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A prospective study was performed on 14 patients with histolog-
ically proven focal nodular hyperplasia (FNH) using a hepatobil-
iary scan with trimethylbromoimino-diacetic acid (TBIDA) and a
colloid scan with rhenium sulfur colioids. TBIDA uptake was
relatively normal in the region of the tumor, but during the clear-
ance phase 23/25 of the tumors were detected by a hot spot of
radioactivity. Depending on the relative contrast achieved be-
tween the tumor and normal liver, this hot spot appeared earty or
later, but was always present at 60 min. In three tumors, a
“doughnut” pattem was observed within the hot spot due to a
central defect. Hypervascularization was observed during the
perfusion phase in 76% of the tumoral sites and normal colloid
uptake in only 64%. The detectability of FNH appears greater
with TBIDA (92%) than with CT or MRI (84%). The high preva-
lence of hot spots may be due to careful technological conditions
when obtaining hepatobiliary scans. Late images, overexposed
films, multiple views and stimulation of gallbladder excretion
increased tumor detectability. The hot spot sign may be a useful
tool when combined with the results of other imaging modalities
in the diagnosis of FNH. The peculiar pathology of FNH with
fibrosis, hyperplastic hepatocytes and cholangiolar proliferation
might explain this scintigraphic appearance.
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Focal nodular hyperplasia (FNH) is a benign tumor of
the liver with an innocuous natural history. It is character-
ized pathologically by a cholangiolar proliferation associ-
ated with hyperplastic hepatocytes, blood vessels and fi-
brosis (/). FNH has been studied by various imaging
techniques, i.e., ultrasonography (US), computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) (2,3).

Nuclear medicine tracers, including colloids and hepa-
tobiliary agents, have been proposed for several years as
an aid to diagnosis. Tanasescu et al. have described a
characteristic triad in FNH: associated hypervasculariza-
tion, normal uptake of colloids and accumulation of hepa-
tobiliary tracer (¢). However, the prevalence of this triad
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has not been defined in a large series of pathologically
proven FNH. Moreover, a large number of cases of FNH
with increased (5-10) or decreased (5,6,10-11) colloid up-
take have indeed been reported. Among the few published
cases of FNH studied with hepatobiliary tracers, some
exhibited a decreased (12) or normal accumulation of the
tracer (13). A complete analysis of the results is difficult
because of the different technical conditions that have been
used. These discrepancies led us to study a homogeneous
series of 14 patients with 25 pathologically proven FNH
tumors using hepatobiliary and colloid tracers in standard-
ized technical conditions.

MATERIAL AND METHODS

The study was conducted from January 1990 to June 1992 and
included 14 patients with FNH. All were women (age 22 to 49 yr)
who had used oral contraceptives. Nine were asymptomatic. Five
presented with pain in the right hypochondrium. Three had a
palpable left liver lobe tumor. No patient had cholestasis, as
judged on a normal level of alcalin phosphatases. All patients were
referred to surgery. Twenty-five tumoral sites were found (Table
1). Six patients had multiple tumoral sites.

All tumors were diagnosed as FNH. Pathological examinations
were made on resected specimens (15 tumors) or surgical biopsies
(10 tumors). The resected tumors were well circumscribed but
uncapsulated. A central stellate scar was observed in most cases,
with radiating fibrous septa dividing the lesion into nodules. His-
tological examination of the resection specimens and/or of the
biopsies showed that: (1) the central scar contained one or more
arteries; (2) the cholangiolar proliferation was marked within and
at the periphery of the fibrous septa; (3) these septa separated
hyperplastic nodules from normal appearing hepatocytes.
Changes suggesting tumoral compression have systematically
been searched in the nontumoral liver at the vicinity of the FNH
on the 15 resected tumors. These changes consisted of sinusoidal
dilatation and/or cholangiolar proliferation associated with mild
polymorphous inflammatory infiltration of the small portal tracts
as previously described (14). Among the 15 resected tumors, 4
presented no compression signs, 8 presented a discrete sinusoidal
dilatation, 1 presented a discrete sinusoidal dilatation and a dis-
crete cholangiolar proliferation of the portal spaces and 2 tumors
were enucleated without normal liver at the periphery.

Preoperative examinations performed on all patients included
radionuclide scans and other imaging modalities (US, CT and MRI).

