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lation time between right heart and liver (RHLT). LTT
for each lobe was used to evaluate the early portal
hypertension. RHLT is useful in cirrhosis to detect liver
areas missing portal inflow. We calculated the classical
per-rectal portal shunt index (PRSI) at PRPS and the
hepatic perfusion index (HPI) at LAS.
RESULTS: The normal LTT value was 24 ± 1 s. Abnormal LTT had PPV = 100% for CLD. Twenty-seven noncirrhotic patients had LTT increased up to 35 s (median
27 s). RHLT (42 ± 1 s) was not related to liver disease.
Cirrhosis could be excluded in all patients with PRSI
< 5% (P < 0.01). PRSI > 30% had PPV = 100% for
cirrhosis. Based on PRPS and LAS we propose the classification of CLD in 5 hemodynamic stages. Stage 0 is
normal (LTT = 24 s, PRSI < 5%). In stage 1, LTT is
increased, while PRSI remains normal. In stage 2, LTT
is decreased between 16 s and 23 s, whereas PRSI is
increased between 5% and 10%. In stage 3, PRSI is
increased to 10%-30%, and LTT becomes undetectable by PRPS due to the portosystemic shunts. Stage
4 includes the patients with PRSI > 30%. RHLT and
HPI were used to subtype stage 4. In our study stage
0 had NPV = 100% for CLD, stage 1 had PPV = 100%
for non-cirrhotic CLD, stages 2 and 3 represented the
transition from chronic hepatitis to cirrhosis, stage 4
had PPV = 100% for cirrhosis.
CONCLUSION: LTT allows the detection of early portal hypertension and of opening of transhepatic shunts.
PRSI is useful in CLD with extrahepatic portosystemic
shunts. Our hemodynamic model stages the evolution
of portal hypertension and portosystemic shunts. It
may be of use in the selection of patients for interferon
therapy.
© 2008 The WJG Press. All rights reserved.

Abstract
AIM: To explore portal hypertension and portosystemic shunts and to stage chronic liver disease (CLD)
based on the pathophysiology of portal hemodynamics.
METHODS: Per-rectal portal scintigraphy (PRPS) was
performed on 312 patients with CLD and liver angioscintigraphy (LAS) on 231 of them. The control group
included 25 healthy subjects. We developed a new
model of PRPS interpretation by introducing two new
parameters, the liver transit time (LTT) and the circu-
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INTRODUCTION
The most frequent causes of chronic liver disease (CLD)
are viral infections, ethanol, autoimmune, enzymatic and
metabolic disorders[1,2]. Cirrhosis is the final stage of
CLD[3]. Liver biopsy is still an important diagnostic tool
in CLD[4].
Portal hypertension is a major complication which
appears during CLD evolution. It is defined as an increase of portal blood pressure over 5-10 mmHg. Portosystemic shunts open when the venous portal-liver
gradient becomes higher than 10-12 mmHg[5,6].
There are inferior, superior, anterior and posterior
portosystemic shunts which could communicate with
either inferior or superior vena cava territories. The existence of shunts as well as their blood flow is correlated
to the severity and prognosis of CLD[7-9].
Investigation of portal pressure and portosystemic
shunts may be performed by invasive and non-invasive
methods. Invasive techniques offer the most correct data
because of the direct measure of portal pressure. They
have however a limited clinical use because of risks and
costs[10].
Among the non-invasive methods, ultrasonography
and upper digestive endoscopy are those currently used.
The main parameters measured by ultrasonography to
evaluate the effects of increased blood pressure in the
portal territory are the diameters of portal, splenic and
superior mesenteric veins, together with spleen size and
portal flow velocity. However, dilation of portal territory veins can be seen in only 50% of cases[11,12] and only
35%-80% of cirrhotic patients present esophageal varices at upper digestive endoscopy.
Nuclear medicine offers noninvasive static and dynamic procedures to investigate portal hypertension in
CLD and to estimate the existence of portosystemic
shunts[13].
A classic method is the liver scintigraphy using labeled colloid (planar and SPECT), which offers data
regarding portal hypertension by calculating the capture
ratio between liver and spleen, respectively between the
right and left liver lobes[14,15]. Increased colloid capture in
the bone marrow is characteristic for advanced stages of
portal hypertension.
Per-rectal portal scintigraphy (PRPS) investigates
the hemodynamic importance of portosystemic shunts.
Radio-tracer absorbed from rectum passes through inferior mesenteric vein into portal vein-liver-right heart[16-18].
The per-rectal portal shunt index (PRSI) was introduced
by the classic works of Shiomi and co-authors as the
main parameter calculated at PRPS by analyzing the dynamic curves raised on liver and heart areas[19,20].
Liver angioscintigraphy (LAS) uses the hepatic perwww.wjgnet.com
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fusion index (HPI) to estimate the ratio between the
hepatic artery inflow and total liver perfusion, arterial
plus portal. Increased HPI (> 40%) in CLD shows the
decrease of portal inflow with reactive increase of the
flow through the hepatic artery by activation of the buffer response firstly described by Lautt[21,22]. The decrease
of portal inflow in advanced CLD is mainly determined
by the quantity of blood deviated through portosystemic
shunts[23-25]. In cirrhosis, HPI > 100% highlights the reversion of portal flow.
In this study we improved the interpretation of classical PRPS technique allowing a better characterization
and staging of portal hypertension and portosystemic
shunts.

