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Arteriovenous Shunts in Patients with Hepatic Tumors
S. Ho, W.Y. Lau, W.T. Leung, M. Chan, K.W. Chan, P.J. Johnson and A.K.C. Li
Departments of Surgery, Clinical Oncology, Diagnostic Radiology and Organ Imaging,
The Chinese University of Hong Kong, Prince of Wales Hospital, Shatin, New Territories, Hong Kong

The study aimed to investigate the influence of tumor type, tumor
size, tumor vascularity and treatment on arteriovenous shunts
between the liver and lungs in patients with hepatic cancer.
Methods: Our previousassessmentof the degrees of lungshunting
using intra-arterial ""Tc-macroaggregated albumin in 125 patients

with hepatocellular carcinoma (HCC) was extended to include 377
patients with HCC and 25 patients with colorectal liver mÃ©tastases.
Patients were given 111 MBq (3 mCi) of ""Tc-macroaggregated

albumin during hepatic angiography. The lungs and the liver were
localized as regions of interest on the digitized gamma scintigraphic
image. The total counts taken over the lungs divided by the total
counts taken over both the lungs and the liver gave the percentage
of lung shunting. Tumor size was measured by computerized
tomography or ultrasound scan. Tumor vascularity was assessed
based on the degree of neovascularization. Linear regression and
Wilcoxon rank test were used for statistical analysis. Results:
Patients with HCC had a higher median (7.6%) and a wider range
(<1-75.4%) of percentages of lung shunting when compared with
those with colorectal liver mÃ©tastases(median, 4.7%; range, <1-
23.9%). The lung shunting correlated with the tumor size in the 377
patients with HCC (r = 0.359; p < 0.0001). Excluding one outlier, we
found a similar correlation in 24 patients with colorectal mÃ©tastases
(r = 0.686; p < 0.0001). In HCC, the mean lung shunting increased
with increasing tumor size, up to 15 cm, and then remained almost
unchanged, up to a size of >20 cm. The mean lung shunting also
increased with increasing vascularity grades, as assessed by he
patic angiography. The difference between any two vascularity
grades was statistically significant (p = 0.0001-0.0148). Similar
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analysis by subgroups in colorectal liver mÃ©tastaseswas impossible
because of the small number of patients. Lung shunting decreased
in HCC patients after the tumors were treated, but it might increase
or decrease when the disease recurs. Conclusion: The lung shunt
ing was influenced by the type, size and vascularity of the hepatic
tumor. The change in lung shunting with the status of the tumor after
treatment further suggests a neoplastic nature of the blood vessels
involved in the arteriovenous shunt.

Key Words: lung shunting;factors; hepatic cancer
J NucÃMed 1997; 38:1201-1205

JVegional targeted treatments for hepatic cancer aim at expos
ing the tumor to a high local concentration of cytotoxic agents,
such as chemotherapeutic drugs or radioactive substances,
including I31l-Lipiodol or 90Y microspheres. Ideally, the agent

should be concentrated in the tumor or at least be confined to
within the liver. Shunting of part of the agent to neighboring
organs, such as the lungs and the gastroduodenum, reduces the
efficacy of the treatment and may cause damage to these organs
when a radioactive substance is used.

Technetium-99m-macroaggregated albumin (99mTc-MAA),
which has an average particular size close to that of 90Y

microspheres, has been widely used to assess the degree of
shunting into the pulmonary circulation in metastatic liver
rumors before treatment with 90Y microspheres (7-5). Patients

who have a high percentage of lung shunting and, thus, an
increased risk of radiation pneumonitis (6) should be excluded
from 90Y microsphere therapy.

Lung shunting, as assessed by 99mTc-MAA, in 125 patients

with hepatocellular carcinoma (HCC) has been analyzed and
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reported from our center ( 7). The study has now been extended
to include 377 patients with HCC and 25 patients with liver
mÃ©tastasesfrom colorectal cancer. A comparison between the
two types of tumors can thus be made. The increased number of
HCC patients allows a more detailed analysis of the lung
shunting in relation to tumor size and vascularity. Changes in
the lung shunting after treatment also provided additional
evidence of the nature of the blood vessels responsible for the
arteriovenous shunts.