Two radionuclide scans were performed on every patient
within a 48-hr interval. First, a hepatobiliary scan with trimethyl
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TABLE 1
Size, Location and Imaging Characteristics of FNH Tumors

TBIDA scan
Time of Discrete
Patient Tumor size (cm) and detectability Colloid scan sinusoidal
no. location* Hypervascularity (min) (activity) ust CcT MRPF dilatation**
1 (1o m present 22 Hypo Iso + + absent
2 (5) IV present 27 Hypo Iso - + present
3 4.5 Vi present 35 Iso Hyper + + present
(1.5) I absent 18 Iso nd nd nd present
4 (8) VI, VI, Vill present 30-D Hypo Hypo + + B
5 @m present 30 Hypo Iso + + present
(VL% absent nd Iso Iso + + B
6 (5 1, v present 50 Hypo Iso + + B
7 5) vii absent 30-D Iso-D Hyper + + B
@V absent 25 Iso nd - + present
(10) LL present 20 Iso Iso + + present
8 (CRAY present 38 Iso Hyper - - B
@ v present 38 Iso nd - + E
(1) vl absent 40 Iso nd nd nd B
101 present 38 Iso Hyper + - B
9 5 v present 33 Iso Iso - + B
@V present nd Iso nd nd nd E
10 (5) m present 35 Hypo Hypo + + absent
1 @wm present 28 Iso Hypo + - absent
12 (3) vini present 33 Hypo Iso + + B
(1.5 wvi absent 60 Iso Hypo - + present
Gn present 27 Hypo nd nd nd present
@m present 27 Iso Iso + + present
13 @ m present 30-D Iso-D Iso + + absent
14 4) v present 30 Hypo Hypo + + B

*Hepatic segments involved by the tumor; nd = not detected; LL = left lobe.
TUS: echogenicity. *CT and *MRI: (+) criteria for FNH are present; (—) 1 or more criteria are missing.
**At the vicinity of the tumor; E = tumors enucleated without normal liver parenchyma; D = doughnut pattern observed; B = FNH diagnosis

performed only on surgical biopsies.

bromo-imino-diacetic acid (TBIDA) labeled with ®™Tc and sec-
ond, a scan with rhenium colloid labeled with *™Tc. The hepa-
tobiliary scan was obtained immediately after bolus intravenous
injection of 180 MBq *™Tc-TBIDA (TCK22, Oris, France). The
patient laid supine and images were obtained with a large field of
view gamma camera equipped with a low-energy, all-purpose
collimator and linked to a minicomputer (Sopha Medical—Simis
System, France). A dynamic series of analog and digital images
(20 one-second images and 60 two-second images) were first ac-
quired in the anterior view. This dynamic series was followed by
static 100-sec analog and digital images obtained for 1 hr in the
same view. Posterior, left anterior oblique, right anterior oblique
and right lateral 100-sec images were then obtained. Four hours
later, anterior and posterior images were repeated with additional
views if required. A minimum number of 1000 kcts per scan was
achieved. Scans were displayed on 3M film (CRT 7, Trimatic 100
NIF, 8 x 10 in). Overexposed views were taken if necessary to
better visualize tumors not seen on standard exposures. Thirteen
patients ingested a standard fat meal 1 hr after the injection of
TBIDA in order to increase biliary pressure.

Colloid liver scanning was performed 48 hr later using 180 MBq
of ®™Tc-rhenium sulfur colloid (TCK1, Oris, France). Anterior,
posterior, oblique and lateral 800 kcts views were obtained 15 min
after injection. These scans were obtained and read without
knowledge of the other preoperative imaging modalities.
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In all cases, adjacent axial CT scans 8 or 10 mm thick were
obtained before and after intravenous administration of contrast
medium in the plane of the lesion. The diagnosis of FNH by CT
scans was made with classically used criteria, i.e., arterial en-
hancement, central stellate and hypodense areas.

MRI was performed with a 1.5 T magnet (Magnetom SP 63;
Siemens) using a TurboFLASH (fast low-angle shot) sequence
combined with bolus administration of gadolinium tetraazacy-
clododecanetetraacetic acid (DOTA), spin-echo T2-weighted se-
quences and postcontrast T1-weighted sequences according to a
previously published protocol (2). The criteria used for diagnosis of
FNH with MRI were: hyperintense central stellate area on T2-
weighted images; hypointense central stellate area on unenhanced
T1-weighted images; arterial enhancement; and accumulation of
contrast agent within the central area on delayed T1-weighted im-
ages (2). Changes suggesting tumoral compression or edema have
systematically been searched in the liver surrounding the tumor.

