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We studiedI 15 healthyadultvolunteers,fastIngovernight,to establishthe nor
mal scintigraphicvariabIlity. Five Tc-99m IDA agents with liver excretion half
times rangingfrom 18 to 108 mm were used.The time of appearanceof the corn
mon bile duct correlateddirectlywith the liver'sexcretionhalf-time.The appear
ance of the gallbladderand the small intestinewere independentof the excretIon
half-time and showed a reciprocal relationshipsuggestInga major role for the
sphincterof Oddi.In 22% of the subjects,the sphinctertonuswas tightenoughto
divert all of the hepatlc bile intothe gallbladder,allowingnoneintothe intestine.
All of suchsubjectsshowednormaldynamicresponseto intravenouscholecystok
mm.The patternof the bile drainagefromthe two lobesdiffered,resultingin asym
metry of the right and left hepatic ducts. it is concluded that the selection of a Ic
99m IDA agent shouldbe based on the clinical problemat handand that a dm1-
clan's understandingof the scintigraphicvariability in normalsubjectsis critical
beforeaftemptingdiagnosis.
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Hepatobiliary imaging with Tc-99m-labeled imino
diacetic acid (IDA) analogs is now a well-established test

in the diagnosis ofacute cholecystitis (1â€”3).Other areas

of application of these agents include quantitative biliary
dynamics (4), differential diagnosis of jaundice (5),

segmental intrahepatic obstruction, and a variety of

other biliary and nonbiliary disorders (6â€”I1).
Despite the availability ofTc-99m IDA agents since

1975, normal variations in biliary imaging parameters
have not been established in a large number of normal
subjects studied under a uniform protocol. For example,
it is not clear how much importance should be given to
the early appearance (within 30 mm) of the gallbladder
and the common bile duct (CBD) and the late appear
ance (60 mm) of the intestinal activity. Does this mean
partial CBD obstruction, or spasm of the sphincter of

Oddi? Tc-99m IDA agents clear from the liver at vary
ing rates, with excretion half-times ranging from 18 to
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108 mm (12â€”14).Do the appearance times for the
gallbladder, common bile duct, or the intestine depend
upon either the rapidity of excretion ofTc-99m agent by
the liver, or the tonus of the sphincter of Oddi, or both?
What is the importance of the nonappearance of the
intrahepatic segmental and area bile ducts? The diag
nosis of obstruction of these ducts (9â€”11) requires the
full knowledge of the normal pattern of bile flow and
extremes of variation. The accuracy of confirmation of
the diagnosis of acute cholecystitis by imaging is clearly
established (1 ,2), but the importance of exclusion of the
diagnosis is not fully appreciated. The current project
was undertaken to answer the above questions, and we
report the results.

MATERIAL AND METHODS

Subject selection. A total of 1 15 healthy adult volun

teers (64 men, 51 women), ranging in the age from 22
yr to 54 yr (mean age 38), was chosen from the general
population. The status of their good health was con
firmed by obtaining normal liver function tests (total
protein, albumin, alkaline phosphatase, bilirubin, lactic
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and posterior halves of the right lobe of the liver were
compared on the right lateral view to check for any dif
ference in bile flow. The entry of radioactivity from the
GB into the SI was confirmed on images in all 22
subjects who received OP-CCK.

RESULTS

All ofthe 115 GBs and CBDs, but only 93 (80%) SIs
were seen within 60 mm. In the remaining 22 subjects,
the SI was seen promptly after OP-CCK infusion (Table
2), and in all of them the gallbladder was seen within 30
mm and in 19 within 20 mm. The left hepatic duct
(LHD) was more prominent in 63 (55%), the right he
patic duct (RHD) in I 5 ( 13%), and the two showed equal

prominence in 12 (10%). In 25 subjects (22%), neither
duct was seen (Table 3), but in all of these the SI ap
peared within'30 mm. Nonvisualization of ducts oc
curred with all five agents, mostly in association with
early intestinal activity. In 93 subjects the GB and SI
were seen within 60 mm, and in 55 of these both ap
peared within 30 mm. In the remaining 38 subjects a
reciprocal relationship wasnoted (Fig. 2). The GB ap
pearance after 30 mm was accompanied by an early SI

