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Sincethe initiationof livertransplantationat our institution9 yr ago,73 patientsrangingin
age from 8 mo to 64 yr have undergone this procedure. In the immediate postoperative
penod and at various times thereafter as deemed necessary, radionuclidestudies were
performedusingoneof the iminodiaceticacid(IDA)derivativeslabeledwith @â€œTc.Initially,
these studies were performed using labeled PIPIDAwith a shift to diisopropyl IDA when this
latter agent became available. The IDA agent is administered as a bolus so that the â€œflowâ€•
andâ€œpoolingâ€•maybeviewedimmediatelyafter injection.This is followedby sequential
imaging at various times up to 24 hr, with optional graphic tracings of hepatic and bowel
patterns of uptake and clearance of radioactivity. An analysis of the initial portion of the IDA
scanyieldsusefulinformationregardingthe arterialandportalvenoussupplyof the liver.The
rapidity of hepatic concentration and excretion provides a direct measure of hepatocyte
function which is particularly helpful when used sequentially to follow the response of the liver
to therapy for rejection or infection. The study is also used to assess the biliary system for
obstructionor leaks.
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ince the introduction of human orthotopic liver
transplantation by Starzl and associates in 1963, more
than 1,000 liver transplants have been performed at
various medical centers throughout the world (1,2).
This procedure is increasingly recognized as the appro
pnate treatment for a number of disease processes
involving the liver (1â€”5).Increased interest in hepatic
transplantation has paralleled improved survival results
which have been attributed in large part to the use of
cyclosporine (1,2), but also relate to improved surgical
technique and better diagnoses and treatment of corn
plications. Interest in liver transplantation at our insti
tution has also increased considerably with the availa
bility of cyclosporine. Although 16 liver transplants
were performed prior to the use ofcyclosponne in I982,
only two patients survived longer than 1 yr. Since then,
57 transplants have been performed with 33 survivors

at present.
The postoperative period is an uncertain one for the

transplant patient; complications include bleeding, vas
cular accidents, rejection, biliary disruption, and infec
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tion. Liver enzyme abnormalities do not identify the
specific pathology (5). Although routine post-transplant
percutaneous biopsies are used to delineate hepatic
pathology, it would be preferable to develop a nonin
vasive examination instead. We are, therefore, utilizing
radionuclide scintigraphy as introduced by Klingens
rnith et al. (6,7) to determine the efficacy of this pro
cedure in defining graft function and specific post
transplant pathology in our patients (8). In this paper,
we report our efforts to date with this noninvasive
examination. Other details of our experience have been
considered in other publications (3â€”5).

MATERIALS AND METHODS

Donors who met brain death criteria (no evidence of
either intracranial blood flow or electroencephalo
graphic activity) were matched to prospective transplant
recipients according to blood group, size, and weight.
A cross-match between recipient serum and donor lym
phocytes was performed for retrospective analysis. The
preoperative donor assessment included tests of hepa
tocyte function (coagulation parameters), hepatocyte
integrity (serum transarninase-AST), and evidence of
adequate oxygenation and blood pressure maintenance.
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Visual inspection of the donor organ completed its
evaluation prior to transplant.

Sixty-one orthotopic liver transplants have been per
formed at our institution from 1980 to the present and
serve as the basis ofthis report. 0f43 pediatric patients,
30 had biliary atresia, five had alpha-l-antitrypsin de
ficiency, two had Wilson's disease, and one each of
chronic aggressive hepatitis, fulminant hepatitis and
tyrosinemia, glycogen storage disease, chronic cholan
gitis and hepatoblastorna. Of 18 adult patients, seven
had primary biliary cirrhosis, three had sclerosing cho
langitis, two had cancer, one each had chronic active
hepatitis, photoporphyria, fulminant Wilson's disease
and alpha-l-antitrypsin deficiency, and two had
unknown causes ofliver failure.