TBIDA kinetics in the tumor were compared to those of normal
liver. We computed the time-activity curves of the tumor and the
upper left or right liver lobe. From these fitted curves, the respec-
tive TBIDA excretion half-times were derived. For statistical
reasons, these parameters were only computed in patients with
large (>5 cm) and unique tumors sparing a large region of normal
liver. An index for estimating relative size of the tumor and the
liver was obtained as follows:
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FIGURE 1. Patient2. (a) MRI study; axial T1 weighted image obtained 4 min after injection of paramagnetic contrast agent: A 5-cm mass

is visible in the right lobe of the liver with a hyperintense central scar (arrow). (b) TBIDA angiography; 1-sec images. An early vascular activity
(arrow) is demonstrated in the right lobe of the liver over the renal vascular activity area (arrow head). (c) TBIDA scan at 10 min. The uptake

is rather homogeneous throughout the liver. (d) TBIDA scan at 35 min. A hot spot of hyperactivity appeared in the right lobe over the
galibladder (arrow). (e) Overexposed TBIDA scan at 60 min where the hot spot is obvious (arrow) but the normal liver has already cleared
the tracer. (f) Colloid liver scan. A defect is noted in the quadrate lobe (arrow). In the inferior part of the liver’s right lobe, a region of the

galibladder corresponds to a discrete hypoactivity area.

1. On MRI axial images, the maximum diameter of the liver RESULTS
and the maximum transverse diameter of the tumor were Hepatobiliary Scan

;ﬁ,ﬁz with a glide rule and a tumor-io-liver ratio was On the perfusion phase of the study, a focus of hyper-

2. On TBIDA anterior views, tumor-to-liver ratios were ob- aCtiVity was observed in 76% of the tumoral sites (Figs. 1
tained by measuring the maximum liver diameter on 10-min .and 2). Six tumors did not exhibit increased vascularization
films (15), and tumor diameter was obtained from 60-min  in the dynamic study (Table 1). Four of the tumors were
images. These measurements were always performed by small in diameter and one was larger (Table 1). Another
two observers (HB, MM). was located in the posterior part of a liver segment.

The obtained values were compared using the t-test for paired D@g the .ﬁrst .10 min, r.adioactiyity was relatively uni-
data. A least squares method was used for regression analysis. ~ form in the liver in all patients (Figs. 1-3). By contrast,

p—
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FIGURE 2. Patient 1. (a) TBIDA an-
giography; 1-sec images. An early vascu-

lar activity appears in the left lobe (arrow).
(b) TBIDA scan at 10 min; the uptake of

rd
; ' =5 the tracer is practically homogeneous in
the left and the right lobes. (c) TBIDA scan
at 30 min. The left lobe tumor appeared as
a hot spot of hyperactivity relatively to the

nommal liver (amow). (d) Overexposed

TBIDA scan at 60 min; a hot spot of activity
d J is observed in the region of the huge tumor
- (arrow).
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FIGURE 3. Patient 7. (a) MRI study. Ax-
ial T1-weighted image obtained 4 min after
injection of paramagnetic contrast agent.
Enhancement of a huge left liver lesion (10
cm) (arrow) is clearly visible with a hyperin-
tense scar (arrowhead) corresponding to ac-
cumulation of paramagnetic agent. A sec-
ond smaller lesion is also visible in the right
lobe (arrow). (b) TBIDA scan at 10 min. A

relatively homogeneous activity is noted in
the liver. (c) Overexposed TBIDA scan at 35
min. The three lesions of the liver are noted
as hot spots of hyperactivity in the left lobe
and in the right lobe relatively to the normal
liver (arrows). A doughnut pattern consti-
tuted by a rim of activity surrounding a focal
defect is observed in the left lobe (arrow-
head). (d) Overexposed TBIDA scan at 4 hr.
The three lesions are yet present as hot

spots of hyperactivity in left and right lobes
(arrows).

during the clearance phase, 23/25 tumors demonstrated
tracer retention, resulting in hyperactivity relative to the
normal liver. Fifty percent of the tumors were detectable
relatively early, during the first half-hour (Figs. 1 and 2).
Other tumors were detected later, up to 1 hr postinjection.

Overall tumor detectability was 92%. The tumor was
better defined with time as the normal liver cleared the
tracer. Thus, progressively increased contrast was observed
between the tumor and the liver. At 50-60 min, the tumor
appeared as an isolated hot spot of radioactivity (Figs. 1-3).
In three tumors, a ‘““doughnut” pattern was observed in the
radioactivity surrounding a focal defect (Fig. 3). Two tumors
did not exhibit this hot spot even on the 4-hr views; one of
them measured 1 cm in diameter and was located in the
quadrate lobe close to the gallbladder, while the other one
measured 2 cm in diameter and was located in segment V.
However, these tumors occurred in patients who had other
FNH lesions that exhibited high TBIDA uptake. Therefore,
in all patients having one or multiple FNH, a typical hot spot
was always observed in at least one tumor. In nine patients,
gallbladder excretion was completed after consuming the fat
meal used in this study. In four patients, increased radioac-
tivity was still observed in the gallbladder 4 hr later.