MATERIALS AND METHODS
The study included 377 patients with HCC. There were 331 men,

aged 13-85 yr (mean Â±s.d. = 53.0 Â±12.2), and 46 women, aged
25-73 yr (mean Â±s.d. = 56.9 Â±13.5). The diagnosis of HCC was
made by either histology or evidence of a space-occupying lesion
in the liver upon radiological investigation in patients with serum
alpha-fetoprotein of 500 ng/ml or more. The other 25 patients with
colorectal cancer included in the study had liver metastasis only,
and the primary cancer had been resected completely. There were
13 men, aged 35-70 yr (mean Â±s.d. = 58.8 Â±11.2), and 12
women, aged 32-68 yr (mean Â±s.d. = 54.5 Â±12.9). All the
patients included in the study were being considered for selective
internal radiotherapy of their malignant hepatic rumor using 90Y

microspheres and, therefore, had not been put on any medications
that might significantly alter their arteriovenous shunts.

These patients underwent hepatic angiography (HAG) as part of
an assessment for treatment. HAG was performed using the
Seldinger technique. After the angiographie catheter had been
placed selectively in the hepatic artery, 111 MBq (3 mCi) of
99mTc-MAA (with 80% of the particles being 10-60 pm in size

and not greater than 150 /im in size; average size, 30 /im) were
injected through the catheter into the liver. The catheter was then
removed.

After hemostasis of the puncture site, the patient was transported
to the gamma camera suite, and scintigraphic images of the lungs,
liver and gastroduodenal regions were taken with an analog/digital
gamma camera. Regions of interest were carefully drawn around
the liver and lungs on the digitized images, and the percentage of
activities shunted into the pulmonary circulation was calculated as
the ratio of lung counts to total counts. Significant amounts of
activity in any other organs, such as the gastroduodenum, were also
considered.

Tumor sizes were measured by either computed tomography or
ultrasound. The vascularity of the tumor on HAG was assessed by
an interventional radiologist. Grading, on a scale from 0 (normal)
to 4 (extremely hypervascular), was based on the following criteria:

Grade 1: presence of mild tumor staining without an increase in
the number of vessels;

Grade 2: moderate tumor staining and an increased number of
vessels;

Grade 3: intense tumor staining and a marked increase in
number of vessels, which were also dilated and tortu
ous;

Grade 4: tumors having all the grade 3 characteristics together
with venous pooling.

The degree of lung shunting was compared between sexes and
correlated with the size and vascularity of the biggest tumor in the
patient. Statistical methods for analysis included linear regression
and the Wilcoxon rank test.

Patients with residual or recurrent diseases were reassessed for
suitability of retreatment with selective internal radiotherapy, and
the percentages of lung shunting were again measured after

TABLE 1
Lung Shunting as Determined by Technetium-99m-MAA

% lung
shuntingHCC<5.05.0-9.910.0-14.915.0-19.920.0-24.925.0-29.930.0-34.935.0-39.940.0-44.945.0-49.9aSO.OTotalColorectal

livermÃ©tastases<5.05.0-9.910.0-14.915.0-19.920.0-25.0TotalNo.

of patients
(%)126(33.4)103(27.3)43(11.4)26

(6.9)17(4.5)21

(5.6)14(3.7)11(2.9)3

(0.8)3
(0.8)10(2.7)377(100)13(52.0)7

(28.0)4(16.0)0

(0.0)1
(4.0)25(100)

infusion of 99mTc-MAAduring HAG. These values were compared

with the percentages before the initial treatment.

RESULTS

Comparison of Lung Shunting between Gender
The mean percentages of lung shunting for the 331 men and

the 46 women with HCC were 12.8% and 11.2%, respectively,
which were very similar, although the men showed a wider
range (0-75.4%) than the women (0-52.7%). Among the

patients with colorectal liver mÃ©tastases,the mean percentages
of lung shunting were similar for men and women (6.3% versus
7.1%, respectively), although in these patients, the women
showed a wider range (2.9-23.9%) than the men (0%-14.8%).

Variation of Lung Shunting in HCC and Liver MÃ©tastases
The degree of lung shunting was found to vary between

patients. The variation among the 377 patients with HCC was
more remarkable than in the 25 patients with liver mÃ©tastases
from colorectal cancer (mean Â±s.d. = 12.6% Â± 13.3% for
HCC and 6.7% Â±5.4% for liver mÃ©tastases). In the HCC
patients, the percentage of lung shunting ranged from less than
1% to 75.4%, with a median of 7.6%. The range for the 25 cases
of liver mÃ©tastaseswas from less than 1% to 23.9%, and the
median was 4.7%.

Table 1 illustrates the subdivision of the patients according to
the degree of lung shunting. As can be seen, the percentages of
lung shunting were generally lower in liver mÃ©tastases,with
96% of the patients with values equal to or below 15%. On the
other hand, 27.9% of the HCC patients had lung shuntings of
15% or more.