The evaluation of each patient scheduled to receive
a liver graft has several purposes: (a) to optimize the
patient's general condition prior to graft placement.
Nutritional and respiratory functions receive special
attention. Short courses of broad spectrum antibiotics
are used when considered necessary. Judicious use of
furosernide and aldactone diuretic treatment of ascites
is weighed against the possibility of exacerbating renal
insufficiency. Blood volume is maximized using colloid
to treat the pre-renal component of the hepatorenal
syndrome, (b) to characterize defects of hepatic, pul
monary or cardiac function that might influence the
patient's chance of survival, (c) to determine whether
the transplant is technically feasible given an individual
patient's anatomy, and (d) to search out sites for occult
infection and/or malignancy. The details of protocols
followed for this purpose have been considered
elsewhere (4,5).

Techniques similar to those developed for renal pres
ervation have been adapted for preserving the donor
liver (9). After the donor liver is isolated and its vessels
skeletonized, inflow cannulas are placed in the portal
vein and aorta. An outflow cannula is placed in the
distal vena cava and a slow in situ flush is begun with
cold heparinized lactated Ringer solution through the
portal system. After the liver has been cooled and
flushed for @â€”2Omm, both portal and aortic systems are
flushed with cold heparinized Collins solution. The
hepatectomy is then completed and the liver trans
ported on ice to the operating theater where the recipi
ent is being prepared. This method provides for -@@8hr
of preservation of the graft prior to implantation.

The recipient hepatectorny is often the most danger
ous and tedious aspect of liver transplantation in that
portal hypertension and adhesions can result in exces
sive bleeding. A rapid infusion system, the cardiopul
monary bypass pump, is used to deliver washed blood

(free of white blood cells and low in potassium) at a
rate ofup to five 1/mm.

The liver graft is placed in an orthotopic position.
The donor and recipient suprahepatic vena cavae are

anastomosed first; this anastomosis can be difficult
because oflimited exposure. Next, the infrahepatic vena
cavae of donor and recipient are anastomosed leaving
a small defect in the anterior suture line. Third, the
portal veins of donor and recipient are anastomosed
after cutting each vessel on a bias to maximize the
diameter of the anastomosis. Release of the portal vein
vascular clamp without release ofthe suprahepatic vena
cava results in flushing of the potassium rich Collins
solution out the defect in the infrahepatic vena cava
and protects the recipient against sudden hyperkalemia.
After this fluid is flushed into the peritoneal cavity, the
infrahepatic suture line is completed and the suprahe
patic vena cava is released, returning portal flow to the
circulation. Arterial flow is established by way of the
hepatic artery to hepatic artery anastomosis or an aorto
aortic anastomosis. Biliary drainage in adults is by way
of a choledocholedochostomy over a T-tube stent, and
in children a choledochojejunostomy is performed.

Prior to April 1984, cyclosporine and prednisone
were used for immunosuppression. Since then, cyclo
sporine, prednisone, and azathioprine have been used
for immunosuppression. Intravenous cyclosporine at a
dose of 3 mg/kg/24 hr is started after surgery. Oral
cyclosporine is added as bowel activity resumes and the
i.v. cyclosporine is tapered. A whole blood level of 200â€”
350 ng/ml, as measured by high performance liquid

chromatography, is maintained. Prednisone at 2 mg/kg
is begun prior to transplantation and rapidly tapered to
a maintenance of 0.2 mg/kg at 3 mo. Azathioprine is
begun at a dose of 2 mg/kg and adjusted according to
the white blood count.

A TRU CUT needle biopsy is performed at the time
of revascularization, and percutaneous biopsies are ob
tamed weekly until discharge. Subsequently, 6-mo and
yearly biopsies are obtained. In the immediate postop
erative period (usually within 24 hr of surgery) and
subsequently as deemed necessary, radionuclide studies
are performed using one of the iminodiacetic acid
(IDA), derivatives labeled with technetium-99m. mi
tially, the studies were performed using labeled PIPIDA
with a shift to diisopropyl IDA when this latter agent
became available. For these studies, patients are placed
supine below a large field-of-view scintillation camera
fitted with a low-energy, all-purpose collimator and
positioned such that the liver graft is located centrally
within the left upper quadrant of the camera's field-of
view. The amount of radioactivity administered has
ranged from 1 to 5 mCi depending upon the patient's
age and/or weight with the 5 mCi dose used routinely
in adults. When the dose that has been administered as
an i.v. bolus appears in the abdominal aorta, data from
the camera are entered into a computer and framed at
2-sec intervals for 1 mm as a means for assessing blood
flow to the graft. A 500k count image is then obtained
of the blood pool in and around the graft. Data are
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Sal.), when questions arise concerning bile leaks, radio

activity in the GU compared with the GI system, and
thelike.