The mean excretion half-times from tumor and normal
liver presented in Table 2 showed that the excretion tumor
half-time is significantly longer than half-time excretion of
normal liver, which is in accordance with previous results
(15,16) (p < 0.01). Half-time values were not calculated in
one case because the patient moved during the examination.

Colloid Liver Scan

Sixty-four percent of the tumors exhibited normal up-
take and no increased uptake was observed. Thirty-six per-
cent of the tumors were detectable by the presence of a focal
defect. A doughnut pattern was observed in two tumors.
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US, CT and MRI

US, CT and MRI results are presented in Table 1. Typ-
ical features observed in FNH with MRI are shown in
Figures 1 and 3. No signs of edema or compression were
noted in normal liver close to the tumor with MRI. There
was no significant difference between the mean tumor-to-
liver ratios measured with MRI or TBIDA scanning. There
was a high correlation (r = 0.99) between these two esti-
mates (Fig. 4). Tumor detectability for these various tech-
niques is illustrated by Figure 5.

DISCUSSION

Our data show that tumors appear as foci of hypervas-
cularity in the perfusion phase followed by relatively nor-
mal uptake (initial 10 min) and as hot spots due to the
retention of hepatobiliary tracer during the clearance phase
on hepatobiliary scans. These findings suggest that liver
cells involved in FNH maintained their normal uptake
mechanisms but seem to have abnormal secretion and ex-

TABLE 2
Excretion Half-Life in Regions of Interest from Tumor and
Normal Liver
T2 tumor T.z URL O
Patient no (min) ULL (min)

1 42.79 1183
2 31.84 17.63
4 34.66 23.74
6 25.96 21.31
10 49.10 16.73
1 46.80 20.86
13 47.60 14.04

Mean + s.d 39.82 + 9.00 17.97 = 1.62

URL = upper right lobe; ULL = upper left lobe; T,, = excretion
half-life time in minutes.
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cretion functions (15,16). The majority of the hot spots
were detectable early in the clearance phase, whereas
others appeared up to 60 min later (Table 1). These differ-
ences in the range of appearance times for hot spots prob-
ably depend on the relative clearance times of the tumor
and the normal liver, thus resulting in different contrast
qualities (Table 2). This phenomenon appears to be inde-
pendent of tumor size (Table 1).

The hot spot is probably related to tumor function and
not to poor drainage of the normal liver. No patients pre-
sented with biological cholestasis. No signs of compression
or edema were detected on MR images in the surrounding
tissue. Pathological examination revealed no evident signs
of compression. Moreover, tumor-to-liver ratios measured
with TBIDA on the basis of hot spots correlated with
measurements made on MR images (Fig. 4).

Results from a previously published report (15) of eight
cases with pathologically proven FNH studied with vari-
ous hepatobiliary tracers in the same class of iminodiacetic
acid organic anions (15), such as diethyl-IDA (DIIDA),
pbutyl-IDA (PBIDA) and diisopropyl-IDA (DISIDA), are
conflicting. In six of these cases, the pattern of hyperac-
tivity was the same as in our series. A hot spot was found
in three patients studied with DISIDA (4, 17), in one patient
with PBIDA (18) and two patients with DIIDA (12). In
contrast, normal uptake was noted in one patient studied
with DIIDA (13) and a focal defect was found in the region
of the tumor in one patient studied with DIIDA (12). These
differences may be related to: different behaviors of each
tracer with regard to structural variances of the liver, dif-
ferent excretion half-times and to tumor pathology, or to
different technical conditions during imaging.

A high proportion of fibrous components in some tumors
could, for instance, explain a focal defect. Indeed the case of
hypoactivity reported by Biersack (I2) 20 and 60 min after
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FIGURE 4. Correlation between the tumor-to-liver ratio percent-
ages obtained on TBIDA and MRI.

Hot Spot Hepatobiliary Scan ¢ Boulahdour et al.

100 ~

80 -

60 -

40

DETECTABILITY (%)

20

0 4
US CT MRl TBIDA Cs

FIGURE 5. Percentage of detectability for the various imaging
techniques (CS = colloid scan).

injection showed a huge tumor presenting as an atypical
angiographic pattern composed of hypovascularized and hy-
pervascularized regions. Twenty minutes after injection, the
hypovascularized region, which could correspond to fibrous
tissue, exhibited decreased uptake of DIIDA, while tracer
was still present in the hypervascularized region. Sixty min-
utes after injection, the foci of residual activity could be
individualized in the tumoral region, while normal liver had
already cleared the tracer. Such a fibrotic effect, which con-
tains few or no bile ducts, on induction of hypoactivity could
probably explain the doughnut pattern observed in our study.

