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Tabic 1
Paticat demographic data

HCC (n=11) FNH {(n=10)

SCTA acquisition [ 4
Agg in years {mean) 638 362
Sex (male:female) 6:5 6:4
Underlying liver discase
None 2
HBYV 3
HCV 5
i
5

Algobolic cirthosis
Size in millimeters {mean) 45
Confirmation of diagoosis
Opcration
Biopsy
Clinical
Pathological diagnosis
Well differentiated
Moderately differentiated
Poorly differentiated
Combined
FNH 4

.3 273
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in the liver parenchyma because of 75 shortening [11]. In
HCC, the number of Kupffer cells decrease; thus, SPIO does
not accumulate in HCC, and hence, HCC shows hyper-
intense lesion [12]. On the other hand, the number of Kupffer
cells increases in FNH [13], and as a result, SPIO
accumulates in the lesion, and thus, the signal of the lesion
decreases. While this is useful to distinguish FNH from other
lesions {14], sometimes we encounter difficult cases because
of only a slight signal decrease.

Thus, we thought that it would be useful to acquire liver
lesion images reflecting the hemodynamic status in addition
to SPIO-enhanced MRI. The strong susceptibility effect of
SPIO enables evaluation of liver lesion vascularity using
rapid injection and acquisition echo-planar sequence {15,16].
This method allows acquisition of several slices quickly and
repeatedly and makes it possible to grasp the hemodynamics
of liver lesions. We performed perfusion studies with SPIO
and compared it to SCTA with regard to the possibility of
acquiring images reflecting the hemodynamics in HCC
and FNH.

2. Materials and methods

This study was performed in accordance with the Helsinki
Declaration, and written informed consent was obtained
from all patients.

The SPIO perfusion results in 21 patients were evaluated
retrospectively. The subjects included 11 HCC (6 men and
5 women, mean age=63.8 years) cases and 10 FNH (6 men
and 4 women, mean age=36.2 years) cases. SCTA was also
performed in nine HCC cases and four FNH cases.
Demographic data are shown in Table 1. Among the 11
HCC cases, 2 had no underlying liver disease, while 3 had
hepatitis B, 5 had hepatitis C, and 1 had alcoholic cirrhosis.

None of the FNH cases had an underlying liver discase. The
confirmation of HCC was by operation in three cases, by
percutaneous biopsy in five cases, and clinically in three
cascs, based on elevation of tumor marker and typical
radiologic findings [1]. Pathological diagnoses were well
differentiated in two cases, moderately differentiated in five
cases, and combined in one case. The confirmation of FNH
was by operation in onc case, by percutancous biopsy in three
cases, and clinically in six cases by observation of Iesion
stability for a minimum of 1 year and typical radiologic
findings [3~5]. A central scar was observed in three lesions.
The dimension of the lesion was measured using the resected
specimen or plain T-weighted or T)-weighted images. The
dimension of HCC was 45.3+30.3 mm and that of FNH was
27.3%3.8 mm.

2.1. Single-slice CT during arteriography

Angiography-assisted CT was performed with a 16-
detector multidetector-row CT (Light Speed 16, General
Electric, Milwaukee, MN). After CT during arterial
portography and CT hepatic arteriography were performed,
celiac arteriography. superior mesenteric arteriography, and
common hepatic arteriography were performed, and then
the catheter was advanced into the proper, right, or left
hepatic artery. SCTA was performed with the infusion of
3 ml of contrast media (Jomeprol, Eizai, Tokyo, Japan,
350 mgl/ml) at a rate of | ml/s in the proper, right, or left
hepatic artery using a power injector. Two slices at the
center of the target lesion were chosen. Scanning began
immediately before initiation of the injection of contrast
media with 0.8 s per rotation. A 40-s continuous scanning
technique [auto mA (max, 440 mA), 120 kVp] without
table feed was used to obtain two sections with a thickness
of 10 mm, a beam collimation of 20 mm, and a field of
view (FOV) of 22-25 c¢m. The patients were instructed to
hold their breath as long as possible during scanning. The
images were sorted at each section and observed by both
cine mode and manual mode.