RESULTS

Seventy-three patients have received orthotopic liver
allografts since the introduction ofthis technique at our
institution in 1968; these patients have ranged in age
from 8 mo to 64 yr. During the first 5 yr of this effort,
11 patients received liver allografts with no recipient
surviving more than 6 wk after transplantation. Due
largely to these failures, no patients received a liver
allograft for the next 4 yr during which time consider

continually entered into the computer and framed at
30-sec intervals for 1 hr. Sequential digitized scintipho
tos and/or graphic analyses ofthe uptake and clearance
of radioactivity from the graft are generated from this
data bank as desired. The time required at 5 mm
postinjection to obtain an analog image with 100k
counts is used for that and all subsequent scintiphotos,
usually obtained at 10, 15, 30, and 60 mm. Analog
images are also obtained at various times beyond 1 hr
to 24 hr postinjection depending upon the need for
such images as assessed from the pattern of extraction
and excretion that is observed in each study. Ordinarily,
only anterior views of the abdomen are recorded. How
ever, other projections are obtained as deemed neces

A

FIGURE1
A: [@â€œTcJsulfurcolloid study per
formed on 6-1 6-77 on young girl re
veals small, poorly functioningliver
withattendantascites,bonemarrow
uptake,and marked splenomegaly.
B: On 6-5-80, 1 mo following liver
transplantation,thesetracingsof up
take and clearanceof PIPIDAshow
graft to be functioningwell. C: Se
lected scintiphotos from PIPIDA
studyof 6-5-80alsoshowgoodgraft
function. D: This PIPIDA study per
formed during episodeof rejection
showsdelayintransitandclearance
of radioactivity

30mm 60mm
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FIGURE2
A: DiisopropylIDAstudyperformed
2 days after man had received liver
transplantfor treatmentof cholanguo
carcinoma reveals good graft func
tion. Delay in passage or radioactivity
into bowel is attributed to edema
present at site of biliary anastornosis.
B: One week later, this patient ex
periencedepisode of rejection as evi
denced by marked delay in extrac
tion, and, hence, in clearance of di
isopropylIDA.Somebowelactivityis
seen at 30 mm indicating that edema
atsiteofanastomosishassubsided.
C: Following2 wk of intensiveanti
rejectiontherapy,graftfunctionhas
returned to normal. D: Diisopropyl
IDAstudyperformed1 yr aftersur
gery showsexcellentgraft function.
Some delay in transit is encountered
secondaryto tumor involvementof
small bowel. Left lobe and inferior
right lobe are poorly visualized for
technical reasons. E: TCT examina
tionperformedshortlybeforepatient
died,revealspresenceof multiple
metastasesingraft
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Item

Rejection305Infection
2712Vascular

compromise73Bile
Duct Stenosis62Tumor

(Recurrent)22Biliary
Leak21Hemorrhage

10.

Most patients had more than onecomplication.t

Indicates principal cause of death.

able effort was spent in improving surgical technique
and ascertaining means for minimizing various corn
plications, the most notable being rejection. In 1979, a
single patient received a graft that continued to function
well for 5 mo before sepsis and hemorrhage combined
with other complications led to the patient's demise.
One oftwo transplants performed in 1980 continues to
do well and is our longest survivor. Liver failure sec
ondary to posthepatitis necrosis necessitated a graft
placement in this patient. One of the two recipients of
a liver transplant in 198 1 succumbed 2 mo after surgery.
The other survived for 14 mo during which time the
liver allograft continued to function well despite a re
current cholangiocarcinoma which led to death. Rep
resentative scans ofthese patients are presented as Case
1 and 2 of this report for the purpose of illustrating
results from our â€œpre-cyclosporineâ€•experience (Figs. 1
and2).