Peterfy et al. reported normal uptake in a large telangiec-
tatic FNH (13). The tumor, which was imaged with DIIDA,
was located in close proximity to the gallbladder which dem-
onstrated dramatically increased activity with time.

The behavior of hepatobiliary tracers in FNH might be
explained by the peculiar histological characteristics of this
tumor. Our results show that hypervascularity is demon-
strated during the blood transport phase in accordance
with radiological findings (2,12). The uptake phase is rela-
tively normal, indicating that FNH hepatocytes do not
have any difficulty in concentrating IDA agents (15,16).
The fact that FNH tissues become increasingly visible at
later times, especially at 60 min, clearly demonstrates that
the hepatocytes or the bile canaliculi draining these hepa-
tocytes are at fault, hence the slow clearance of IDA from
the nodule. Tumor excretion half-times are longer when
compared to normal liver tissue (Table 2), thus confirming
the slower clearance of IDA (12,15-17).

In the present study, the TBIDA scan failed to detect
two FNH lesions. In one patient, the tumor was in the
quadrate lobe in the region of the gallbladder. Because no
gallbladder response was observed after consumption of a
fatty meal, the tumor could have been masked by gallblad-
der hyperactivity. In the second negative case, the tumor
size was small (2 cm in diameter) and the tumor was located
in the center of the segment. For practical reasons, we did
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not take overexposed views, but the tumor was not detect-
able on the digital images in spite of contrast enhancement.

In our study, the presence of a hot spot after imaging
with hepatobiliary tracers occurs more frequently in FNH.
This high prevalence can be explained by the functional
properties of TBIDA, which has the highest clearance
among hepatobiliary tumors and increases the contrast be-
tween retention zones and normal liver (15,16), and by
improvements in detectability due to technical conditions.
Late images and overexposed views are necessary for the
detection of tumors with faintly retained activity. Multiple
views are particularly useful. Gallbladder excretion must
be stimulated to allow assessment of segments near this
organ. Although we used a fatty meal in this study, we now
use cholekinetic agents which produce faster excretion.
Digital frame processing would probably help in image
analysis when overexposed films are inconclusive, thus
allowing for gallbladder subtraction or intestinal activity.

Of the triad of elements suggested by Tanasescu et al.,
i.e., hypervascularization, normal colloid uptake and he-
patobiliary tracer retention, tracer retention on hepatobil-
iary scan was the most frequent sign.

Hypervascularization is undetectable in small tumors
and may be masked by aortic, coeliac and renal vascular
activities or missed by the use of anterior views in posterior
liver tumor (Table 1, Patient 7).

The results obtained in our series with colloid scans are
in accordance with previous series (Table 1). There are 67
reported cases of FNH studied with sulfur colloid in the
literature. Ten scans with increased uptake (5-10) and 33
with normal uptake were indeed observed in the tumor
(5,6,10,19), but 24 scans showed a focal defect (5,6,10,11).
The presence of a focal defect or normal uptake depends
on the size and the number of Kupffer cells present in the
lesion (20). The existence of large amounts of fibrotic cells
might also explain the focal defects. However, the reason
for increased uptake has not been clearly explained. In our
study, hepatobiliary tracer retention was observed in 92%
of FNH. In contrast, MRI and CT scans showed only an
84% detectability (Fig. 5).

However, the specificity of the hot spot was not deter-
mined in this study. Such hot spots have been described
mainly in FNH and hepatocellularcarcinoma (21,22). It
must be stressed, however, that such carcinomas occur in
completely different diagnostic circumstances. Belfer et al.
reported one case of liver adenoma with a hot spot (23),
but there is not enough histopathological documentation to
prove that this was a true case of liver cell adenoma.

A large prospective study would be necessary to precisely
define the diagnostic value of the pattern of hepatobiliary
tracer distribution we have observed in FNH. Obviously,
such a study should include other types of tumors such as
liver adenomas. Since liver adenoma is now infrequently
encountered (possibly due to low dosage of estrogens in
contraceptive pills), such a study should be multicentric.
Nevertheless, from our data and those from the literature,
hepatobiliary scans that demonstrate hot spots in the region
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of the tumor, seem to be an useful tool when combined with
other imaging techniques in the diagnosis of FNH.
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