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High-output cardiac failure is one of the cardiovascular problems
associated with multiple myeloma and frequently seen in patients
with extensive bone lesions. The purpose of this study was to search
arteriovenous shunting in patients with multiple myeloma and car
diac failure. Methods: After the exclusion of other causes of con
gestive heart failure, 11 patients whose cardiac indices were higher
than or equal to 4 liter/min/m2 were selected for the study (7 women,
4 men; mean age 59.64 Â±8.92 yr). All patients had Stage ll-lll
disease and femoral involvement in radiological examination. Arte
riovenous shunting was determined by means of intra-arterial injec
tion technique of 99mTc-macroaggregated albumin (MAA) particles.

A quantitative analysis of all scans was performed, and the results
were correlated with cardiac index. Results: Mean cardiac index
was 4.33 Â± 0.36 liter/min/m2 in the study group. In all cases,

arteriovenous shunting was detected (18.70% Â± 17.29%), and
inhomogenous, increased radioactivity accumulation was revealed
in the femoral region (lesion-to-background ratio 2.71 Â±2.08). This
zone corresponded to the area of infiltration in a radiograph. A
significant correlation was found between shunting values and
cardiac indices (r = 0.7899, p = 0.004, Spearman). Although all
patients had varying degrees of anemia, we did not find such a
relationship between the degree of anemia and cardiac index.
Conclusion: Arteriovenous shunting within involved skeleton con
tributes significantly to the development of high-output cardiac
failure in multiple myeloma.
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D"iffuse bone marrow infiltration is a characteristic of multiple

myeloma. Arteriovenous shunting within the bone infiltration
has been proposed as a contributing factor to high-output

congestive heart failure (1,2). This hypothesis and the possibil
ity of microscopic shunting in the bone marrow are yet to be
fully explained. It is documented that the high-output state was
more frequently seen in patients with extensive bone lesions (2),
and these patients responded well to efficient chemotherapy (3).

To determine arteriovenous shunting, the Doppler technique
and angiography have been used (1,2,4). Using radiolabeled
particles (either macroaggregated albumin (MAA) or albumin
microspheres), arteriovenous shunting can be demonstrated
even at a microcirculatory level (5- 8). Technetium-99m-MAA,
as a paniculate perfusion radiotracer, is completely trapped by
the first line of microcapillary bed after intra-arterial injection.
When there is arteriovenous shunting, bypassing fraction
through these short-circuits is accumulated by the pulmonary
vasculature. After intra-arterial injection, the detection of radio-
labeled particles in the pulmonary vascular bed is an evidence
of arteriovenous shunting within the region studied. This
technique has been used successfully not only in the diagnosis
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and quantitation of arteriovenous shunting but also in localizing
the site of shunting (5,9).

Concerning the pathogenetic mechanism of high-output car
diac failure, we investigated the presence and effect of arterio
venous shunting within the bone lesions of multiple myeloma
and its relationship with high-output state.

MATERIALS AND METHODS
Eleven patients were included in this study (7 women, 4 men;

age range 45-71 yr; mean age 59.64 Â±8.92 yr) after the exclusion
of the other causes of cardiac failure. Written informed consent was
provided by all patients. The cardiac index was measured using an
indicator dilution method. Only patients whose cardiac indices
were high or on the upper limit of normal were selected for the
radionuclide study (s4 liter/min/m2). All patients had extensive

disease, Stage II or III according to SWOG criteria. Femoral
involvement was present in all patients.

Thirty-seven MBq 99mTc-MAA (10-60 jum in diameter, ap
proximately 5 X IO4 particles) were injected into the cannula,

placed in the femoral artery at the lesion site (2 left, 9 right) and
flushed through with saline. After an equilibrium time (2-3 min),

a static image was acquired from thoracoabdominal region for 1
min (64 X 64 matrices, 140-keV, 20% energy window, GÃˆXR/T
(GE, St. Albans, Herts, England) gamma camera interfaced with
Starcam 4000 computer (Starcam, Milwaukee, WI) and LEAP
collimator and followed by whole-body imaging. After the arterial
phase imaging, the same dose of 99mTc-MAA was injected intra

venously through the antecubital vein, and thoracoabdominal and
whole-body images were acquired.

To quantify shunting (Fig. 1), regions of interest (ROIs) were
drawn over the midzone of the right lung and left upper abdomen
from thoracoabdominal images in the arterial and venous phase
images (7X7 pixel size). Arteriovenous shunting was calculated
using total counts from these reference regions (Alung,Abody,Viung,
Vbody,respectively) and the formula below (5,8):

% arteriovenous shunting = (A,ung X Vbody)/(AbodyX Vlung).