appearance, and vice versa. In all nine subjects whose GB
appeared after 30 mm, the SI was seen within 25 mm.
Likewise, in all 29 subjects whose SI was seen after 30

mm, the GB was seen within 25 mm. About 50% of the
GBs were seen within 15 mm, 90% within 30 mm, and
100% within 55 mm (Fig. 3). The mean length of the
common duct from the junction of RHD and LHD to its
termination in the duodenum was 6.6 Â±1.3 cm.

The emptying of the gallbladder was normal following
OP-CCK infusion. There was no difference between the
anterior and posterior halves of the right lobe (right
lateral view), suggesting equal rates of bile flow. There

dehydrogenase, and transaminase) and urinalysis. An

ultrasound study confirmed normal anatomy ofthe liver
and gallbladder. The subjects were taking no medica
tion.

Data collection. After an overnight fast, each subject

received 2â€”5mCi (74- 185 MBq) of one of five Tc-99m
IDA agents intravenously while lying supine under a
gamma camera fitted with low-energy, all-purpose, par
allel-hole collimator. Di-isopropyl IDA (DISIDA) was
used in 29 cases, dimethyl (HIDA) in 59, diethyl
(EIDA) in nine, parabutyl (PBIDA) in six, and para
isopropyl (PIPIDA) in 12 subjects (Table 1). The
spectrometer was set for 140 keV with a 20% window.
The analog images were obtained at 2-mm intervals for
60 mm and recorded on either Polaroid or 8- by 10-in.
x-ray film (Fig. 1, upper left). The data were simulta
neously collected in 64- X 64-computer matrix at 1

frame/mm for 60 mm, which allowed determination of
the liver's excretion half-time by a nonlinear least
squares method (12,14). A 2.5-cm radioactive reference
marker was included with the image between 58â€”60mm.
Finally a right lateral view of the liver was obtained for
2 mm. In those subjects whose intestinal radioactivity
did not appear by 60 mm, imaging was continued for an
additional 30 mm with an infusion at 70 mm of 5 to 10
ng/kg octapeptide of cholecytokinin (OP-CCK).

Data analysis. The times of appearance of the gall
bladder (GB), small intestine (SI), and the common bile
duct (CBD) were noted from the serial analog images.
The right and left hepatic ducts were compared as to
their relative prominence. The length of the common

duct from the union of the right and left hepatic duct to
its termination at the duodenum was measured using the
2.5-cm reference marker. The liver was divided into
physiological right and left lobes, based on the formation
and course of this common duct (Fig. 1). The anterior

TABLE 1. UVER EXCRETiON HALF-TIME AND TIMES OF APPEARANCE OF CBD, GB, AND
IITESTINE 11 115 NORMAL SUBJECTSWITH FIVE Tc-99m @AAGENTS (MEAN Â±n.e., AND RANGE)

9.6Â±0.7 14.2Â±2.2 22.1Â±2.4DISIDA(n = 29)
(6â€”50)

15.5 Â±1.1
(12â€”20)

17.4Â±0.8
(8â€”34)

23.7Â±4.3
(10â€”60)

21.8Â±1.8
(16â€”28)

(6â€”50)
27.3Â±4.7

(12â€”50)
31.9 Â±1.9

(10â€”60)
32.8Â±4.8

(20â€”60)
30.5 Â±4.4
- (22â€”42)

EIDA(n = 9)

HIDA(n = 59)

PIPIDA(n = 12)

[107.6Â±14.1BIDA(n =6)

a Values within a bracket do not differ significantly, and those outside brackets differ from each other at p < 0.05. IDA agents:

DISIDA= di-isopropyl,EIDA diethyl,HIDA dimethyl,PIPIDAâ€”paralsopropyl,andBIDA parabutyl.
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r18.8Â±2.5
I 37.3Â± 11.8@]

L42.3Â±5.4
59.3Â±5.0]