2.2. SPIO perfusion study

The interval between angiography-assisted CT and MRI
was less than 1 month. The MR examinations were
performed with 1.5-T superconducting MR units {Avanto,
Siemens, Erlangen, Germany). After Ti-weighted and 7~
weighted images were obtained, the SPIO perfusion study
was performed. Bolus injectable ferucarbotran (Resovist,
Bayer Schering Pharma, Osaka, Japan) was used. A total
dose of 1.4 ml of ferucarbotran was uscd per patient.
Ferucarbotran was rapidly administered at a rate of 2 mi/s by
pushing with 40 ml of physiological saline using a power
injector. Because the dose of ferucarbotran was very low, it
could not be placed in the power injector; therefore, it was
pooled in the elongation tube and pushed with physiological
saline. For the perfusion study, the echo-planar method (EPI)
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Fig. 1. A 52-ycar-old man with HCC. (A) SCTA. (B) SP10 perfusion study, SCTA shows centripetal enhancement in the tumor and corona cnhancement (arrow).
The SPIO perfusion also shows the same enhancement pattern direction and signal reduction in the area surrounding the tumor afler transient signal reduction in
the tumor (arrowhead). The signal reduction surrounding the tumor corresponds to corona enhancement in SCTA.

was cmployed. In the 12 initial patients, the scan parameters
were as follows: TR, 1150 ms; TE, 20 ms; FA, 70°; EPI
factor, 154; matrix, 192x154; bandwidth, 1628 Hz per pixcl;
FOV, 286--350 mm. Slice thickness was 7 mm. In the
sequence using fat saturation and parallel imaging, the
generalized autocalibrating partially parallel acquisition
algorithm was utilized with an acccleration factor (iPAT

factor) of 2. Imaging was obtaincd beforc administration of
contrast media and 2 s afier the start of administration;
images were taken during a breath-hold of more than 20 s.
Fifteen slice images were obtained per 1.2 s. In the latter nine
patients, the scan parameters were changed to improve the
time resolution; acquisition slices decreased by six slices
and six slice images were obtained per 046 s. The scan
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Fig. 2. A 34-ycar-old man with FNH. (A) SCTA. (B) SPIO perfusion study. SCTA shows centrifugal enhancement in the Iesion. Fibrous septa and central
scars are observed in the lesion. SPIO perfusion study also shows the same dircction of the enhancement paticrn. Corona enhancement is not obscrved by

both modalitics.

parameters were as follows: TR, 460 ms; TE, 20 ms; FA, 90°;
matrix, 192x156. The other parameters remained
unchanged. After 3 min of administration, 7Tj-weighted
images were obtained. Ten minutes after administration, 7'-
weighted fast spin-echo images and T¥-weighted images
were taken. The images were sorted at each section and
obscrved by both cine mode and manual mode.

2.3. Image analysis

2.3.1. SCTA versus SPIO perfusion study

SCTA was observed by two doctors whose specialty was
liver imaging (16 and 6 years’ ecxperience), without patient
information. The cvaluation item included the vascularity of
the lesion, the direction of the enhancement, and the presence
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of corona enhancement. The vascularity was classified as
hypervascular, isovascular, or hypovascular, in comparison
to surrounding liver parenchyma. The direction of the
enhancement was classified into centrifugal, centripetal, or
all over the lesion simultaneously. Conceming the corona
enhancement [8], it was identified as present or absent.

After evaluation of SCTA, we evaluated the SPIO
perfusion study without patient information. The cvaluation
was performed by the same two observers after an interval of
more than 2 weeks in order to prevent bias. The rapid
decrease in the lesion signal corresponded to the lesion
vascularity [15,16]. The cvaluation of the enhancement
direction in the lesion was the same as that in SCTA,
classified into centrifugal, centripetal, or all over the lesion
simultaneously. A decreasc in the signal of the area
surrounding the lesion after the transient signal decrease in
the lesion, which corresponded to the corona enhancement,
was observed, and any signal changes were recorded.

The two observers evaluated by consensus reading, and in
case of disagreement, they had a discussion until a decision
was made.

2.3.2. SPIO perfusion study

The vascularity of the lesion, the direction of the
cnhancement in the lesion, and the presence of the decrease
in the signal of the liver parenchyma surrounding the lesion
after the transient signal decreasc in the lesion were
evaluated (=21 subjects, including those who only under-
went SPIO perfusion).

3. Results
3.1. SCTA and SPIO perfusion study

3.1.1. Vascularity of the lesion

All 13 lesions appeared hypervascular on SCTA. All of
the lesions showed a rapid decrease in lesion signal on SPIO
perfusion (Fig. 1).

3.1.2. Direction of blood flow in the lesion

HCC showed centripetal enhancement in four patients,
total enhancement simultancously in three patients, and
centrifugal enhancement in two patients on SCTA. The
findings of SPIO perfusion almost completely agreed with
the findings of SCTA.