With the availability of cyclosporine in 1982 to pre
vent rejection, the survival of our patients with liver
allografts has improved significantly. Using cyclospor
me and prednisone immunosuppression, 6-mo actuar
ial survival was 5 1%. Since triple therapy was intro
duced in April 1984, 35 patients have been transplanted
with a 6-mo survival of 76%. A total of 57 liver trans
plants have been performed since 1982 with 33 of them
alive and well at present. When each patient has stabi
lized after receiving a liver graft, a radionuclide liver
function study is performed. These studies have been
repeated as many as I5 times in several of our patients
whose postoperative course has been complicated by
one or more clinical problems, the most common ones
being rejection and infection (Table 1). More than 200
of these radionuclide studies have been performed to
date. Except for a few scans performed in 1980 and
198 1 with PIPIDA, all have been done with [99mTcl
diisopropyl IDA. In our experience, all conditions listed
in Table 1 are identifiable on these scans in a manner
similar to nontransplant cases except for rejection
which, of course, does not occur without an allograft.

Two additional cases are presented here to illustrate
our use ofthe IDA scan for evaluation ofgraft function
in patients who are receiving both cyclosponne and
prednisone. The first of these involves an 11-mo-old
white female with congenital biliary atresia. A Kasai
procedure at an outside hospital was not successful. A
liver transplant was performed on November 5, 1982.
Various studies performed in the care of this patient
are shown (Figs. 3A-E). Postoperatively, the graft has
continued to function quite well up to the present time
although in the early postoperative period the patient
experienced fever, jaundice, and elevated liver function
enzymes. She failed to respond to antimicrobial anti
biotics. A hepatobiliary study performed at that time
(Fig. 3D) showed evidence of retention of radioactivity
within the graft several hours postinjection. This pattern

TABLE 1
ComplicationsAmong56 LiverGraftRecipientsfrom

August 1982 Through September1985

No. of No. of

occurrencesâ€¢ deathst

was thought to be compatible with but not pathogno
monic of rejection. A liver biopsy revealed focal hepa
tocellular necrosis indicative of a viral hepatitis and
highlights the inability of the IDA scan to differentiate
among the various causes ofhepatocellular dysfunction.
The patient responded satisfactorily to a 2-wk regiment
of acyclovir therapy with return to essentially normal
liver function within the next several weeks. Subse
quently, the patient experienced a second febrile epi
sode (fever up to 104Â°).A diisopropyl IDA study per
formed at that time showed continued normal function
despite a bacterial infection that was successfully treated
with antibiotics. Followup hepatobiliary studies on No
vember 7, 1984 and October 24, 1985 (not presented
here) have continued to show essentially normal liver
function.

The final case included here involves a white girl in
whom the diagnosis of biliary atresia was made at the
age of 2 mo. A Kasai procedure was performed which
functioned well for several months until the patient
developed ascending cholangitis with E-coli sepsis and
a liver abscess. Because of ascites, hepatosplenomegaly
and continued liver dysfunction, a liver transplant with
a concomitant splenectomy was performed on April
28, 1983. Selected post-transplant studies on this pa
tients are shown (Figs. 4Aâ€”C).These illustrations mdi
cate that the graft has functioned well except in the
immediate postoperative period at which time the pres
ence of edema at the site of the biliary-jejunal anasto
mosis caused some delay in clearance of radioactivity.
During more recent clinical visits (March 17, 1984 and
April 30, 1985) repeat IDA studies (not included here)
have shown a continuation of normal hepatic function.

DISCUSSION

The evaluation of hepatic function using techniques
ofnuclear medicine began in 1955 at which time iodine
131 (â€˜@â€˜I)rose bengal was introduced by Taplin et al.

