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Abstract

AIM: To investigate the hepatic hemodynamics in the
Budd-Chiari syndrome (BCS) using per-rectal portal
scintigraphy (PRPS) and liver angioscintigraphy (LAS).

METHODS: Fourteen consecutive patients with BCS
were evaluated by PRPS between 2003 and 2012. Ten
of them underwent LAS and liver scan (LS) with Tc-99m
colloid. Eleven patients had clinical manifestations and
three were asymptomatic, incidentally diagnosed at
PRPS. The control group included 15 healthy subjects.
We used new parameters at PRPS, the liver transit time
of portal inflow and the blood circulation time between
the right heart and liver. PRPS offered information on
the hepatic areas missing venous outflow or portal
inflow, length and extent of the lesions, open portosys-
temic shunts (PSS), involvement of the caudate lobe
(CL) as an intrahepatic shunt and flow reversal in the
splenic vein. LAS was useful in the differential diagnosis
between the BCS and portal obstructions, highlighting
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the hepatic artery buffer response and reversed portal
flow. LS offered complementary data, especially on the
CL.

RESULTS: We described three hemodynamic catego-
ries of the BCS with several subtypes and stages, based
on the finding that perfusion changes depend on the
initial number and succession in time of the hepatic
veins (HVs) obstructions. Obstruction of one hepatic
vein (HV) did not cause opening of PSS. The BCS de-
buted by common obstruction of two HVs had different
hemodynamic aspects in acute and chronic stages after
subsequent obstruction of the third HV. In chronic stag-
es, obstruction of two HVs resulted in opening of PSS.
The BCS, determined by thrombosis of the terminal
part of the inferior vena cava, presented in the acute
stage with open PSS with low speed flow. At least sev-
eral weeks are required in the obstructions of two or
three HVs for the spontaneous opening of dynamically
efficient PSS. The CL seems to have only a transient
important role of intrahepatic shunt in several types of
the BCS.

CONCLUSION: Dynamic nuclear medicine investiga-
tions assess the extent and length of hepatic venous
obstructions, open collaterals, areas without portal
inflow, hemodynamic function of the CL and reverse
venous flow.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Per-rectal portal scintigraphy (PRPS) and liver
angioscintigraphy (LAS) are reliable investigations of
the liver hemodynamics in the Budd-Chiari syndrome
(BCS). Diagnosis of the number, length and succession
in time of hepatic vein obstructions allows identification
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of hemodynamic varieties and stages of the BCS. Our
new PRPS parameters, liver transit time and right heart
to liver time, are used to diagnose obstructed hepatic
veins, areas missing venous outflow or portal inflow,
open collaterals, reverse splenic vein flow and hemo-
dynamic role of the caudate lobe. LAS is useful in the
differential diagnosis with portal occlusions, highlighting
arterial-venous shunts and reverse portal flow.

Dragoteanu M, Balea IA, Piglesan CD. Nuclear medicine dy-
namic investigations in the diagnosis of Budd-Chiari syndrome.
World J Hepatol 2014; 6(4): 251-262 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v6/i4/251.htm DOI:
http://dx.doi.org/10.4254/wjh.v6.i4.251

INTRODUCTION
The Budd-Chiari syndrome (BCS) is determined by he-

patic venous obstruction localized from the small hepatic
veins (HVs) to the terminal part of the inferior vena
cava (IVC), resulting in increased sinusoidal pressure,
hepatic congestion and portal hypertension (PHT)". The
natural outcome is poor in many cases, with a three year
survival rate of about 10%””. Clinical manifestations are
extremely varied and include ascites, jaundice, hepato-
megaly, splenomegaly, collateral veins and upper right ab-
dominal quadrant pain”. Ascites fluid has a characteristic
high protein concentration (> 2.5 g/dL).