FNH showed centrifugal enhancement in two patients,
centripetal enhancement in one patient, and total enhance-
ment simultaneously in one patient (Fig. 2). The findings of
SPIO perfusion almost completely agreed with the findings
of SCTA.

3.1.3. Corona enhancement

Eight of nine HCC patients showed corona enhancement
in SCTA. Onc paticnt, whose exogphytic lesion was con-
firmed to be well-differentiated HOC by resection, showed

no corona enhancement. The findings of SPIO perfusion
substantially agrecd with the findings of SCTA (Fig. 1)
except for this exophytic lesion.

FNH showed no corona enhancement on SCTA in all four
patients. No decrease in the signal of the arca surrounding
the lesion after rapid decrease in the signal of the lesion was
observed on SPIO perfusion (Fig. 2).

3.2. SPIO perfusion study

3.2.1. Vascularity of the lesion
All 21 patients showed a rapid decrease in the lesion

sigral.

3.2.2. Direction of blood flow in the lesion

Among 11 HCC patients, the enhancement pattern in the
lesion was centripetal in 6, total enhancement simulta-
neously in 3, and centrifugal in 2 patients.

in the 10 FNH patients, the cnhancement pattern in the
lesion was centripetal in |, total enhancement simuita-
neously in 1, and centrifugal in 8 patients.

3.2.3. Corona enhancement

A decrease in the signal of the liver parenchyma
surrounding the lesion after the rapid decrease in the signal
of the lesion was observed in 10 of 11 HCC. The only lesion
in which it was not observed was the exophytic HCC.

No decrease in the signal of the liver parenchyma
surrounding the lesion after the rapid decrease in the signal
of the lesion was seen in any FNH case.

4, Discussion

We set out to determine whether SPEO perfusion would be
effective not only as a contrast medium for FNH and HCC
but also to obtain useful hemodynamics information. We
supposed that it would be possible to observe the vascular
structure in the lesion and of the drainage vein, as in
angiography-assisted CT {9], because SPIO perfusion
studies could allow repeated scanning of multislices during
very short times [13,16]. The spoke-wheel appearance of
centrifugal spreading vessels of the feeding artery is a weli-
known finding in FNH {5]. We expected to observe this
finding with SPIO perfusion as well. On the other hand, it
has been reported that corona enhancement indicates
drainage vessels from the tumor indirectly [8] based on
studies of angiography-assisted CT, and we also expected to
obtain this finding by SPIO perfusion. SPIO perfusion has
the advantages of being less invasive and not involving
radiation exposure, in comparison to angiography-assisted
CT. Moreover, we expected that SPIO perfusion could
provide new additional information.

We confirmed the possibility of the evaluation of tumor
vascularity as in previous studies {15,16] and also the
possibility of evaluating the direction of turnor enhancement.
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The ¢valuation of the direction of tumor enhancement with
angiography-assisted CT and dynamic US under intra-
arterial injection of carbon diexide microbubbles has been
reported [7.9], but these examinations could not describe
multisections, which makes the description of centrifugal
enhancement not necessarily easy. A spoke-wheel appear-
ance was seen in 57-90% of FINH patients {5,6]; thus, not
only was it not always possible to detect, but the possibility
of false negative results had to be confirmed by multisection
scanning as well. SPIO perfusion has the potential to
compensate for these faults and, therefore, appears useful,

SPIO perfusion also showed the signal loss in parench-
yma surrounding the turor after transient signal loss of the
tumor, which corresponded to corona enhancement in cases
of HCC. On the other hand, a signal change corresponding to
corona enhancement could not be seen in cases of FNH, and
thus, it was possible to evaluate drainage vessels indirectly
by the SPIO perfusion study. Fukukura et al. [10] reported
that FNH had two drainage pathways: one pathway was
venous drainage connected directly to the central or hepatic
veins surrounding the lesions, while the other pathway was
through the intranodular sinusoids that are connected to
sinusoids in the surrounding liver. Ueda ¢t al. [9] observed
the contour of the lesion enhancement changing from an
irregular shape to a round shape in the late phase of SCTA,
and this finding indicated that the drainage was through the
intranodular sinusoids that are connected to sinusoids in the
surrounding liver. We did not encounter this type, but if the
main drainage vessels arc through the intranodular sinusoids
to sinusoids in the surrounding liver, this might cause signal
loss in the surrounding liver. Biopsy may be necessary to
diagnose such cases.