MATERIALS AND METHODS
PRPS with 99mTc-pertechnetate was performed in 312
consecutive patients there were 116 females and 196
males between 18 years and 80 years old. Their CLD
diagnosis was based on clinical, laboratory, imaging and
morphological data. The final diagnoses of the study
population are shown in Table 1. The etiology of CLD
in 291 patients is presented in Table 2.
LAS was performed on 231 patients with CLD,
randomly selected from the 312 explored by PRPS.
There were 141 males and 90 females, between 22 years
and 77 years old.
Two hundred and four of the 312 patients who underwent PRPS were also investigated by upper digestive
endoscopy: 175 of them had cirrhosis. One hundred
and eleven of the cirrhotic patients who presented with
esophageal varices at upper digestive endoscopy were
followed up for 6 mo after investigation.
The control group for PRPS included 25 healthy
subjects, 11 females and 14 males, between 18 years and
80 years old. The control group for LAS was composed
of 25 healthy subjects, 10 females and 15 males, between
20 years and 78 years old.
PRPS was also performed on one group of 12 patients with complete thrombosis of portal vein in order
to calculate RHLT and to compare its values with those
in healthy subjects. This group included 6 females and 6
males, between 34 years and 73 years old.
All the patients were fasted for at least 12 h before
LAS and PRSI.
Nuclear medicine investigations were made by using
a SPECT Orbiter Siemens gamma-camera with highresolution, low-energy, parallel collimator connected to
a Power Macintosh computer, using ICON dedicated
software.
For PRPS we used 99mTc-pertechnetate eluted from
Drygen generators (General Electric-Amersham, UK).
The colloid used for LAS was Hepatate (General
Electric-Amersham, UK) labeled with 99mTc.
Two enemas were performed in each patient for
PRPS: the first on the evening before the exam, and the
second two hours prior to the examination.
The patients were positioned at PRPS with the
camera detector in the anterior view including the liver
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Table 1 Features of the study population according to the
final diagnosis (n )
Type of disease
Steatosis
Chronic hepatitis
Cirrhosis
Unknown
CLD infirmed
Total

Number of patients
17
69
202
3
21
312

Table 2 Etiology for the patients with chronic liver disease (n )
Etiology
Viral
Alcohol
Mix (viral + alcohol)
Unknown
Total

