right: lateral thoracic vein, azygos vein, jugular arch. Lower row from left to
right: intemal thoracic vein, cervical venous network (12), extemnal jugular vein.

associated with increased values of TT, TH and PC ratio in the
presence of either clinical or only radiological signs of SVC
syndrome. In addition, the absence of heart failure and avoid-
ance of technical factors indicated SVC stenosis as the cause of
retrograde flow leading to the appearance of jugular venous
reflux. In Group J, 11 patients (>50%) did not have clinically
overt SVC syndrome. The presence of jugular venous reflux in
these patients could suggest the existence of SVC syndrome. It,
therefore, served as a valuable and early sign of SVC obstruction.

Functional Indices

The appearance of two peaks in the curves from the SVC and
the RA may be attributed to a slight discrepancy in timing of
injections between the patient’s two arms.

Transit time values for normal subjects (3.6 * 0.56 sec) are
concordant with those of Vincken et al. (20). We considered TT
from the subclavian veins to the right atrium as most sensitive
and specific for flow disturbance in the central veins, since it
represents TT across our focus of interest (the central veins) and
is independent of local factors, such as arm edema and position
and axillary node swelling. Also, it is not influenced by the
discrepancy in timing of injection. Other authors have calcu-
lated transit time of the bolus from the antecubital veins to the
right heart (/0) and its arrival time in the subclavian veins and
the SVC from the arm (9). Local factors may exert an influence
on these values. Figure 4 depicts an upward trend of TT among
the four groups but no further prolongation is observed on
opening of collateral pathways.
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FIGURE 5. Comparison of time of half peak count (TH) between normal
subjects and patient groups. *p < 0.05. Emror bars show 1 s.em.

The TH is a parameter which is directly proportional to the
persistence of the radionuclide in the subclavian vein and serves as
a sensitive index of slow blood flow in the central veins. In Figure
5, an upward trend suggests increasingly sluggish flow through the
central veins with the highest values noted for Group J. Interest-
ingly, values of TH register a fall in Group C, owing to availability
of collateral pathways. The presence of increased TH per se should
not be considered diagnostic of SVC syndrome as has been
previously reported (2/). For diagnostic purposes, it should be
considered in combination with other findings such as jugular
venous reflux or increased transit time. It may serve as a useful
parameter in follow-up studies. The PC ratio also showed an
upward trend, similar to TT and TH. This common upward
tendency represents the disturbance in blood flow.

Presence of a statistically significant difference of TT and TH
between normal subjects and different groups of patients
indicates that different hemodynamics are at work in each
group. Although, no statistical difference was seen for the PC
ratio among the four groups of subjects, we consider the ratio to
be potentially useful for follow-up studies. Since none of the
indices showed any statistical difference between edematous
and nonedematous patients within each group, we may con-
clude that, hemodynamically, they have similar derangements.

CONCLUSION
Our analysis of the time-activity curves in correlation with
the images indicate that:

10

PC Ratio

n=10

N P J Cc

FIGURE 4. Comparison of transit time (TT) between normal subjects and
patient groups. *: p < 0.05; **: p < 0.01. Error bars show 1 s.e.m.
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FIGURE 6. Comparison of peak count ratio (PC ratio) between normal
subjects and patient groups. Error bars show 1 s.e.m.
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1. On radionuclide venography, the presence of jugular venous
reflux may serve as an early sign of SVC syndrome,
provided other causes of the reflux are ruled out.

2. Prolonged transit time (TT) from subclavian veins to the
right atrium is proposed as a useful indicator of slow
passage of blood through the central veins.

3. Increased values of time of half-peak count (TH) indicate
sluggish blood flow through central veins.

4. The peak count ratio (PC ratio) may be considered a
valuable indicator of hemodynamic disturbance in the
SVC syndrome.

5. These indices are helpful in detecting hemodynamic changes
in patients, irrespective of the presence or absence of clini-
cally manifest edema of the upper half of the body.

6. These indices are potentially useful parameters in fol-
low-up studies of the same patient.
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Iodine-123-MIBG Imaging of Neuroblastoma:
Utility of SPECT and Delayed Imaging
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Possible incremental diagnostic benefits of SPECT and delayed
planar imaging with ["2]MIBG in neuroblastoma have not Xs

fully established. Methods: Whole-body delayed planar ['“3]MIBG
imaging at 48 hr and SPECT imaging of the chest-abdomen or other
suspected sites obtained at 24 hr were compared with routine
planar imaging at 24 hr in 83 studies of 29 children with neuroblas-
toma. The sensitivity for each of the ['2*[[MIBG imaging methods
was calculated on a study-by-study and on a lesion-by-lesion basis.
Results: Fifty-one planar imaging studies were performed in 20
patients with evidence of disease which was detected in 48 studies
by 24-hr imaging (94.1% sensitivity) and in 44 studies by 48-hr
imaging (86.3% sensitivity). On a lesion-by-lesion basis, sensitivity
was 88.8% for the 24-hr scan, 86.7% for the 48-hr scan and 92.2%
for a combination of the two (p = ns). Forty-three SPECT studies
were performed in 20 patients with evidence of disease in the field of
view of the SPECT camera. Disease was detected in 40 SPECT
studies (33% sensitivity), in 38 planar scans at 24 hr (84.4% sensitivity)
and in 37 planar scans at 48 hr (86.0% sensitivity). On a lesion-by-
lesion basis, sensitivity was 83.6% for the 24-hr planar scan, 86.1%
for the 48-hr planar scan, 88.2% for a combination of the two planar
scans and 97.9% for SPECT (p < 0.001 compared with planar). The
anatomic locations of tumors were clearer on SPECT in 15 studies.
Conclusion: Delayed 48-hr planar scanning may occasionally depict
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more lesions than 24-hr imaging, but it may also miss lesions with
rapid washout. SPECT imaging significantly increases the number of
lesions detected and better defines anatomic location of tumors.
Key Words: iodine-123-MIBG; neuroblastoma; planar imaging; de-
layed imaging; SPECT

J Nucl Med 1996; 37:1464-1468

Metaiodobenzylguanidine (MIBG) labeled with either '*'I or
12 has been used for nearly 15 yr in the scintigraphic
evaluation of neuroendocrine tumors, particularly pheochromo-
cytomas and neuroblastomas (/-3). In patients with neuroblas-
toma, a sensitivity of 77%—96% and a high specificity (approx-
imately 100%) has been reported for both radiopharmaceuticals
(3-6). Due to its physical properties (159 keV photon energy,
13-hr half-life and paucity of particulate emission of '2’I) and
the high activity that can be administered, MIBG labeled with
1231 has superior imaging characteristics. These characteristics
of ['*I)MIBG, and its favorable dosimetry, even in higher
administered doses, make its use preferable in children (7-8).

Iodine-123-MIBG imaging is most commonly performed at
24 hr after tracer administration. However, the optimal timing
for scintigraphy has not been definitively established; a recent
report by Paltiel et al. (9) points out the improvement of
thoraco-abdominal lesion visualization in 48-hr images.
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