A widely accepted classification is based on etiol-
ogy, site of obstruction, manifestations and duration of
the disease’”. Primary BCS is produced by thrombosis,
its sequels or web obstruction'”. Secondary forms are
determined by malighant or parasitic obstruction of the
lumen or by extrinsic compression, commonly produced
by tumors'”. The site involved by the obstruction and
the affected HVs are commonly diagnosed through non-
invasive imaging [ultrasound (US), magnetic resonance
imaging (MRI), computed tomography (CT)] or by using
venography'”,

Clinical approach accounts for the severity of dis-
ease (fulminant/non-fulminant) and its duration (acute,
subacute or chronic). Subacute forms show signs or
symptoms for less than six months and no evidence
of liver cirrhosis. Chronic evolution is charactetized by
onset over six months, with evidence of PHT and cir-
thosis”. However, the severity of liver damage may be
inconsistent with apparent symptomatology. Recent clini-
cal onset may be discordant with advanced liver fibrosis,
suggesting a long course without clinical symptoms.
Asymptomatic disease (10%-15% of cases) is usually as-
sociated with the obstruction of only one HV but also
with spontaneous development of dynamically efficient
intrahepatic collaterals and extrahepatic portosystemic
shunts (PSS), incidentally diagnosed by imaging at surgery
or necropsym]. For the patients with acute clinical onset
but with advanced histological damage, a recent hepatic
venous obstruction added to older obstructions of other
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HVs has to be suspected. In acute forms, the liver area
without physiological outflow is hypertrophied and PHT
occurs. Because of the higher pressure (35 mmHg) in the
hepatic artery (HA) than in the portal vein (PV) branches
(3-6 mmHg), the portal flow may be reversed.

Chronic alterations include parenchyma atrophy and
extended fibrosis, gaining a cirrhotic appearance and con-
siderably reducing both portal and arterial inflow. Spleno-
megaly is found in a third of parients“”

Thrombosis is the usual cause for the occlusion of
large HVs, while the obstructions of the IVC or of the
small HVs are rarely thrombotic!™.

The anatomical varieties of the HVs have to be ac-
counted for, both for the diagnosis and surgical treat-
ment. A common opening into the IVC of the left
hepatic vein (LHV) and middle hepatic vein (MHYV) was
reported in around 55%-60% of cases!”. Other varieties,
such as a common trunk of the MHV and right hepatic
vein (RHV), separate opening of the three HVs into the
IVC or the existence of an accessory RHV, were identi-
fied in various percentagesm’m]. The caudate lobe (CL)
hemodynamic status is important as it may be an anasto-
mosis between the obstructed HVs and the IVC. CL hy-
pertrophy is desctibed in 65%-75% of cases, with good
sensitivity but not speciﬁcitym. A caliber of the CL vein
higher than 3 mm is considered diagnostic for the BCS™,

US usually demonstrates altered HVs and hypertrophy
of the CL'"™. Duplex Doppler sonography is widely used,
offering a good assessment of the blood flow through
the HVs™"!. Color Doppler sonography allows a more
reliable identification of abnormalities of the HVs than
conventional sonography and detects collateral vessels
not visible with other techniques. The lack of flow sig-
nals in the HVs, intrahepatic and extrahepatic collaterals,
together with reverse, slow or turbulent portal flow, are
characteristic findings. US techniques should be the first
line investigations, due to a low cost and a diagnostic
sensitivity of more than 75%. There are, however, cases
where the occlusion of HVs is difficult to demonstrate
by US, even by color Doppler imaging'*”.

CT scans offer a good assessment of thrombosis of
the HVs or IVC, global liver enlargement, abnormalities
of liver structure, size and direction of the venous flow.
The contrast-enhanced helical CT allows a good dynamic
visualization of HVs™. MRI provides useful images of
the hepatic venous outflow and thrombosis of HVs, as
second line investigations together with CT" 1t can be
difficult to diagnose spontaneous intrahepatic anastomo-
ses and prominent azygos and hemiazygos veins (espe-
cially in TVC thrombosis) on MRI*", The liver biopsy has
limited value due to the inhomogeneous distribution of
liver lesions in the BCSF".

Per-rectal portal scintigraphy (PRPS) was used over
the last decades to investigate PHT and PSS in chronic
liver disease (CLD) by evaluating a per-rectal portal
shunt index™. Detailed information may be acquired
about liver hemodynamics by using the parameters in-
troduced by us in the interpretation of PRPS dynamic
curves - liver transit time (LTT) and right heart to liver
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time (RHL

Liver angioscintigraphy (LAS) evaluates the contri-
bution of arterial inflow to the total liver perfusion. It
is especially useful in the differential diagnosis between
the BCS and obstructions of the portal branches. Liver
areas missing portal inflow have compensatory increased
arterial inflow due to the hepatic artery buffer response
(HABR)"" and a characteristic pattern at LAS, with
abrupt arterial entry and a flattened portal segment.