Correlation between Lung Shuntings and Sizes of Tumor
Sizes of the biggest tumor from computerized tomography or

ultrasound scan in the 377 patients with HCC varied from
1.0-26.2 cm, with a median of 10.0 cm. Plotting of percentages
of lung shunting against the tumor sizes on logarithmic-linear
scales is illustrated in Figure 1. Percentages < 1 were taken as
1 for the purpose of analysis. There was a correlation between
percentages of lung shunting and tumor size in this study
(coefficient of linear regression r = 0.359; p < 0.0001).
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FIGURE 1. Correlation between lung shunting and tumor size in HCC.

The patients were stratified into subgroups according the
tumor sizes. The mean percentages of lung shunting in each
subgroup are shown in Table 2. This analysis was impossible in
our preliminary study (7) because the patient number was small
(n = 125).

There was an increase in the mean lung shunting with
increasing tumor sizes up to 15 cm, and then the mean lung
shunting remained almost unchanged, up to a size of >20 cm.
As the distribution of value was non-Gaussian, the Wilcoxon
rank test was used to compare the differences between the
subgroups and the p values are illustrated in Table 2. The
differences between the subgroups were statistically significant,
except between the three subgroups C, D and E, which have the
largest tumor sizes.

In the 25 patients with liver mÃ©tastases,the size of the biggest
tumor ranged from 1.5 cm to 17.0 cm, with a median of 7.6 cm.
A plot similar to that in Figure 1 for these patients is shown in
Figure 2. The lung shunting did not correlate with the tumor
size, taking all 25 patients into account (linear regression: r =
0.3326; p = 0.1043). However, excluding one outlier, we found

a fair correlation between the two parameters (linear regression:
r = 0.686; p < 0.0001). Due to the small number of patients,

analysis by stratifying into subgroups according to tumor sizes
was not performed.

Relationship between the Percentages of Lung Shunting
and the Tumor Vascularity Grades

The relationship between the percentages of lung shunting
and the tumor vascularity grades, as assessed by HAG for HCC
and liver mÃ©tastases,are illustrated in Figures 3 and 4, respec
tively. All except two patients with liver mÃ©tastases had
vascularity grades of 1 or 2, whereas the majority of HCC

TABLE 2
Relationship Between Lung Shunting and Tumor Size

SubgroupA*C*

DÂ»ETumor

size
(cm)>5,

Â£10
>10, Â£15
>15, Â£20

>20Lung

shunting(%)n69

131
122
48

6Mean5.7

9.2
17.7
18.2
18.0Range0.0-52.0

0.0-61.1
0.0-68.9
1.8-75.4
5.2-<36.7

*p = 0.0002 (vs. subgroup B), 0.0001 (vs. subgroup C), 0.0001 (vs.

subgroup D) and 0.0018 (vs. subgroup E).
tp = 0.0001 (vs. subgroup C), 0.0001 (vs. subgroup D) and 0.0298 (vs.

subgroup E).
*p = 0.9170 (vs. subgroup D) and 0.8172 (vs. subgroup E).
Â§p= 0.7768 (vs. subgroup E).

outilÂ« being excluded

f-0686
P<OOOOI

FIGURE 2. Correlation between lung shunting and tumor size in colorectal
liver mÃ©tastases.

patients had vascularity grades of 3 and 4. Thus, HCC are
generally more vascular than liver mÃ©tastases.

It is possible to analyze the difference between each vascu
larity grade in this study because of the larger number of
patients with HCC (n = 377). The mean values of the lung

shunting for each vascularity grade are shown in Table 3. The
single patient with grade 0 was excluded from analysis.

The mean lung shunting increased with increasing vascularity
grades, with a tremendous increase from grade 2 to grade 3 and
then to grade 4. The p values from Wilcoxon rank test indicate
that statistically significant differences exist between any two
vascularity grades.

In comparing the percentages of lung shunting of patients
with colorectal liver mÃ©tastaseshaving vascularity grades 1 and
2 with those having grades 3 and 4 using the same statistical
test, a p value of 0.057 was obtained. However, this comparison
might not be valid because there were only two patients who
had vascularity grades 3 and 4.