(6â€”20)
13.8Â±1.2

(8â€”18)
14.4Â±0.6
- (6â€”28)

@6.0Â±1.0
(10â€”22)

25.3Â±2.2
â€” (18â€”32)
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Anterior View Right Lateral View
@ Right Lobe@ Left Lobe@@ Posterior@ Anterior

I - Gallbladder
2- CommonBile Duct
3- Common HepcthcDuct

4- Right HepaticDuct
5- Anterior Segment Duct
6-Anterxx SuperiorArea Duct
7-Anterior Inferior Area Duct
8 - Posterior Segment Duct
9- Posterior Superior Area Duct

10- PosteriorInferiorAreaDuct
II-LeftHepaticDuct
I2-MedialSegmentDuct
13- Medial InferiorArea Duct
14 - Medial SuperiorArea Duct

I5 - Lateral SegmentDuct
6 - Lateral Superior Area Duct
7 - Lateral Inferior Area Duct

IS - Falciform Ligament

Right Lobe
I .AnteriorSuperiorArea
2.Anterior Inferior Area
3. Posterior Superior Area
4.Posterior Inferior Area

Left Lobe
5.Medial Superior Area
6.Medial Inferior Area
7. Lateral Superior Area
8.Lateral Inferior Area

FIG. 1. Normalvariationsin patternof bile flow from rightand left lobes(upperleft). NoteLHDprominencewith clear separationof medial
and lateral-segmentducts in Subject A, and nonvisualizatmonof both RHDand LHD in Subject B, in whom most of bile enters intestine
quickly (laxsphincter).Diagramof divisionof liver physiologicallyintotwo lobes,tow segments,andeightareas(lower left).Theseregions
are drained by corresponding ducts (see lower right). Two posterior areas of right lobe are seen better In right lateral view. Diagram of
normal biliary anatomyon scintigraphy(lower right). Ductsare namedafter areas, segments,and lobesthey drain. Note that anatomical
lineofdemarcation(falciformligament,18)is to leftof physiologicaldivision(unionof RHDandLHDandcourseof commonhepaticduct),
and that medial segment duct (12) drains bile from area between these two demarcations.

was no statistically significant difference among the five
agents in the mean-time of appearance of the gallbladder

and the small intestine. The mean-time of appearance

of CBD, on the other hand,correlateddirectly (r = 0.99,
p <0.001) with the half-time of the agent's liver excre

tion (Table 1).

DISCUSSION

Divisionof liver.The division of the liver into right and
left lobes is based on either anatomical or physiological

markers. It is felt that the anatomical division (attach

ment of the falciform ligament) is convenient but does

not serve any useful purpose, since it follows no em
bryological separation (15). The physiological division,

on the other hand, is more meaningful since it followsthe
development and is marked by a deep lobar fissure pos

teriorly in line with the fossa for the gallbladder and fossa

for inferior vena cava (15). This information is essential

prior to or during biliary surgery (Fig. 1, upper left).

In 1953, Healey and Schroy made a detailed study of
I 00 adult human livers obtained at autopsy and named
the ducts according to a recommendation made by an
international nomenclature committee (15). This no

menclature is adopted in our discussion of the biliary

structures as they appear on Tc-99m IDA scinti

grams.
Biliary anatomy. For scintigraphic purposes, the liver

can be divided into two lobes, four segments, and eight
areas (Fig. I). The ducts are named corresponding to
areas, segments, and lobes, and they drain as shown in

Fig. 1 (lower right). Note that a part of the medial
segment of the physiological left lobe forms a part of the
â€œanatomicalâ€•right lobe. Caudate and quadrate lobes do

not appear as separate entities on scintigraphy. In 72%

of the subjects, the RHD and LHD are formed by the
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FiG.2. RelatIonbetweenappearancetimesof gallbladderandsmall
Intestine.Notethat in mostst@jectsbothappea within30 mm(lower
left square).In all nine subjectswhosegallbladdersappearedafter
30 mm, SI was seen within 25 mm(lower rI@itrectangle),and in all
28 subjectswhoseSIappearedafter30 mm,GBwasseenwithin
25 mm(upperleft rectangle).

union of their respective segmental ducts. The posterior
and anterior segment ducts of the right lobe join the
LHD in 22% and 6% of the subjects, respectively
(15).