Liver scan (LS) with Tc-99m labeled colloid per-
formed after LAS may show changes in radiotracer cap-
ture by liver, spleen and spine. Increased radioactivity on
the CL area is considered a characteristic finding in the
BCS™

The aim of this study is to underline the diagnos-
tic possibilities in the BCS of the PRPS and LAS, with
auxiliary use of the LS. The goals are assessment of
liver areas missing venous drainage, length and order of
the appearance of lesions, arterial and portal perfusion
changes, existence of dynamically efficient collaterals and
of supplementary drainage through the CL.

MATERIALS AND METHODS

We evaluated 14 consecutive patients with the BCS be-
tween 2003 and 2012, 9 females and 5 males, between 20
and 63 years old. Eleven patients had clinically manifested
BCS and 3 were asymptomatic, incidentally identified at
PRPS among over 400 patients explored for chronic liver
disease (CLD) staging. The control group included 15
healthy subjects from the laboratory casework, 7 men and
8 women, between 19 and 67 years old. All 14 patients
with BCS underwent PRPS. LAS and LS were performed
in 10 of them. Anonymity of the patients was respected.
All persons gave their informed consent prior to the in-
vestigations, accepting inclusion in research studies. The
study was realized as part of routine clinical practice.

All the investigations were performed by using a
single photon emission computed tomography (SPECT)
Orbiter Siemens gamma-camera with high resolution,
low-energy, parallel collimator, connected to a Power Ma-
cintosh computer, using ICON dedicated software. We
used Tc-99m sodium pertechnetate, eluted from Drygen
generators (General Electric, Amersham, United Kin-
dom) and Fyton colloid (Institute of Isotopes, Budapest,
Hungary).

PRPS was performed using the method developed
by Shiomi e a/*”. A solution containing 2 mL (296-370
MBq/8-10 mCi) of Tc-99m sodium pertechnetate was
instilled at PRPS into the upper part of the rectum
through a Nelaton tube, followed by 15 mL of air under
pressure. Serial scintigrams were recorded every 2 s for 5
min. Radioactivity curves were built thereafter by com-
puter on liver and heart areas to analyze the dynamics of
the radiotracer absorbed from the rectum. The patients
were told to fast from the evening preceding the test.
Two enemas were performed in each patient, the first the
previous evening and the the second one 2 h prior to the
PRPS. The patients were placed in a supine position, with
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the camera detector in the anterior view, including in the
field the liver and heart areas.

LTT and RHLT allow detailed assessment of liver
hemodynamics in the BCS. These time parameters can
be assessed for particular hepatic areas or for the whole
liver. The portal inflow is missing in those areas where
the tracer arrives (through the HA) with a delay equal
to RHLT after entering into the right heart (RH). LTT
increased between 25-40 s shows a higher resistance op-
posed to the portal inflow. Values over 50 s of the time
interval between the entering of tracer into the liver and
its arrival to the RH may occur in the acute stage of the
BCS produced by obstruction of the terminal part of
the IVC. This high delay is determined by the slow flow
through the PSS open to the superior vena cava. LTT
between 15-23 s reflects a decrease of the resistance op-
posed by the liver to the portal inflow due to the enlarge-
ment of intrahepatic small size shunts between terminal
portal branches and small HVs. Open extrahepatic PSS
of high flow are emphasized at PRPS by arrival of the
portal tracer to the RH before entering into the liver.
PRPS also detects alterations of portal and arterial perfu-
sion in the liver areas which maintain their physiological
venous outflow, highlighting the changes determined by
the redistribution of flow from the affected areas.

The arterial upward inflexion (AUI) of the PRPS
curve on a liver area is placed at a time interval equal to
RHLT after the moment when the tracer entered into the
RH. The beginning of the AUI segment on our figures
is noted HA, marking the arrival of tracer to the liver
through the HA. The moments when the portal tracer
enters into the different areas of the liver are noted as
Co, Lo, Mo and Ro. The entering of tracer into the RH
is noted as Ho. The slope of the AUI gives informa-
tion about the amplitude of arterial inflow. The portal
segment of the PRPS curve (before the AUI) offers
information about the portal inflow and the dynamic
resistance encountered. Summed images at PRPS result-
ing from the overlapping of all the sequential images may
highlight the normal aspect, increased accumulation or
low quantity of tracer in a liver area. The presence of the
spleen on the summed image highlights reverse flow in
the splenic vein.