Change in Lung Shunting after Treatment
Patients with residual or recurrent HCC after various types of

treatment were reassessed with 99mTc-MAA, given through

HAG, for suitability of retreatment with selective internal
radiotherapy. Comparison of the lung shunting before and after
the initial treatment is shown in Table 4. Patients 1-9, with

recurrent disease that appeared as new lesions, showed both
increases and decreases in lung shunting. The lung shunting
associated with the new tumors due to recurrence was usually
higher than that before the initial treatment (in Patients 1, 3 and
6-9), unless the new lesion was significantly smaller than the
original tumor (in Patients 2,4 and 5). The tremendous increase
in the lung shunting in Patient 1 had prevented him from being
retreated with selective internal radiotherapy because of the

FIGURE 3. Scatter diagram plotting lung shunting against tumor vascularity
in HCC.
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FIGURE 4. Scatter diagram plotting lung shunting against tumor vascularity
in colorectal liver mÃ©tastases.

high risk of radiation pneumonitis (6). On the other hand, all
patients with residual tumors after selective internal radiother
apy showed a decrease in lung shunting.

DISCUSSION
Both HCC and colorectal liver mÃ©tastasesare usually more

vascular than the normal liver parenchyma due to neovascular-
ization (#). Technetium-99m-MAA particles are expected to be
caught within the capillaries of the tumor or the normal liver
because of their size, and few particles can pass through if there
is no arteriovenous shunting. However, arteriovenous shunting
is well-known to exist in HCC (9) and colorectal liver mÃ©tas
tases (2). The shunted 99mTc-MAA go through these abnormal

vascular channels into extrahepatic organs. The lungs, being
first-pass organs with similar capillary structures, hold up the
shunted ""Tc-MAA. Little MAA shunts to other organs

because the capillary bed in the lungs stops any further systemic
shunt. Our observation that there was no significant extrahe
patic spread of 99mTc-MAA except in the lungs supports this

theory. Thus, measuring the degree of lung shunting reflects the
degree of arteriovenous shunting in the liver tumors.

Hepatic arterial perfusion scintigraphy using 99mTc-MAA has

been used by other workers to assess the shunting of regional
chemotherapy for liver mÃ©tastasesinto the pulmonary circula
tion (2,10). The percentage of lung shunting was found to be
between 6% and 26% (mean, 12.3%) in a series of 20 patients
(2) and between 0.4% and 32% (mean, 6.2%) in another series
of 67 patients (70). These ranges are very close to that of our 25
patients with liver mÃ©tastases. A much wider range (<1-
67.2%) of pulmonary shunting, observed in 125 patients with
HCC, has previously been reported by us (7). The median value
for HCC was also higher than that of liver mÃ©tastases.With 377
HCC patients in this study, the range has become even wider
(< 1-75.4%). Zeissman et al. (70) found that 49% of their

TABLE 3
Comparison of Lung Shunting between Different Vascularity

Grades in Patients with HCC

Vascularity
grader2f

3Â»

4Lung

shunting(%)n55

108
146
67Mean5.1

6.9
14.7
23.8Range0.0-36.7

0.0-49.9
1.0-66.3
1.0-75.4

*p = 0.0148 (vs. grade 2), 0.0001 (vs. grade 3) and 0.0001 (vs. grade 4).

fp = 0.0001 (vs. grade 3) and 0.0001 (vs. grade 4).
*p = 0.0001 (vs. grade 4).

patients with metastatic tumors had a percentage equal to or
greater than 5%. In our series of 25 patients with liver
mÃ©tastases,48% of them had a lung shunting of 5% or more.
The results of the two studies are therefore very close. Signif
icantly higher percentage (66.6%) of HCC patients showed lung
shunting equal to or greater than 5%, suggesting that HCC has
higher lung shunting than liver mÃ©tastases.Gray et al. (77)
recommend lung shunting of below 15% as the safe limit for
selective internal radiotherapy. Using lung shunting below 15%
as the only entry criteria, 27.9% of HCC patients have to be
excluded from selective internal radiation therapy, as compared
to only 4% of patients with liver mÃ©tastases.

Using the partition model for estimating radiation doses from
90Y microspheres in treating hepatic tumors (72), we can

actually predict the radiation dose to the lungs from a certain
activity of 90Y microspheres infused into the liver. Based on the

experience of whole-lung irradiation using external beams (73),
an estimated radiation dose of less than 20 Gy to the lungs,
rather than a lung shunting below 15%, is a more scientific way
to use as an entry criteria to selective internal radiotherapy
using 90Y-microspheres. This is because the activity required to

treat the hepatic cancer in different patients varies according to
the size of tumor and tumor-to-normal uptake ratio of the
radiopharmaceutical (72).