It is considered that V,ung counts reflect 100% shunting, but
this assumption needs correction for unbound technetium or
background activity. For this reason, Alung:Vlungratio should be
corrected by Vbod :Abody ratio.

In the statistical analysis, Spearman's rank test was used for

correlation. A two-tailed significance was considered (p <
0.05).

RESULTS
All 11 patients had 90% plasma cells in the bone marrow and

extensive bone lesions (Table 1). The cardiac index was 4.33 Â±
0.36 (4-5.10) in the study group. Scintigraphically, arterio

venous shunting was observed in all of the patients (mean
shunting value was 18.70 Â± 17.29, ranging from 4.80%-
47.70%). Shunting ratios were well correlated with cardiac
index (r = 0.7899, p = 0.004; Fig. 2). Although all 11 patients
had varying degrees of anemia, hemoglobin and hematocrit
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FIGURE 1. ROIs drawn over the midzone of the right lung and the left
upper abdomen in the thoracoabdominal images acquired at the
arterial (A) and venous phase (V). Venous phase reflects 100%
shunting and postintra-arterial counts in the lung reflect bypassing

particles. A ratio of arteriovenous shunting can be calculated from
these counts by the formula (A,ungx Vbodyy(Abodyx Vlung).

values (9.75 Â±0.54 g/dl and 29.28% Â±1.44%, respectively)
did not show any correlation with cardiac indices. In addition,
inhomogenous, increased radioactivity accumulation was re
vealed in the areas corresponding to femoral infiltration of all
patients (Fig. 3). The lesion-to-background ratio of femoral
lesion was determined as 2.71 Â±2.08 using mean counts per
pixel in the femoral and background ROIs (lesion ROI was
drawn over the femoral bone between the upper and lower
limits of MAA collections, and background ROI was placed to
the adjacent, normally perfused soft tissue). However, there was
no correlation between arteriovenous shunting values and
lesion-to-background ratios in scintigraphic analysis.

DISCUSSION
High output congestive heart failure, hyperviscosity syn

dromes and amyloid heart disease are cardiovascular manifes
tations of multiple myeloma (10). Anemia and increased plasma
volume may cause high-output heart failure in myeloma pa
tients (10,11). These patients respond to specific chemotherapy,
but the correction of anemia or supportive therapy do not
ameliorate failure symptoms (1-3). Two explanations have
been proposed for high-output failure in myeloma patients.
First, arteriovenous shunting and a humoral factor affect cardiac

TABLE 1
Study Results

A-V

Patient Age shunting Cardiac
no. (yr) Sex (%) index Stage Immunoglobulin type

12345678g10117151456356636868466263FMFFFMMFFFM4739.48.534.811.2105.347.77.519.25.15.14.54.24.14424.14.84.14.543B3B2A3A3B2A3B3B2A2A2AkappaIg
A,lambdakappaIg

A,kappaIg
G,kappaIg
a,lambdalambdakappakappaIg

G,lambdaIg
G, lambda

3Â» 40 4.2 4.4 4.6 49 50 52

CARDIAC OUTPUT

FIGURE 2. Correlation between shunting ratio (%) and cardiac index
(liter/min/m2).

function and pÃ©riphÃ©rievascular resistance. Tamir et al. (12)
reported a case with high-output cardiac failure and primary
plasma cell leukemia in which chemotherapy resulted in a
significant fall in cardiac index. They thought that the soluble
factors released from malignant plasma cells may affect pÃ©riph
Ã©rievascular tone and/or inotropi or chronotropi of the heart. It
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A = arterial phase; V = venous phase.

FIGURE 3. A case example with high shunting ratio. Arterial (A) and venous
phase (B) images. Cardiac index and shunting ratio were calculated as 5.1
liter/min/m2 and 47%, respectively. After the intra-arterial injection, concen

tration of the radiolabeled MAA particles in the lung fields and increased
irregular radioactivity accumulation in the femur can be seen (small arrows).
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is possible that the decreased tumor volume, as a result of
effective chemotherapy, might lead to a reduction in the
secretion of vasodilatory substances responsible for shunting.
Second, decreased systemic vascular resistance also has been
reported in well-defined myeloma patients.