LAS was performed by rapid bolus injection of 8 to
15 mCi (300-450 MBq) of Tc-99m labeled colloid in a
volume smaller than 0.5 mL, followed by computer dy-
namic recording of sequential images during 1 min at a
1 s rate. The detector’s area included the heart, liver and
kidneys. Six patients underwent LAS in the posterior-an-
terior view (P-A) and four in the anterior-posterior view
(A-P). Patients were asked to fast 12 h before the LAS.
Dynamic time-radioactivity curves for the liver, spleen
and left or right kidney were built by computer. The mo-
ment of the peak of the kidney curve corresponds on
the liver curve to the upward inflection point when the
portal inflow of tracer adds to the arterial inflow. The
interval of 8 s on the liver curve before the kidney curve’
s peak corresponds to the arterial segment, while the 8 s

interval after the peak represents the portal segmentm.
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Figure 1 Budd-Chiari syndrome with obstruction of the middle hepatic vein. A: Per-rectal portal scintigraphy; B: Liver angioscintigraphy; C: Liver scan.

The shape of the LAS curve built on a liver area may
highlight amplitude changes of the arterial flow, a higher
resistance opposed to the blood flow or open arterial-
venous shunts. Hepatic perfusion index (HPI) calculated
at LLAS is used to estimate the ratio between the arterial
inflow and total liver perfusion™. HPI > 45% on an area
of the right liver lobe (RLL) without tumors diagnoses
a decrease in portal inflow, with reactive increase in the
arterial flow determined by the HABR™, HPI > 100%
emphasizes reverse flow in the portal vein. HPI can be
accounted for the RLL only, as the left liver lobe (LLL)
normally has an increased arterial inflow.

LS images were acquired beginning at least 15 min
after the LLAS, based on the same administration of Tc-
99m labeled colloid. P-A, A-P and right lateral (RL) views
were used. Time consuming SPECT was not considered
to bring significantly more information on hemodynamic
status than planar LS and was not performed.
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RESULTS

We highlighted three hemodynamic categories of the
BCS using PRPS and LAS: (1) BCS debuted by obstruc-
tion of one HV: asymptomatic, incidentally diagnosed
and old obstruction of one HV followed by recent
obstruction of the other two HVs; (2) BCS started by
obstruction of two HVs: old obstruction of two HVs,
followed by recent obstruction of the third HV, and old
obstruction of two HVs, also followed by old obstruc-
tion of the third HV; and (3) BCS with acute onset due
to simultaneous obstruction of all three HVs caused by
obstruction of the terminal part of the IVC.

BCS with one obstructed HV, asymptomatic, incidentally
diagnosed

We had three cases of asymptomatic BCS in our study,
two with obstruction of the MHV and one with obstruc-
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Figure 2 Per-rectal portal scintigraphy in Budd-Chiari syndrome with ob-
struction of the middle hepatic vein. A: Curve on the territory drained by the
middle hepatic vein; B: Caudate lobe curve; C: Left lobe curve; D: Curve on the
territory drained by the right hepatic vein; E: Heart curve.
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tion of the RHV. All three were incidentally identified at
PRPS.

The case presented in Figures 1 and 2 had MHV
obstruction. The patient was a 36-year-old male, known
to have chronic alcoholic hepatitis. US described
inhomogeneous liver with regenerative nodules and
dilated portal branches.

Summed image at PRPS (Figure 1A) reveals a de-
creased amount of radiotracer in the medial part of the
RLL. The dynamic PRPS curves built on the RLL show
highly different slopes on the medial and lateral segments.
The arrival of portal tracer to the medial area was delayed
about 30 s after the entrance into the lateral segments.
Initial segment of the PRPS curve built on the medial
area of the RLL has a slow slope, denoting moderately
increased resistance opposed to the portal inflow (Figure
2A). The PRPS curve built on the lateral part of the RLL
has an increased slope, showing a rise of its portal inflow
(Figure 2D). The dynamic curve built on the CL has a
low initial slope, indicating that the portal flow blocked
due to the obstruction of the MHV was not drained
through the CL. The LLL has a simultanecous entry of
tracer as the CL and as the lateral area of the RLL, with a
normal initial slope of the PRPS curve.