(10). The administration of rose bengal followed by
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FIGURE3
A: Liver-spleenscanperformedwith
[@â€œTc]sulfurcolloidon infantgirlwith
biliaryatresia,revealsshrunkenliver
withpooruptake,splenomegaly,and
ascutes.B: TCT examinationalso
performedat that time(9-24-82)pro
videsfurtherevidenceof the sequel
Iaeof hepaticfailure.C: Diisopropyl
IDAstudyperformed3 daysafter
liver transplantationshows graft to
extractwellwith gradualpassageof
radioactivity into small bowel through
choledochojejunostomy. D: Diisopro
pyl IDAstudyperformedduringbout
with viralhepatitis(11-21-82)shows
good extraction but marked retention
of radioactivity within liver. Retention
persisted for several hours postinjec
tion
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FIGURE3
E: Following 2-wk regimen of acyclo
vir therapy, graft function has re
turnedto normalasseenondiisopro
pyl IDAstudyon 1-31-83

30mm 60mm15mm
E

imaging and/or stool collections has permitted hepato
cellular disease to be distinguished from an obstruction
(partial or complete) ofthe common bile duct. Its major
use has been in differentiating neonatal hepatitis from
biliary atresia. Rose bengal was also employed by Klin
gensmith et al. in some of their early investigations of

liver transplants (6, 7). Although the results of these
various studies with rose bengal have proven to be
clinically useful, the relatively high radiation dose to
the patient and the poor imaging characteristics of â€˜@â€˜i
have prevented wide acceptance of this procedure. In
the early l970s various organic compounds, such as

FIGURE4
A: DiisopropylIDA study performed
on infant shows excellent extraction
by livergraft but significantretention
of radioactivity at site of biliary
anastomosis.B: Delayedimagesup
to 3 hr from study of 5-2-83 reveal
gradualpassageof radioactivityinto
small bowel. C: Repeatdiisopropyl
IDA study performed4 days later
shows that edema at anastomotic
site has subsided and bowel transit
is essentially normal
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pyridoxylidine glutamate and dihydrothioctic acid were
employed. Their potential for evaluation of liver func
tion was immediatley recognized. However, problems
associated with stability of many of these @mTc@labeled
compounds, as well as with their excretion, in part by
the kidneys. particularly in instances of impaired hep
atocellular function, has served as a deterrent to their
clinical use at various centers including our own. In
addition, their distribution and pharmacokinetics ap
pear to depend more upon the concentration of serum
bilirubin than on liver function.

Following the introduction of the IDA group by
Loberg's group in 1975 ( I I), rapid strides have been
made in â€˜@perfectingâ€•a radiotracer for assessment of
hepatocellular function in both native and transplanted
livers (6,7,12). The first of these agents developed by
this group was 99mTc (6-dimethylphenylcarbamoyl
methyl) iminodiacetic acid [@mTc]dimethyl IDA). The
complexation of reduced 99mTc with this agent using
stanous chloride as a reductant at room temperature is
similar to the well-established preparation of various
other radiopharmaceuticals labeled with 99mTc.

The desirable biliary imaging characteristics of@mTc@
labeled dimethyl IDA spurred interest in the develop
ment of other derivatives of N-substituted iminodi
acetic acids. The properties ofthese various agents have
been tested extensively in a variety of laboratories
throughout the world. It appears at present, that the
diisopropyl IDA derivative (disofenin) because of its
somewhat longer substituted side chain allows for in
creased biliary excretion and visualization of the hepa
tobiliary system at somewhat higher serum bilirubin
levels (approaching 20 mg/dl) than has been possible
with the shorter chain derivatives such as dimethyl IDA
or PIPIDA (p-isopropyl IDA) (11â€”13).