Number of patients
139
74
6
72
291

and heart areas. A solution containing 2 milliliters of
99m
Tc-pertechnetate (296-370 MBq) was introduced into
the upper part of the rectum, followed by 15 milliliters
of air under pressure. Serial scintigrams were recorded
every 2 s for 3 min. Radioactivity curves were built on
liver and heart areas to show the dynamics of radiotracer absorbed from the rectum.
LAS was performed after antecubital i.v. bolus
injection of 370-440 MBq of 99mTc radio-colloid, with
the patients lying down, in anterior-posterior view.
Collimator area included abdomen and lower part of
thorax. Sequential images were recorded 1/s for 1
min. Right kidney, right liver lobe and spleen dynamic
curves were built. HPI was calculated using the Sarper's
method[26].
The results were compared with clinical diagnosis,
liver biopsy and upper digestive endoscopy. For statistical
evaluation of PRSI we used the Kruskall-Wallis and
Mann-Withney non-parametric tests.
New approach to the per-rectal portal scintigraphy
At the beginning of the research we used for the first
100 patients the classic interpretation of PRPS, based on
the calculation of PRSI for the global area of the liver[16].
All information was stored in the computer.
In the second stage we considered the possibility of
acquiring more useful data in PRPS, by developing a new
model of interpretation. Pertechnetate is not significantly
captured by liver or heart, so that at PRPS the firstpassage histograms built for these organs represent
transit curves, not accumulation curves. This suggests
the importance of time-related parameters. Transit type
of PRPS liver and heart curves is highlighted by dynamic
curves built on the inferior mesenteric vein area. These
curves have the same ascending aspect as the histograms
on liver and heart thereafter produced at first passage
by the same radiotracer flow absorbed from the upper
rectum.
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We introduced LTT as a new parameter useful
for the early phases of CLD where PRSI offers not
enough information. LTT is the time interval between
entrance into the liver and subsequent entrance into the
right heart of the radiotracer absorbed from the upper
rectum, after passing through the mesenteric and portal
veins. LTT was separately measured for each liver lobe
as the time interval between the liver and heart dynamic
histograms. The normal value is 24 ± 1 s. This parameter
is useful for patients without extra-hepatic shunts. In
patients with portosystemic extrahepatic shunts, LTT
cannot be correctly determined by PRPS because the
tracer absorbed from the rectum may arrive at the right
heart faster by passing through shunts than following the
physiological pathway.
PRSI equal to 10% corresponds to LTT equal to
16 ± 1 s. LTT decreased between 16 s and 23 s
cor responds to a PRSI increased up to 10% and
approximates the interval in which only the transhepatic
shunts are open. A PRSI equal to 30% corresponds to
a mean time of 8 s between the liver and heart curves,
but this interval does not have the significance of LTT
because of the flow passing through the extra-hepatic
portosystemic shunts, which arrives at the heart faster
than the tracer passing through the liver.
Liver areas perfused only through the hepatic artery
may be seen in cirrhosis. One lobe or both have, in
such cases, abolished or insignificant portal inflow and
the time between PRPS curves on the heart and on the
area(s) without portal inflow has a maximum value, equal
to RHLT. This is a constant time interval (not related to
CLD) between the entrance of the tracer into the right
heart and its subsequent arrival to the liver following the
route: right heart-lungs-left heart-aorta-hepatic artery.
We measured RHLT in the patients with complete portal
thrombosis as the time interval between heart and liver
curves. In healthy controls, RHLT was measured as the
time interval between the arrival of tracer into the right
heart and the ascending inflexion on the liver histogram
determined by the subsequent arrival of tracer through
the hepatic artery. The value of RHLT was 42 ± 1 s for
both methods.
We performed separate PRPS analyses of the two
liver lobes, which are autonomous in relation to the
blood inflow (Figure 1). No differences between the two
lobes could be found in the control group. We compared
PRPS curves for the two lobes in order to distinguish
subtypes, respectively stages of portal hypertension
evolution. Figure 1 shows the case of a cirrhotic patient
in which time intervals between the heart histogram and
the curves on the two liver lobes are different.
Our PRPS model is based on the two new time
parameters, the classic calculation of PRSI and the
separate evaluation of the two liver lobes.

RESULTS
The distribution for the 312 patients of the PRSI
calculated using Shiomi’s formula is presented in Table 3.
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Table 3 Distribution of all the patients and of those with
cirrhosis according to the per-rectal portal shunt index and to
our classification in 5 stages

20 s

Per-rectal portal
shunt index (%)

L. liver lobe

0-5
5-10
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90
90-100
Total

Heart

42 s

Number of patients
(n )

Cirrhosis

Stage in our
classification

65
13
80

0
5
43

Stages 0 & 1
Stage 2
Stage 3

154

154

Stage 4

42
38
17
10
11
10
18
40
48
312

202

R. liver lobe
0.0
1.0
			

2.0

t /min

3.0

4.0

5.0

Figure 1 Per-rectal portal scintigraphy dynamic curves. Separate analyses of
the two liver lobes for a cirrhotic patient (stage 4b).