LTT is prolonged to 30 s, most likely due to the sub-
jacent CLD, with increased resistance opposed to the
portal inflow. The LS images confirm the diagnosis of
alcoholic CLD, showing splenomegaly and hypertrophy
of the LLL, with a normal aspect of the spine. Normal
LS aspect of the medial area of the RLL suggests a sub-
acute stage of the BCS, without cirrhotic changes of the
affected parenchyma. PSS were not open, as the tracer
arrived at the RH by passing through the liver. The LAS
curve on the medial segments of the RLL is significant
for arterial-venous shunts. The differential diagnosis ac-
counted for the value of LTT and missing of the HABR,
excluding a portal branch obstruction.

BCS with old obstruction of one HV and recent
obstruction of the other two HVs
The patient presented in Figures 3 and 4 was a 32-year-
old male, without a previous diagnosis of CLD. The
patient complained of flatulence, vomiting and severe ab-
dominal pain which had started several weeks earlier. US
highlighted ascites and venous dilations. No blood flow
in the HVs and no portal thrombosis were observed at
the US, while numerous intrahepatic arterial-venous and
venous-venous collaterals were described. Esophageal
varices and gastric injuties were not seen on endoscopy.
The summed image at PRPS presents a sharply in-
creased radioactivity on the CL area (Figure 3A). The
LLL only has arterial inflow, receiving tracer after the RH
with a delay equal to RHLT (Figure 4B). This suggests
an old obstruction of the LHYV, with chronic alteration
of perfusion of the LLL. The clinical onset in this case
resulted from a recent obstruction of the RHV and
MHYV, while the LHV had been obstructed for a long
time. The PRPS curve on the RLL has low slopes on
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Figure 3 Budd-Chiari syndrome with old obstruction of the left hepatic vein and recent obstruction of the middle and right hepatic veins. A: Per-rectal portal

scintigraphy; B: Liver angioscintigraphy; C: Liver scan.

the initial portal segment and on the AUI, showing
that its portal and arterial inflows were decreased. The
differential diagnosis excluded portal obstruction,
accounting for small arterial inflow of the two liver lobes
and missing the HABR.

Arrival of tracer to the RH at 30 s after entering into
the CL shows that PSS were not open due to the eatlier
obstruction of one HV and the recent obstruction of the
other two HVs (Figure 4). The tracer was detected in the
RLL about 12 s after the CL, a slow portal inflow to the
RLL being maintained.

Altered flow of the RLL was highlighted at the LAS
(Figure 3B). After a short initial interval of about 1 s with
normal arterial input, the LAS curve flattens on the rest of
the arterial segment and has a low slope on the portal seg-
ment. The flattened curve on the RLL highlights the high-
er dynamic resistance encountered by the arterial inflow.

The ASH curve of the CL has an initial abrupt and
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high segment, due to the increased arterial inflow, fol-
lowed by a flat portal segment and then by fluctuations
of amplitude suggesting arterial-venous shunts (Figure
3B). The CL has a very high entering of portal tracer at
the PRPS (Figure 4A). LTT on the CL is increased to 30
s due to the dynamic resistance opposed by the supple-
mentary arterial and portal flows redirected from the
RLL and LLL. The high amplitude of the PRPS curve on
the CL was determined by the increased and slowed pot-
tal inflow. LS (Figure 3C) revealed increased radioactivity
in the CL, inhomogeneous liver parenchyma and slightly
increased radioactivity in the spleen.

The perfusion changes in the LLL and RLL suggest
a subacute stage of the BCS. We underline that the old
obstruction of the LLL together with more recent occlu-
sion of the other two HVs did not open PSS. The arterial
and portal blood flow of the whole liver was drained to
the IVC through the CL.
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Figure 4 Per-rectal portal scintigraphy in Budd-Chiari syndrome with old
obstruction of the left hepatic vein and recent obstruction of the middle
and right hepatic veins. A: Caudate lobe curve; B: Left lobe curve; C: Right
lobe curve; D: Heart curve.