The rate at which a liver graft accumulates and
ultimately excretes the various IDA derivatives provides
a sensitive indicator of hepatocyte function (6â€”12).
Because of this attribute together with its use in assess
ing the integrity of biliary drainage, it is employed
routinely at our institution to evaluate the liver graft
within 48 hr after transplantation. Subsequently, it is
used for routine follow-up as well as an aid in the
assessment ofone or more ofthe postoperative compli

cations listed in Table I . As indicated in this table,
rejection and infection are the two most common com
plications observed among our liver graft recipients.
Both may cause a significant reduction in hepatocyte
function and thus both may markedly depress the up
take and clearance of labeled IDA by the liver. This in
turn leads to enhanced renal excretion ofthe radiotracer

which must be differentiated from that appearing in the
abdomen secondary to excretion by way of the biliary
system. The presence of radioactivity in the kidneys,
particularly on the right side, must be taken into ac
count when selecting a region of interest from which a

tracing of uptake and clearance of tracer by the liver
graft is to be generated.

Since rejection and disease states such as viral hepa
titis and ascending cholangitis all depress hepatocyte
function and consequently alter the IDA scan study in
a similar manner, a second diagnostic procedure, the
percutaneous liver biopsy, is routinely employed in
these instances because of its diagnostic accuracy. Mi
croscopic evaluation of the biopsy specimen aids in the
differentiation of the various causes of hepatocellular
injury and thus improves the overall specificity of our
diagnostic testing. Unfortunately, the biopsy is not with
out finite risk. Although we have not experienced pa
tient death following biopsy (>250 biopsies total), blood
transfusions have been necessary in three instances to
correct a fall in hemoglobin with an associated mild
hemodynamic instability.

The various complications observed following place
ment of liver grafts are summarized in Table 1 along
with their frequency of occurrence and their effect on
clinical outcome. Rejection, the most frequent compli
cation, was experienced in more than half of our pa
tients. Infections, either bacterial or viral (or both) were
found in 27 of patients with liver grafts and led to the
demise of 12 of them. It was in these two groups of
patients that the liver biopsy was used most frequently.
The other complications listed in Table 1 are usually
readily identifiable using the IDA scan. Quantitation of
the initial uptake of radioactivity into the graft and
examination of the blood-pool images yields informa
tion regarding the adequacy of the arterial and portal
venous supply to the liver. Compromises in arterial or
in portal venous flow were demonstrated in two and
three of our patients, respectively. Although vascular
occlusion may be secondary to acute rejection as was
recently reported (14), our experience indicates that
technical problems, such as stenosis at a site of anasto
mosis, are much more likely to be the cause ofa vascular
compromise.

In instances of biliary stenosis and/or obstruction,
the finding on the IDA scan has been quite specific.
The extraction (uptake) of radioactivity of the graft is
usually good whereas excretion is delayed. Scintiphotos
obtained a half-hour or more after administration of
the tracer show clear evidence ofparenchymal retention
with gradual filling of dilated biliary radicals. It is in
these instances that graphic analyses are particularly
useful as a reliable means for assessing functional
changes occurring in sequential studies. If the integrity
of biliary outflow is compromised as with a leak at the
anastomotic site, the appearance of radioactivity in the
peritoneal cavity is easily identified.

The presence of a mass lesion within the liver has
been detected from scintiphotos obtained during the
first few minutes after administration of an IDA agent.

The usual cause of a mass effect has been hemorrhage,
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although a mass secondary to recurrent tumor was
found in one case. By use of other information (earlier
scans, clinical history, or knowledge of a recent liver
biopsy, etc.), it is usually possible to determine the
etiology of a mass although CT is more commonly
employed for this purpose.

CONCLUSION

The IDA scan presently performed at most institu
tions using the diisopropyl derivative labeled with @mTc
is a sensitive indicator ofhepatic blood flow, hepatocyte
function, and biliary drainage, and permits mass lesions
of the liver to be identified. As such, this procedure is
employed early on in the evaluation of our patients
with liver transplants. However, this test does not per
mit a differentiation to be made of various causes for
depressed graft function, and a liver biopsy is required
to establish specific diagnosis. Nevertheless, because of
its sensitivity in the detection of the various abnormal
ities associated with liver transplants and the noninva
sive nature of this test, the IDA scan is a diagnostic
modality that is routinely used to serially monitor the
hepaticgraft.
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