There were no correlations of PRPS and LAS
parameters with sex or age (P < 0.01).
As many as 202 of 312 patients investigated with the
PRPS were diagnosed as having a cirrhosis. One hundred
and seventy-five of these underwent upper digestive
endoscopy. Twenty seven patients with advanced cirrhosis
(all of them with PRSI > 30% at PRPS) could not be
explored by endoscopy as deemed too risky. Using ChildPugh classification, the 175 cirrhotic patients investigated
by upper digestive endoscopy were classified as follows:
99 in class A, 38 in class B and 38 in class C.
Only 16 patients from the 93 with PRSI between 5%
and 30% had esophageal varices. Thirty two additional
patients with PRSI < 30% but without varices were
also diagnosed with cirrhosis. As a result, we had a total
number of 48 cirrhotic patients with PRSI < 30%. Five
patients with cirrhosis had discordant low PRSI values
ranging from 5% to 10%, but no cirrhotic patient had
normal PRSI (< 5%). All the patients with PRSI > 30%
had cirrhosis, so we used PRSI = 30% as an upper limit
value for chronic hepatitis.
The PRSI was significantly higher in cirrhotic
patients than in chronic hepatitis (P < 0.01). The median
value for PRSI was 5% for the control group, 5% for the
patients with steatosis, 6% for the patients with chronic
hepatitis and 73.5% for the cirrhotic patients. The sums
of ranks for the PRSI values based on Kruskall-Wallis
test for the healthy subjects and stages of CLD are
shown in Table 4 (P = 0.000). Using the Mann-Withney
test we showed that there was a significant statistical
difference between PRSI for patients with chronic
hepatitis and the controls (P = 0.0003), between patients
with cirrhosis and those with chronic hepatitis (P =
0.0000) and respectively between patients with cirrhosis
and controls (P = 0.0000).
www.wjgnet.com

Table 4 Statistical analysis of the per-rectal portal shunt
index for healthy subjects and for the different stages of
chronic liver disease using Kruskall-Wallis test
Disease
CLD infirmed
Steatosis
Chronic hepatitis
Cirrhosis

Number of patients (n )

Sum of ranks

21
17
69
202

759.5
1201.5
5004.5
40929.5

Kruskall-Wallis test: H (3, n = 309) = 169.5024, P = 0.000.

One hundred and eleven patients with esophageal
varices and PRSI > 30% were followed up for 6 mo;
51 of these had experienced previous upper digestive
bleeding. During the follow up, 17 of these patients had
an episode of upper digestive bleeding (11 as first time,
6 as recurrence). All our patients with upper digestive
bleeding had PRSI > 70% (mean of 88%). The 94
patients from the group of 111 with esophageal varices
who had not upper digestive bleeding during the follow
up had a mean value of PRSI equal to 46.75%. We had
no patients with upper digestive bleeding among those
with PRSI < 30%, even if they had esophageal varices at
upper digestive endoscopy.
These results show the diagnostic value of the classic
parameter PRSI. A PRSI < 5% had a NPV = 100%
for cirrhosis, while a PRSI > 30% had PPV = 100%
for cirrhosis. A PRSI > 70% was associated with a high
risk of upper digestive bleeding (P < 0.01), while with
a PRSI < 30% no variceal bleeding was encountered.
However, using only PRSI is not always possible to
make the differential diagnosis between chronic hepatitis
and cirrhosis or between chronic hepatitis and healthy
subjects.
Using LTT parameter originally introduced by us at
PRPS we were able to find more data about the early
stages of portal hypertension, when PRSI cannot offer
enough information. In healthy subjects, LTT was 24 ± 1 s.
The distribution of LTT in patients with PRSI smaller
than 10% (LTT > 16 s) is shown in Table 5. For the 27
non-cirrhotic CLD patients who had prolonged LTT
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Average counts/s

B

0.0
0.0
2.0
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C
Heart

Liver

0.5
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2.0

2.5

Heart
1.0

1.5

2.0

2.5

0.3

Heart
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2.5
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42 s
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1.0

1.5

2.0

2.5
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Figure 2 Per-rectal portal scintigraphy. A: Stage 0, normal aspect. LTT =
24 s, PRSI < 5%; B: Stage 1. LTT increased (33 s). PRSI < 5%; C: Stage 2.
Decreased LTT (18 s), PRSI slightly increased (8%); D: Stage 4c. Time between
heart and liver curves is equal to RHTL = 42 s. Cirrhosis with undetectable
portal inflow to the both lobes.