BCS started by the common obstruction of two HVs,
also followed by old obstruction of the third HY

The scintigraphy investigations in a patient with BCS
with an old obstruction of the MHV and RHV and
subsequent but also old obstruction of the LHV are
presented in Figures 5 and 6. This 20 year old woman, a
user of an oral contraceptive, was hospitalized with an
impaired general condition and abdominal pain. The first
symptoms appeared two and a half years earlier when the
BCS was diagnosed. US at admission showed abundant
ascites and PV dilation to 15 mm. Doppler US could not
detect flow in the HVs.

The RLL received tracer at PRPS at a time interval
equal to RHLT after the RH, emphasizing that the por-
tal inflow was missing and the blood supply of the RLL
came from the HA only (Figures 6C, D).

The tracer entered the LLL and the CL (Figure 6A,
B) at about 25 s after reaching the RH, showing that their
perfusion was mainly (but not completely) arterial. The
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initial low slopes of the CL and LLL curves were caused
by increased resistance opposed to the portal inflow. The
high slope of the AUI on the CL and LLL curves was
determined by the large quantity of tracer that arrived
through the HA. The slope of the AUI is smaller on the
RLL than on the LLL and CL curves with about 50%
(Figure 6C). Due to the older impairment of the RLL, its
arterial perfusion per unit of area became lower than for
the LLL and CL.

PSS were open, allowing the tracer absorbed from
rectum to atrive faster to the RH than to the liver. The
presence of the IVC on the summed PRPS image sug-
gests the existence of open per-rectal PSS.

The ASH curve on the CL has a steep and biphasic
entrance during the arterial segment. The portal phase
has a drop in amplitude and subsequent fluctuations
(Figure 5B). Increased arterial perfusion and existence
of arterial-venous shunts are highlighted in the CL. The
high arterial inflow suggests that the CL. maintained part
of its role of intrahepatic shunt to the IVC for the arte-
rial inflow redirected from the rest of the liver. The ASH
curve on the RLL shows increased arterial perfusion and
reverse portal flow, with HPI = 115%.

The CL is visible on the LS, contrasting to the low
colloid capture in the RLL (Figure 5C). The normal LS
aspect of the spine and spleen argues against alcoholic or
viral cirrhosis.

BCS with old obstruction of two HVs followed by recent
obstruction of the third HV

We encountered one case of the BCS syndrome with old
RHYV and MHV obstruction and very recent occlusion
of the LHV. One of these patients was a 32-year-old
woman, an oral contraceptive user, with ascites in high
quantity, increasing abdominal girth and without viral or
alcoholic cirrhosis.

The time interval at PRPS (Figure 7) between the
dynamic curves built on the heart and on the whole liver
is equal to RHLT, showing that both the LLL and RLL
missed portal inflow and the extrahepatic PSS of high
flow were open. The high initial slope of the PRPS curve
on the heart confirms that the PSS were hemodynami-
cally efficient.

The highly increased radioactivity in the congested
LLL on the summed PRPS image suggests that its depri-
vation of physiological venous drainage was very recent,
while the obstruction of the MHV and RHV was old.
The CL cannot be specifically distinguished on the PRPS
summed image or by building dynamic curves on its area,
therefore not playing a specific hemodynamic role. The
image of the spleen on the summed PRPS image sug-
gests inversion of flow in the splenic vein, while presence
of the IVC suggests open per-rectal shunts.

BCS with acute onset by simultaneous obstruction of all
three HVs (occlusion of terminal portion of the IVC)

Two of the BCS patients in our study had fulminant
symptoms. US and CT scans argued for obstruction of
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the terminal portion of the IVC in both of them. The
data shown in Figure 8 belong to a 39-year-old woman
with myeloproliferative disease, admitted for recently
appeared severe pain in the upper right abdominal
quadrant, with vomiting and encephalopathy signs. US
and CT scans showed abundant ascites and significant
dilation of the HVs.

PRPS highlights a sharp increase of the transit time
of the tracer from entering into the liver to reaching the
RH, up to values over 50 s. The amount of tracer pass-
ing through the heart during the first 30 s after its arrival
was very low, with a flattened PRPS cardiac curve. The
normal slope of the PRPS curves built on the liver lobes
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show that the dynamic resistance encountered by the
portal flow was not significantly increased. The very late
arrival to the RH of a small quantity of tracer was deter-
mined by the slow transit through the PSS open to the su-
perior vena cava. PRPS highlights the completely blocked
venous outflow on the physiological pathway between the
liver and the RH, involving all the HVs. The slow flow
through the PSS suggested that the obstruction of the
terminal portion of the IVC had been recently installed.