The association of myeloma, arteriovenous shunting and
high-output failure was demonstrated by Sanchez et al. (7), but
they could not determine the exact amount of shunting. In their
case, obliteration of abnormal pelvic vessel improved cardiac
symptoms and cardiac output. This observation can aid under
standing of why these patients are unresponsive to the correc
tion of anemia or supporting therapy with digitalis and diuretics.
Embolization of abnormal communication and efficient chemo
therapy seem to be more appropriate therapeutic approaches
when treating cardiac failure in these patients. Judson et al. (3)
presented a case in which high-output cardiac failure com
pletely disappeared after successful treatment of multiple my
eloma, and they concluded that the high output can be attributed
directly to active myeloma requiring efficient chemotherapy.

Our results showed the hypervascular nature of myelomate-
ous lesions and the presence of significant arteriovenous shunt
ing (Fig. 3). The association of increased 99mTc-MAA trapping
in the lesions with accumulation of 99mTc-MAA particles in the

lung fields after intra-arterial injection suggests a marked
increase in the number of microcapillary vessels of variable
caliber and reflects the presence of an intact capillary bed as
well as abnormal communications within the involved bone.
The angiographie findings in multiple myeloma include diffuse
and inhomogenous contrast uptake in lesions, early venous
drainage and rapid arteriovenous shunting (4). The advantages
of the radionuclide method are that it is able to demonstrate the
physiologic effect of arteriographically demonstrable or unde-
monstrable disease (i.e., it allows the determinations of alter
ations even at microcirculatory level), to quantify the degree of
arteriovenous shunting and to demonstrate the distribution of
perfusion to the extremity (7). In addition, it has low radiation
dose and no side affects. Angiography is unable to differentiate
early venous filling from physiologic or anatomic shunting (7)
and also have the risk of contrast-induced renal failure. The
efficiency of different therapeutic modalities can be sensitively
monitorized using the scintigraphic shunt procedure.

Different quantification methods have been used in the
calculation of arteriovenous shunting (6-8). Albumin micro-

spheres can be preferred in shunting studies, which are less
fragile than macroaggregates of albumin and in relatively
uniform size (7,73). On the other hand, 99mTc-MAA also has

been used successfully in the documentation and quantification
of arteriovenous shunting in patients with osteogenic sarcomas
and hepatic neoplasms (14-16). In addition, an agreement
between decreasing tumor vascularity, decreasing lung activity
and clinical indices of therapeutic response has been reported
using 99mTc-MAA particles (14,15). In this study, we preferred
to perform arterial injection of 99mTc-MAA at first to observe

clearly a bypassing fraction of radiolabeled particles to pulmo
nary circulation.

In some shunting studies, 99mTc-pertechnetate has been used

as an agent to be injected intravenously. Distribution of this
agent represents background activity and establishes a distribu
tion ratio (6). In the microsphere technique, a shunting ratio also
has been corrected for unbound technetium in suspended
solution (77). We selected 99mTc-MAA for intravenous injec

tion, in which complete trapping of the same amount of
particles in the pulmonary vascular bed represents 100% shunt
ing. Although we used the same dose and identical radiophar-

maceutical for intravenous and intra-arterial injections, the
correction to Alung:Vlungratio also was applied for nonspecific
activity such as the possibility of free technetium or a fraction
of smaller macroaggregated albumin particles small enough to
pass capillaries, and then Vbody:Abody ratio was used as an
internal correction factor.

It has been suggested that greater blood flow through the
hyperperfused, involved bone alone may cause physiologic
shunting and heart disease in Paget's disease, in which abnor

mal arteriovenous communication has not been demonstrated at
autopsy, by angiography or scintigraphy (18). It is possible that
the venous blood draining hyperperfused myelomateous lesions
also may contribute to the hyperdynamic state. In addition to the
possible effects of anemia, increased plasma volume, vasodila-
tion, decreased pÃ©riphÃ©rievascular resistance and physiologic
shunting, our results demonstrated that anatomic shunts may
play an important role in the development of the high-output
state in multiple myeloma. The shunting values detected in this
study represent only a part of shunting in patients with exten
sive disease. But it can be speculated regarding the good
correlation between shunting and cardiac index that lesions
distributed to other sites of the body might have the same
degree of shunting, or the major component of shunting might
take place within long bones.

CONCLUSION
The ratio of arteriovenous shunting was closely related to

cardiac index, suggesting that an increased shunting within
infiltration is related to high-output cardiac failure in patients
with multiple myeloma.
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