Table 5 Liver transit time and distribution in stages of the
patients with the per-rectal portal shunt index lower than 10%
Per-rectal
shunt index

Mean value of liver
transit time (s)

Etiology Number of Stage in our
patients (n ) classification

Right lobe Left lobe
< 5%

24
25
31
31.5

5%-10%

28
24
29

19.5

viral
alcoholic
viral
viral +
alcoholic

0.3

0.4

0.5 min 0.6

2.0

1.0

Liver
0.0
0.0

0.1

0.2

0.3

0.4

0.5 min 0.6

Liver
2.0

R. Kidney

1.0

R. Kidney

Heart
0.0

0.2

R. Kidney

C

Liver

0.1
0.0

0.1

3.0

3.0 min 3.5

0.4

0.2

Rectum

0.0
3.0

A-P

0.3

Liver

G1

0.0

Heart

Average counts/s

D

0.0
0.0

Rectum
Heart

R. Kidney

0.4
0.2

Liver

3.0 min 3.5

Liver

0.5

1.0

G2

Heart

0.5

Kidney

2.0

B

1.0
0.5

Liver

3.0

3.0 min 3.5

Liver

0.1

A-P

R. Kidney

A-P

1.5

0.0
0.0
0.7
0.6

Rectum

Average counts/s

A-P

4.0

Liver

Average counts/s

1.0

Average counts/s

Porta

Heart

A

Average counts/s

Liver

Heart

Average counts/s

1.5

A
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38
10
6
7
4

Stage 0
Stage 1a
Stage 1b
Stage 1c

13

Stage 2

(> 25 s), the median value was 27 s. LTT determined
at PRPS has hemodynamic significance as it shows the
time required at first-passage by the main part of portal
inflow of radio-tracer to arrive to right heart through the
liver.
RHLT measured in the control group and in patients
with complete portal thrombosis is 42 ± 1 s. We used
it to identify cirrhotic patients with undetectable portal
inflow to one liver lobe or both. Other causes of portal
flow interruption (thromboses, compressions) were
excluded by ultrasonography.
HPI was used in our study to show the reactive
increase of arterial flow due to the decreasing of portal

0.0

0.0

0.1

0.2

0.3

0.4

0.5 min 0.6

Figure 3 Liver angioscintigrahy. A: Normal aspect. HPI = 30%. G1 = arterial
inflow segment; G2 = portal inflow segment; B: Cirrhotic patient. HPI = 60%; C:
Cirrhosis with reversed portal flow. HPI = 130%.

inflow (HPI > 40%) and to identify those cirrhotic
patients with reversed portal flow (HPI > 100%).
Staging of portal hypertension and portosystemic
shunts
Using the above shown data we propose a hemodynamic
model in 5 steps to stage the evolution of portal
hypertension and portosystemic shunts on physiopathological basis using nuclear medicine dynamic
investigations (PRPS and LAS).
The 5 stages of portal hypertension and portosystemic shunts proposed by us are the following: (1) Stage 0
is normal: PRSI < 5%, LTT = 24 ± 1 s (Figure 2A), HPI
< 40% (Figure 3A); (2) Stage 1 is characterized by PRSI
< 5% (normal), but LTT is increased over 25 s at least
on one lobe (Figure 2B). HPI is normal. For stage 1 we
found 3 subtypes according to the liver lobe(s) with prolonged LTT: (a) Subtype 1a, with increased LTT for the
left lobe, but with normal or slightly decreased LTT for
the right lobe; (b) Subtype 1b, with increased LTT for the
right lobe and with normal or slightly decreased LTT for
the left lobe; (c) Subtype 1c, with increased LTT for the
both lobes; (3) Stage 2 is characterized by decreased LTT
for both lobes, between 16 s and 23 s. PRSI is slightly
increased, between 5% and 10% (Figure 2C). HPI calculated at LAS is currently at the upper normal limit or
slightly increased, up to 45%; (4) Stage 3 is characterized
by a moderately increased PRSI, between 10%-30%. Time
interval between the hepatic and heart curves is decreased
between 8 s and 16 s, but it is no more equal to LTT due