In this study, CT was repeated on the same slices every
0.8 s in SCTA, and MRI was repeated on the same slices
every 1.15 s in the initial 12 cases. SPIO perfusion had a
disadvantage in time resolution; nevertheless, there was no
difference in evaluation of the direction of the lesion
enhancement. In the last nine cases, SPIO perfusion repeated
scanning on the same slices every 0.46 s, and hence, the time
resolution of SPIO perfusion was superior to that of SCTA.
On the other hand, the spatial resolution of SPIO perfusion
was inferior to that of SCTA, but it was enough to evaluate
the direction of the lesion enhancement.

Gd-DTPA or SPIO has previously been used for the
evaluation of perfusion in tumor [15-17}. Echo-planar
sequences were used in all reports. Gd-DTPA is an
extracellular contrast media, and it rapidly distributes in
extravascular spaces after administration. However, SPIO
presents intravascular space in the early phase and is
gradually phagocytosed by reticuloendothelial cells. SPIO
passes into the turnor vessels and has a transient signal loss
because of its susceptibility effect; thus, the contrast medium
distributing in extravascular spaces is not desirable. There-
fore, contrast medium that is limited to intravascular space is
advantageous to observing hemodynamics in and around the
tumor. That is why we used SPIO in this study.

The timitation of this study was that we could not
compare the findings of SPIO perfusion with resccted
specimens in detail, but we made a comparison with SCTA, a
standard for diagnosis of hemodynamics in hepatic lesions,
and were able to show that the findings of SPIO perfusion
were comparable with those of SCTA. In this study, the
subjects of HCC were overt HCC, and no hypovascular HCC
cases were included. Concemning this point, we believe that it
would not be difficult to distinguish hypovascular nodules
from FNH.

In conclusion, SPIO perfusion is useful to evaluate the
hemodynamics of hypervascular hepatocellular nodules and
has the advantages of being nopinvasive and not involving
radiation exposure. SPIO not only is effective as a liver-
specific contrast agent but also provides hemodynamics
information concerning liver lesions.
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Effects of intermittent Pringle’s manoeuvre on cirrhotic
compared with normal liver
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Background: Although patients with liver cirrhosis are supposed to tolerate ischaemia-reperfusion
poorly, the exact impact of intermittent inflow clamping during hepatic resection of cirrhotic compared
with normal liver remains unclear.

Methods: Intermittent Pringle’s manoeuvre was applied during minor hepatectomy in 172 patients with
a normal liver, 59 with chronic hepatitis and 97 with liver cirrhosis. To assess hepatic injury, delta
(D)-aspartate aminotransferase (AST) and D-alanine aminotransferase (ALT) (maximum level minus
preoperative level) were calculated. To evaluate postoperative liver function, postoperative levels of total
bilirubin, albumin and cholinesterase (ChE), and prothrombin time were measured.

Results: Significant correlations between D-AST or D-ALT and clamping time were found in each
group. The regression coefficients of the regression lines for D-AST and D-ALT in patients with normal
liver were significantly higher than those in patients with cirrhotic liver. Irrespective of whether clamping
time was 45 min or less, or at least 60 min, D-AST and D-ALT were significantly lower in patients
with cirrhosis than in those with a normal liver. Parameters of hepatic functional reserve, such as total
bilirubin, prothrombin time, albumin and ChE, were impaired significantly after surgery in patients with
a cirrhotic liver.

Conclusion: Patients with liver cirrhosis had a smaller increase in aminotransferase levels following
portal triad clamping than those with a normal liver. However, hepatic functional reserve in those with
a cirrhotic liver seemed to be affected more after intermittent inflow occlusion.

Paper accepted 1 February 2010
Published online 28 April 2010 in Wiley InterScience (www.bjs.co.uk). DOI: 10.1002/bjs.7039

introduction Although hepatic inflow occlusion can also result
in hepatic ischaemia-reperfusion (IR) injury, especially
in patients with a cirrhotic liver’~?, there are few
convincing clinical data regarding differences in tolerance
to intermittent ischaemia and reperfusion between normal
and cirrhotic liver. Experimental data obtained in
rats suggest that after IR injury the serum level of
aminotransferase, which is widely used as a marker of
liver injury, is significantly higher in animals with cirrhotic
rather than normal liver'®!!. The purpose of this study
was to investigate the impact of intermittent ischaemia and

Cirrhosis is a major risk factor for liver surgery. Even
when liver resection is restricted to patients with well
preserved liver function and no portal hypertension,
morbidity is still high. As recently as two decades ago,
the perioperative mortality rate was reported to exceed
10 per cent when hepatic resection was performed in
patients with cirrhosis, compared with less than 4 per cent
for those without cirrhosis!. Excessive bleeding during
hepatectomy and the need for blood transfusion are

associated with increased postoperative morbidity as well
as poorer long-term outcome in patients with primary and
secondary malignancies’~*. The intermittent portal triad
clamping technique (Pringle’s manocuvre) is effective and
simple for control of blood loss from the raw surface during
hepatic parenchymal transection, and has been used widely

during hepatectomy®*%.