Infra- and extrahepatic ducts. The terminal portions
of both RHD and LHD, and the entire course of the
common hepatic duct and common bile duct, are ex
trahepatic in location, despite the opposite impression
by scintigram (Fig. 1). This is because the inferior liver
border extends anterior to these structures. Proximal
RHD and LHD and the rest of the segmental and area
ducts are intrahepatic. The terminal part of RHD and
LHD join to form the common hepatic duct about 0.5
to 1 cm away from the deep fissure over the posterior
surface of the liver. The common hepatic duct is â€˜-â€˜..â€˜3cm

long and the common bile duct â€˜@â€”5cm, for a total of 8 cm
from the union of RHD and LHD to the ductal entry
into the duodenum (16). On our scintigrams this entire
length measured 6.6 Â±1.3 cm (mean Â±s.d.). The ducts
proximal to RHD and LHD are sometimes not seen on
scintigraphy (Fig. 1) and become prominent when there
is partial obstruction, with pooling of bile over the cor

responding area (9,1 1). Depending upon the location of

bile pooling, one may infer which area, segmental, or lobe
duct is involved, a situation like that in lung perfusion
studies where the lobes and segments are identified from

U,

0

2
z

FIG.3. Timeof appearanceof 115normalgailbiadderswithTc-99m
IDA.Notethat50% appearwithin15mm,80% within25mm,and
100% within60 mm.Appearancetime is shownon x-axisand
number of visible gallbladderson y-axis. Cumulative percent ap
pearance is shown at right.

the image pattern. Complete CBD obstruction of less
than 24 hr duration is characterized in experimental
animals by good hepatic uptake and excretion of Tc-99m
IDA, with clear gallbladder visualization. An obstruction
lasting more than 24 hr is characterized by nonvisuali
zation of the gallbladder and the extrahepatic ducts, with

a relatively good hepatic uptake (17).
Ductasymmetry.In ourstudy,theLHD prominence

was seen more often (55%) than the RHD (Table 3). The
reasons for the LHD prominence are not all known but
may include the following: (a) less photon attenuation
due to thin liver tissue overlying the LHD; (b) LHD
more anterior in position than RHD; (c) the posterior
or anterior segmental duct from the right lobe draining
bile into LHD instead of its usual RHD; (d) the undi
vided portion of the LHD is twice as long as RHD and
is more prone to tortuosity that impedes free bile flow
into the common hepatic duct (CHD). The RHD course
is shorter and more directly in line with CBD (15,18,19).
Since many types of drainage procedures are now
available for therapy (20,21), the detection of segmental
and area ductal obstruction noninvasively attains more
importance (10â€”11).

Sphincter role. The fractional hepatic bile flow after
an overnight fast is variable, depending upon the tonus
of sphincter of Oddi, with a mean of 70% into GB and
30% into SI (4). If the sphincter tonus is increased, all

TABLE 2. FREOUENCY OF VISUALIZATION OF
CBD, GALLBLADDERAND INTESTINE BY 60

mm IN 115 NORMAL SUBJECTS

No. (%)

VisuallzationofGBby60mln 115 100%
VlsualizationofCBDby6Omin 115 100%
Visualization of intestine by 60 mm 93 80%
Nonvisualizationof the intestineby60 mm 22 20%

TABLE 3. RELATIVE PROMINENCE OF RIGHT
AND LEFT HEPATIC DUCTS WITH Tc-99m

IDA IN 115 NORMAL SUBJECTS

No. (%)

Lefthepaticductprominence 63 55%
Right hepatic duct prominence 15 13%

Lefthepaticduct righthepaticduct 12 10%
Neither duct visualized 25 22%
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of the hepatic bile formed during fast may enter GB and
none into SI. This happened in 20% of our subjects
(Table 2). A reciprocal relationship between GB and SI
bile flow is evident when the GB appears within 30 mm