www.wjgnet.com

3846

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

to the shunts. HPI is moderately increased, usually up to
50%-55%; (5) Stage 4 is characterized by PRSI > 30%.
HPI is increased over 60%-70%. Liver curve precedes
heart curve with less than 8 s or heart curve precedes liver
curve (when PRSI > 50%). We found 4 subtypes of stage
4, according to the lobe(s) with undetectable or reversed
portal flow: (a) Subtype 4a: heart curve precedes the hepatic histograms on both lobes with less than 42 s. Both
lobes have portal inflow; (b) Subtype 4b: Cardiac curve
precedes right liver lobe histogram with 42 s and the left
liver lobe histogram with less than 42 s. There is still a
portal flow to the left lobe, but the portal inflow to the
right lobe is undetectable (Figure 1); (c) Subtype 4c: PRSI
> 95%. Time between heart and both liver lobes curves is
equal to RHLT = 42 s (Figure 2D). PRPS cannot detect
portal inflow to any of the hepatic lobes. For subtypes
4a, 4b and 4c, the HPI is increased over 60%, but smaller
than 100% (Figure 3B); (d) Subtype 4d: HPI at LAS is
higher than 100% (Figure 3C). The time between PRPS
heart curve and both liver lobes histograms is 42 s. Portal
flow is reversed.