DISCUSSION

We propose a new method to assess the liver hemodynamics
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in the BCS by performing the PRPS and LAS, with auxil-
iary use of the LS. PRPS is the main investigation, based
on the parameters introduced by us, LT'T and RHLT, of-
fering information about the portal and arterial flows and
the effects of the venous outflow obstruction.

The liver areas missing portal inflow with only arterial
perfusion are highlichted at PRPS based on the time in-
terval equal to RHLT between the origins of cardiac and
liver curves. The increased arterial perfusion of a liver
area causes a high slope of the AUI at PRPS and HPI
> 45% at LAS. In old obstructions of the HVs, PRPS
shows decreased portal and arterial flows of the paren-
chyma without venous outflow. In recent obstructions of
the HVs, PRPS detects small or inverted portal flow, in-
creased arterial inflow and accumulation of radioactivity
on the summed image in the affected area. A high quanti-
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ty of radiotracer appears on the summed PRPS image in
the CL of the patients with recent common occlusion of
two HVs. Inverted flow in the splenic vein is suggested
by a visible spleen on the summed PRPS image.

ASH is useful in the differential diagnosis between
the BCS and portal obstructions and also in highlighting
arterial-venous shunts and increased resistance opposed
to the arterial flow. Reverse portal flow is emphasized by
HPI > 100%. LS was performed after ASH, showing in-
creased radioactivity in the CL in particular types of BCS.
LS aspect of the liver lobes, spleen and spine is useful
when viral or alcoholic CLD is suspected.

Several hemodynamic varieties and stages of the
BCS were described by using PRPS and LAS. Liver per-
fusion status is closely related to the initial number of
obstructed HVs and to the lengths of occlusions. The
category of the BCS debuted by obstruction of one HV
included the patients actually affected by one obstructed
HYV and the patients affected by an old obstruction of
one HV followed by recent obstruction of the other two
HVs. For the BCS started by obstruction of two HVs we
found different perfusion patterns in acute and chronic
stages after the obstruction of the third HV. The BCS
with acute onset due to the simultaneous obstruction of
all the three HVs is commonly caused by obstruction of
the terminal part of the IVC and specifically presents in
the acute stage highly prolonged LTT at PRPS. Differ-
ent hemodynamic patterns of the liver flows related to
vatious types of hepatic venous occlusions undetline the
autonomous regulation of the perfusion of the two liver
lobes.

It is important to know in all the varieties and stages
of the BCS if PSS are open. PRPS highlighted that PSS
were not open in patients with occlusion of one HV.
The CL did not play a significant hemodynamic role in
the subacute stage of such patients, suggesting that the
blood flow redirected from the area without physiological
venous outflow was drained through the unaffected HVs.
PSS were not open even in the acute stage after common
obstruction of two HVs following an old obstruction of
the other HV.

Open PSS were emphasized in our cases with old ob-
struction of two HVs. This finding suggests that the out-
flow of two HVs is too high to be redirected in chronic
stages only through the unaffected HV and through the
CL, with having to leave the liver through extrahepatic
PSS.

In acute stages after the occlusion of terminal part of
the IVC, the PSS draining the blood to the superior vena
cava allowed only a low speed flow. Our data suggest that
spontaneous effective drainage through PSS requires at
least several weeks to open after the obstruction of two
or three HVs.

Hypertrophy of the CL is currently underlined in
the diagnosis of the BCS. However, the hemodynamic
role of the CL looks to be unimportant or transient in
several varieties and stages of the BCS. The CL was not
involved as an intrahepatic shunt in asymptomatic pa-
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Figure 8 Per-rectal portal scintigraphy in Budd-Chiari syndrome with ob-
struction of the terminal part of the inferior vena cava. A: Left lobe curve; B:
Right lobe curve; C: Heart curve.