(suggesting increased sphincter tone) and the SI appears

beyond 30 mm (Fig. 2). No reciprocal relationship is seen
when both of them appear within 30 mm. Therefore,
nonvisualization of the SI at 60 mm usually indicates
increased sphincter tonus and does not necessarily mean
an anatomic abnormality. Dynamic studies with chole
cystokinin or fatty meal are needed to differentiate the
spasm and fixed anatomical lesions from a normally tight

sphincter (4). Unlike the GB and SI, the time of ap
pearance of CBD depends on the rapidity of excretion
ofTc-99m IDA from the liver; it appears early with an
agent that clears rapidly, and vice versa (Table 1).

A confirmatorytest documentingcysticduct ob
struction as a sign of acute cholecystitis requires imaging

up to 3-4 hr (1,2). On the other hand, the documentation
of patency of cystic duct can be accomplished much
sooner, usually within an hour (Fig. 3). Our results show
that 50% of the normal gallbladders will appear within
15 mm, 90% within 30 mm, and 100% within 55 mm. A
delayed GB appearance between I and 3 hr is a feature
ofchronic cholecystitis (1,2).

Advantages and disadvantages of fast and slow agents.
The rapidity of clearance of Tc-99m IDA agents from
the liver is dependent upon the integrity of the hepato
cytes, and the structural difference among agents plays

a role in determining how fast an agent is excreted from
the hepatocytes into bile (12). Once the agent is cleared
into bile, however, the flow of bile into the GB compared
with SI is controlled primarily by the tonus of the
sphincter of Oddi and the concentrating capacity of the

gallbladder. Often it is possible for the hepatocyte
function to remain .entirely normal while gallbladder
function alone is abnormal, as is often the case in chronic
cholecystitis and in patients on long-term parenteral
nutrition (22). Therefore, a combination of a normal
liver but abnormal GB function may result in nonvisu
alization of the GB if a rapidly clearing Tc-99m IDA
agent is chosen for imaging. The mean excretion half
times of Tc-99m IDA agents range from 18.8 to 108 mm

(Table 1). This information was not available when the
claims of â€œbestoverall agentâ€•were made (23).

In the earlier studies, using mainly the slow-clearing
agents, the overall diagnostic accuracy (97.5%), speci
ficity (99.2%), and sensitivity (95.2%) for acute chole
cystitis were high with a low false-positive incidence
(gallbladder nonvisualization) (I ). In recent years,
however, the incidence of false-positve GB imaging has
increased, and in such studies more often a rapidly
clearing agent has been used (24). In six often patients
studied by Kalff et al., the serum bilirubin was entirely
normal (<1.3 mg/dl) and the patientswere fasting
longer than 2 days and some up to 30 days. Biliary

imaging at 2 or 2.5 hr with DISIDA means imaging after
Si)! to eight liver excretion half-times of the agent. After

six half-times, less than 1.5% of the liver activity at in
jection time is retained in the liver (14). In the presence
of normal liver function, there appears to be no point in
imaging beyond 2 hr with agents that clear with an ex
cretion half-time less than 20 mm. Since the gallbladder
may fill slowly in such conditions, the agents that clear
from the liver at a much slower rate appear most suitable
ifwe are to maintain the high levelofdiagnostic accuracy
that has already been achieved (1,2). Rapidly clearing
agents are ideal for the assessment of the common bile
duct and the intrahepatic ducts, but there is no theoret
ical reason why these agents should be better for visu
alizing the gallbladder, especially when its function is
compromised. In patients with abnormal liver function,
the agents of choice are those that resist displacement
by high serum bilirubin (13,25â€”27).

The clear visualization of the entire biliary system was
easily accomplished, since all ofour subjects were normal
healthy volunteers from the general population. The
question arises about the constancy of the biliary phys
iology in a subject on a day-to-day basis. In a paired
study, using HIDA on both occasions in normal subjects,
the biliary physiology is shown to be predictably constant
from day to day (28). However, we do not know whether
this constancy is maintained in disease.
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