DISCUSSION
Stage 0 includes the subjects without CLD. There are
no portal flow changes. In our study, stage 0 had NPV
= 100% for CLD. The tracer absorbed at PRPS from
the rectum reaches the liver through the physiological
pathway (inferior mesenteric and portal veins).
In stage 1, it is possible to detect the earliest changes
that affect either one lobe or both, determined by the
increased resistance opposed by liver to portal inflow.
Portal flow velocity decreases and LTT is consequently
increased. In our study stage 1 had PPV = 100% for noncirrhotic CLD. In this stage the transhepatic and extrahepatic shunts are not open and the arterial inflow is normal.
We encountered subtype 1a in patients with chronic viral
hepatitis, subtype 1b in alcoholic etiology and subtype 1c
in viral and mix (viral + alcohol) etiologies.
Stage 2 theoretically corresponds to the dilation of
part of transhepatic pathways between portal and hepatic
veins as a result of the portal pressure which is increased
at higher values than in stage 1. The blood passes faster
through these dilated transhepatic shunts than through
sinusoids [27,28]. LTT is consequently decreased. Our
threshold PRSI = 10% between stage 2 and stage 3 was
selected based on the correspondence of this PRSI value
with LTT = 16 ± 1 s. Extrahepatic shunts are not open
and arterial inflow remains normal (hepatic artery buffer
response is not activated). Stage 2 theoretically appears
when the increased resistance opposed by liver to the
portal inflow produces a higher portal pressure which
is able to enlarge transhepatic pathways, but is not high
enough to open extrahepatic shunts. As stage 1, stage 2
has PPV = 100% for CLD, but stage 2 includes not only
chronic hepatitis, but also cirrhotic patients, showing a
more advanced stage of portal hypertension than stage
1. 38.46% of our 13 patients in stage 2 had cirrhosis, the
other 61.54% had chronic hepatitis.
A steady state between stage 1 and stage 2 may
www.wjgnet.com
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appear in cases with the resistance (and LTT) increased
on one more affected liver lobe and with redirecting of
an increased percentage of the portal inflow through
the other lobe. In such cases, the lobe less affected
may encounter opening of transhepatic shunts due
to its higher portal inflow (with consequently slightly
decreased LTT, like in stage 2), while the more affected
lobe has prolonged LTT (characteristic for stage 1).
Stage 3 is theoretically characterized by the opening
of extrahepatic shunts, added to the transhepatic
dilated pathways already present from stage 2. Low flow
extrahepatic shunts appear when the transhepatic shunts
are no more able to compensate the higher values of
portal pressure. The inferior per-rectal portosystemic
shunts are in most cases the first extrahepatic shunts
which open. The cause is the pressure gradient between
inferior mesenteric vein and inferior vena cava territories,
which is lower than the pressure gradient between portal
vein and superior vena cava. The portal inflow to the
liver decreases due to shunted flow and PRSI increases
over 10%. A reactive increase of the arterial liver inflow
due to the activation of the buffer mechanism of the
hepatic artery is reflected at LAS by HPI > 40%. 53.75%
of our 80 patients in stage 3 had cirrhosis, the other
46.25% had chronic hepatitis.
Stage 4 in our study had PPV = 100% for cirrhosis.
Theoretically, stage 4 involves shunts open to the territory of superior vena cava, which has a higher diameter
and increased flow[29]. PRPS shows diminished or abolished portal inflow to one or both liver lobes, with PRSI
> 30%. In stage 4, the tracer absorbed at PRPS from the
rectum usually arrives faster to the right heart (through
the portosystemic shunts and caval veins) than to the
liver through the physiological pathway. Inverted order
of heart and liver curves may be thus seen in advanced
cases, corresponding to PRSI > 50%. In patients with
undetectable portal inflow to one or both lobes (subtypes
4b, 4c, 4d), the tracer absorbed from the rectum reaches
those liver areas only through the hepatic artery and
time interval between the heart and liver curves is equal
to RHLT = 42 s. Subtype 4b appeared more frequently
in alcoholic CLD. In our study, we did not have patients
with abolished inflow to the left lobe and maintaining
portal inflow to the right lobe, but such cases may theoretically exist.
Figure 1 shows a case where the interval between
heart and left liver lobe curves was equal to 20 s (left
lobe maintained a low portal inflow) while the time
interval between heart and right liver lobe histograms
was equal to RHLT = 42 s (the right lobe received tracer
only through hepatic artery).
In our group, the number of patients in early stages
(1 and 2) was lower than in advanced stages (3 and 4).
This could be explained by the fact that few patients in
early CLD stages were hospitalized and/or proposed
for nuclear medicine dynamic liver investigations. Moreover, stage 2 is theoretically an intermediate stage in the
natural history of CLD and of the portal hypertension,
so it lasts a short time compared to the evolution of the
disease.
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Our experience confirmed that at PRSI > 70% the
risk of upper digestive hemorrhage is increased[17,30].
The classical parameter PRSI allows only a rough
characterization of non-cirrhotic patients. PRSI gives no
information about early increased resistance opposed by
liver to the portal inflow or about the existence of transhepatic shunts, the first that open due to the portal hypertension. Another diagnostic limitation in using PRSI
alone is the fact that there are patients with chronic
hepatitis but who have normal PRSI, lower than 5%.
Our model using LTT besides PRSI allows a very
early diagnosis of portal hypertension, represented by
stages 1 and 2. Changes of liver dynamic resistance opposed to portal inflow could be shown in these early
stages, at a moment when morphological effects on the
portohepatic circulation are not detectable. The diagnosis of early hemodynamic changes determined by
portal hypertension could be the basis for an appropriate
therapy in a stage when the disease is reversible. Thus,
we propose LTT as the main parameter of PRPS in the
evaluation of early stages of portal hypertension. PRSI
remains a very useful parameter for portal hypertension
and portosystemic shunts in advanced stages of CLD.
Staging of portal hypertension has implications in the
selection of patients for the treatment. Hemodynamic
pathophysiolog y infor mation offered by nuclear
medicine dynamic investigations may improve also the
selection of patients for interferon therapy.
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Background

Portal hypertension and portosystemic shunts are severe complications of chronic
liver disease (CLD). Their evaluation could be considered a dynamic marker of
the progression of the disease. Ultrasonography and upper digestive endoscopy
are usually performed to evaluate their existence and hemodynamic importance.
Nuclear medicine techniques like per-rectal portal scintigraphy (PRPS) and liver
angioscintigraphy (LAS) can offer valuable supplementary information.

Research frontiers

Doppler ultrasonography and MRI are continuously increasing their accuracy
in exploring portal hypertension and portosystemic shunts. PRPS is usually
performed to investigate the advanced stages of CLD. The classical PRPS
parameter per-rectal portal shunt index (PRSI) is useful in cases with open
portosystemic shunts. Our research improves the diagnosis possibilities of PRPS
especially in early stages of CLD by introducing two new time parameters. The
early diagnosis of CLD and the therapy (including the selection of patients for
interferon therapy) may be improved using dynamic scintigraphy data.