tients with obstruction of one HV and in IVC obstruc-
tions. In the patients with chronic obstruction of two
HVs, the CL had a reduced role of a hemodynamic shunt
for part of the arterial flow redistributed from affected
areas, presenting arterial-venous collaterals. The CL was
highly active in the subacute stage after the obstruction
of two HVs following an old occlusion of the third HV.
Our study suggests that the CL usually plays an efficient
hemodynamic role of intrahepatic shunt to the IVC in
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acute or subacute stages and in particular varieties of
the BCS. The importance in each case of the caliber and
morphology of the CL venous drainage for its function-
ing as hemodynamic shunt has also to be accounted for.
Due to the rarity of the disease, we did not explore
several other theoretical varieties of the BCS so our clas-
sification will have to be detailed. Common obstruction
of the LHV and MHYV, acute stage after the debut of
the BCS by obstruction of one or two HVs, and chronic
stage after the occlusion of the terminal part of the IVC
may bring more information about the opening of PSS
and the role of the CL in draining the redirected flows.
To conclude, PRPS associated with LLAS are able to
play a useful role as second line investigations in the BCS,
adding important data to the US, CT or MRI findings.
These scintigraphic procedures have reliable costs, are
non-invasive and easily reproducible. The accuracy of the
method, however, is dependent on the operator’s expertise.
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COMMENTS

Background

Impaired liver perfusion in the Budd-Chiari syndrome is determined by the ob-
struction of the hepatic blood outflow. Portal and arterial altered flows may be
properly explored by combined use of two nuclear medicine dynamic investiga-
tions, per-rectal portal scintigraphy and liver angioscintigraphy. Radioisotope
techniques allow a more precise diagnosis in different types and stages of the
Budd-Chiari syndrome and highlight the changes of perfusion patterns during
evolution of the disease.

Research frontiers

Scintigraphy investigations proposed by us to explore the Budd-Chiari syn-
drome highlight open portosystemic shunts, liver areas without portal inflow,
hemodynamic involvement of the caudate lobe, inverted flow in the splenic or
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portal vein and length of the obstructions of the hepatic veins or the terminal
portion of the inferior vena cava. The authors described three hemodynamic
categories of the Budd-Chiari syndrome with several subtypes and stages,
based on the finding that perfusion changes depend on the initial number and
succession in time of the hepatic veins obstructions.

Related publications

The authors previously described the use of dynamic nuclear medicine
investigations to evaluate portal hypertension and portosystemic shunts in
chronic liver disease. Clinical applications of the liver angioscintigraphy are
commonly related to hepatic tumors evaluation.

Innovations and breakthroughs

The authors introduced a new method of interpretation for the per-rectal portal
scintigraphy by proposing two new parameters, the transit time of the portal in-
flow through the liver and the transit time of the blood from the right heart to the
liver. These time parameters allow an accurate description of hepatic hemody-
namic changes determined by venous obstructions. The authors used liver an-
gioscintigraphy in the differential diagnosis between the Budd-Chiari syndrome
and portal obstructions, highlighting the absence of the hepatic artery buffer
response in the Budd-Chiari syndrome. The authors showed that portosystemic
shunts are not open after the obstruction of one hepatic vein, while at least sev-
eral weeks are required in the obstructions of two or three hepatic veins for the
spontaneous opening of dynamically efficient portosystemic shunts.
Applications

The hemodynamic data offered by per-rectal portal scintigraphy and angios-
cintigraphy of the liver are especially important for surgery and TIPS mounting.
Diagnosis of the number, length and succession in time of hepatic veins ob-
structions allow identification of hemodynamic varieties and stages of the Budd-
Chiari syndrome and support an adequate therapeutic approach.

Terminology

Per-rectal portal scintigraphy is a dynamic procedure performed by instillation
into the rectum of a small quantity of radioactive tracer followed by recording
its dynamics through the portal vein, liver and heart areas. Liver angioscintig-
raphy is performed by rapid antecubital intravenous bolus injection of a small
quantity of radiotracer followed by recording its entrance into the liver through
the hepatic artery and portal vein, allowing the assessment of an arterial to
total liver perfusion (arterial plus portal) ratio. The Budd-Chiari syndrome is a
vascular liver disease determined by hepatic venous obstruction localized from
the small hepatic veins to the terminal part of the inferior vena cava, resulting in
increased sinusoidal pressure, hepatic congestion and portal hypertension.
Peer review

This is a well thought and comprehensive manuscript on the relevance of using
PRPS and liver angioscintigraphy techniques to investigate the liver hemody-
namics in Budd-Chiari syndrome. The manuscript provides useful and interest-
ing information. It also has potential for clinical application.
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