Our previous study ( 7) demonstrated that significant differ
ences in lung shunting were found between different vascularity
grades but not with tumor size. With the increased number of
patients, the degrees of arteriovenous shunting to the lungs were
shown to be influenced by both the vascularity of the tumors
and the tumor size up to a certain size. The pattern of blood flow
through the tumor seemed to be one of the determining factors
of pulmonary shunting. This may be because tumors, which are
vascular and rich in blood supply, usually have more arterio
venous shunts and a resultant increase in the percentages of
lung shunting. The generally lower percentages of lung shunt
ing observed in colorectal liver mÃ©tastasesis consistent with
their lower vascularity. The increase in lung shunting with an
increase in tumor size, up to 15 cm, is probably due to the
increase in arteriovenous shunts as the tumor grows. As central
necrosis frequently occurs when the tumor grows to beyond
15 cm, the degree of lung shunting becomes almost constant.

A strong association between lung shunting and the charac
teristics of HCC present in an individual patient is evident from
the comparison between the percentages of lung shunting
before the initial treatment with that after the detection of
residual or recurrent disease. A tumor which has been treated by
selective internal radiotherapy is smaller than the original
tumor. It is also less vascular because of embolization by the
90Y microspheres and the necrotic and fibrotic effects caused by

radiation. The decrease in vascularity explains the observed
lowering lung shunting associated with residual tumors. On the
other hand, recurrence, which appeared as new lesions, might
show tumors with completely different sizes and vascularities.

Previous observations of the lack of effect of angiotensin II
on lung shunting (7,14) suggest a neoplastic nature of the blood
vessels responsible for the shunt. This is further supported by
the drastic decrease in lung shunting after the removal of tumors
(7). Our present finding of a change of lung shunting associated
with the status of the rumors provided additional evidence of the
neoplastic nature of the blood vessels in the shunt.

Increased lung shunting found with increasing tumor size
poses a great challenge to selective internal radiotherapy for
hepatic cancer using Â°Ymicrospheres. It is large tumors that

are more often nonresectable and require palliation by selective
internal radiotherapy. Partial hepatic embolization has been
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TABLE 4
Lung Shunting (%) before Treatment and in the Presence of Residual or Recurrent HCC

Patient
no.1234567891011121314151617181920Beforetreatment4.15.61.07.111.33.87.74.02.311.411.86.65.22.24.94.06.26.27.76.4With

residual or
recurrentHCC63.34.54.03.03.08.318.19.16.97.33.8<1<11.5<12.2<12.01.7<1Change*+59.2-1.1+3.0-4.1-8.3+4.5+

10.4+5.1+4.6-4.1-8.0-6.6-5.2-0.7-4.9-1.8-6.2-4.2-6.2-6.4RemarksRecurrence

(8 cm) after resection of a 4-cmtumorRecurrence
(1 cm) after resection of a 2-cmtumorRecurrence
(5 cm) after resection of a 7-cmtumorRecurrence
(1 cm) after resection of a 9-cmtumorRecurrence
(0.8 cm) after resection of a 12-cmtumorRecurrence

postTACERecurrence
(new lesion) after selective internalradiotherapyRecurrence
(new lesion) after selective internalradiotherapyRecurrence
(new lesion) after selective internalradiotherapyResidual

disease after selective internalradiotherapyResidual
disease after selective internalradiotherapyResidual
disease after selective internalradiotherapyResidual
disease after selective internalradiotherapyResidual
disease after selective internalradiotherapyResidual
disease after selective internalradiotherapyResidual
disease after selective internalradiotherapyResidual
disease after selective internalradiotherapyResidual
disease after selective internalradiotherapyResidual
disease after selective internalradiotherapyResidual
disease after selective internal radiotherapy

*<1 taken as 0 in calculations.

TACE = transarterial chemoembolization.

attempted to reduced lung shunting, but the results were
unsatisfactory (6). Active searching for better methods is
required.

Meanwhile, with the knowledge that lung shunting decreases
when a treated tumor becomes smaller or less vascular, a
possible strategy is to treat tumor associated with a high lung
shunting using a nonradioactive protocol, such as cytoreductive
surgery (/5) or chemoembolization. After surgical removal of
the main bulk of the tumor or when a response to chemoem
bolization is obtained, the lung shunting can be reassessed using
99mTc-MAA. If the estimated lung dose from the selective

internal radiotherapy to be contemplated lies within the safety
limit, the treatment can then be given.

CONCLUSION
This extended study showed that the variation in the degree

of arteriovenous shunting between lungs and liver is more
remarkable in HCC than in colorectal liver mÃ©tastases.The lung
shunting does not depend on sex, but it correlates with tumor
size and tumor vascularity. It also changes when the tumor is
treated or the disease recurs. Effective methods are needed to
reduce the high lung shunting that more frequently associates
with larger and more vascular tumors.
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