Innovations and breakthroughs

We introduced two new parameters at PRPS, respectively liver transit time (LTT)
and right heart to liver transit time (RHLT). LTT is useful in early stages of portal
hypertension, before the opening of extrahepatic portosystemic shunts. LTT
allows the diagnosis of early increase of liver resistance opposed to portal inflow
and of the opening of transhepatic shunts. RHLT is useful in advanced CLD
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stages to detect liver areas missing portal inflow. We propose the classification
of portal hypertension and portosystemic shunts in 5 hemodynamic stages,
characteristic for the progression of the disease. We introduce the separate
evaluation of the two liver lobes at PRPS, used to subtype the stages 1 and 4.

Applications

Using LTT as a basic parameter, PRSI allows the detection of early stages of
portal hypertension, which are reversible under proper therapy. Our method can
also distinguish between the 1st stage of portal hypertension, with increased
resistance opposed by liver to portal inflow, without shunts, and the 2nd stage,
characterized by the opening of transhepatic shunts. The new parameter
RHLT and the hepatic perfusion index (HPI) calculated at LAS allow a better
characterization of liver hemodynamics in advanced cirrhosis. We confirm the
results of other studies showing that at PRSI > 70% the risk for upper digestive
bleeding increases. The classification of portal hypertension and portosystemic
shunts in 5 hemodynamic stages is useful for clinicians, in order to have a more
accurate view of the patients with CLD. A better understanding of hemodynamic
status of border-line cases between chronic hepatitis and cirrhosis may also
improve the selection of patients for interferon therapy. Patients with PRSI
between 5%-30% (stages 2 and 3 in our classification) require a precise
evaluation in order to choose an adequate therapy. Correlation of dynamic
nuclear medicine techniques with other non-invasive methods makes it possible
to avoid liver biopsy for guiding the treatment in border-line patients between
chronic hepatitis and cirrhosis. Dynamic follow-up of patients under interferontreatment may be useful to adjust the therapy. Based on calculation of LTT,
PRPS may be used to determine whether the early portal pressure reducing
effect of anti-viral therapy is maintained in the long term, especially in sustained
viral responders. It can be also helpful to evaluate whether long-term use of
anti-viral therapy may delay the appearance and decrease the severity of portal
hypertension manifestations.

Terminology

Per-rectal portal scintigraphy (PRPS) is a dynamic nuclear medicine technique
which investigates the existence and hemodynamic importance of portal
hypertension and portosystemic shunts. A radiotracer introduced in the upper
rectum is absorbed and follows the next pathway: inferior mesenteric veinportal vein-liver-right heart. Dynamic curves built on liver and heart allow the
calculation of specific parameters. Liver transit time (LTT) determined at PRPS
is the time interval between entrance into the liver and subsequent entrance
into the right heart of the radiotracer absorbed from the rectum, after passing
through mesenteric and portal veins. Right heart to liver transit time (RHLT)
represents at PRPS a constant time interval (not related to liver disease)
between the entrance of the tracer into the right heart and its subsequent
arrival to the liver following the next route: right heart-lungs-left heart-aortahepatic artery. Per-rectal portal shunt index (PRSI) is a parameter calculated
at PRPS by analysis of dynamic curves built on liver and heart areas. Liver
angioscintigraphy (LAS) is a dynamic nuclear medicine method based on i.v.
antecubital administration of a radio-tracer and subsequent analyses of the liver
dynamic curve which is determined at first passage by both hepatic artery and
portal inflows of tracer. Hepatic perfusion index (HPI) is a parameter calculated
at LAS which estimates the ratio between hepatic artery inflow and total liver
perfusion, arterial plus portal.

Peer review

This is a well done study probably not completely well presented where
Dragoteanu and coworkers used per-rectal portal scintigraphy and liver
angioscintigraphy in 312 and 231 CLD patients and 25 controls to calculate
hepatic perfusion index (HPI) and other new hemodynamic parameters and
classify portal hypertension and porto-caval shunts in 5 hemodynamic stages,
which are specifically for the progression of CLD.
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