Copyright © 2010 British Journal of Surgery Society Led
Published by John Wiley & Sons Ltd

reperfusion during hepatectomy in relation to the nature
of the underlying liver parenchyma in humans,

Methods

Between October 2002 and March 2009, 625 patients
underwent liver resection at this institution. T'o eliminate

British Journal of Surgery 2010; 97 10621069
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operative bias (duration of operation, clamping time, num-
ber of clampings and remnant liver volume), 211 patients
who had a major hepatectomy, defined as the removal
of three or more Couinaud segments'?, were excluded.
Thirty-two right posterior sectionectomies and eight right
anterior sectionectomies were also excluded, as were 11
donor lateral segmentectomies performed using the hemi-
vascular occlusion technique, four paediatric cases (less
than 18 years of age) and 14 hepatectomies performed with-
out the inflow occlusion technique. Seventeen patients with
moderate (30-60 per cent hepatocytes with fat droplets in
the resected specimen) or severe (more than 60 per cent)
steatosis in the non-tumorous liver specimen were also
excluded. The remaining 328 adult patients who were
scheduled for elective minor hepatic resection, defined
as segmentectomy or systematic subsegmentectomy, and
limited resection as non-anatomical tumour removal, using
the clamp crushing technique with intermittent Pringle’s
manoeuvre were selected for the study. Liver biopsies taken
from locations distant from the tumour were reviewed
retrospectively for the presence of any underlying liver
disease. Liver fibrosis was quantified according to the
METAVIR score'.

Indications for liver resection

Patients with hepatocellular carcinoma (HCC), most of
whom had cirrhosis, were selected for surgery according
to a published flow chart based on the presence of ascites,
serum total bilirubin level and indocyanine green retention
rate at 15 min ICG-R15)!. This decision criterion was
also applied to patients without HCC whose liver function
as evaluated by the ICG-R15 test was mildly impaired.
In all other patients the indication for surgery was based
on tumour stage, technical feasibility and remnant liver
volume.

Surgical procedure

After intraoperative ultrasonography, the gallbladder was
removed, if necessary, and the liver mobilized. Intermittent
Pringle’s manoeuvre was applied during liver transection,
and consisted of cross-clamping of the hepatoduodenal
ligament using a Satinsky clamp (and the aberrant left
hepatic artery, if present) for 15 min, and then releasing
the clamp for 5 min, untl liver resection was completed.
Liver transectdon was performed by the Péan clamp
crushing method!®. Bleeding or bile leakage points were
suture ligated. Anaesthesia was maintained according to
institutional routines using muscle relaxants, and the tidal
volume of ventilation was reduced by 30-40 per cent of

Copyright © 2010 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd

the standard volume to decrease thoracic pressure. Central
venous pressure was kept below 5 cmH; O to reduce venous
haemorrhage during transection. Red blood cells were not
transfused unless haematocrit fell to below 25 per cent
during surgery or to less than 20 per cent on the day after
operation. Total hepatic vascular exclusion was not used,
and no patient had haemodilution or intraoperative or
postoperative autotransfusion.

Patient data

Data were collected before, during and after surgery in
a prospective computerized database, and analysed retro-
spectively. Demographic data included sex, age, presence
of viral infection and diagnosis. The following biochemical
blood variables were assessed before operation by routine
laboratory techniques: haematocrit, platelet count, aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), lactate dehydrogenase, total bilirubin, prothrom-
bin time, albumin, cholinesterase (ChE), creatinine and
ICG-R15. Intraoperative blood loss was calculated as
the volume of blood collected in the aspirator and the
weight of soaked gauzes. Intraoperative blood transfusion
was defined as the volume of packed red cells trans-
fused during surgery and in the immediate postoperative
period.

Postoperative surveillance included clinical examina-
tions during the hospital stay and daily laboratory tests
during the first week, including AST, ALT, prothrombin
time, albumin, ChE and total bilirubin level. To assess
the hepatic injury response, the delta (D)-AST (maximum
level minus preoperative level) and D-ALT were measured.
To evaluate postoperative hepatic functional reserve, the
maximum postoperative level of total bilirubin, and mini-
mum values of prothrombin time, albumin and ChE, were
assessed. Postoperative morbidity was defined according to
Dindo and colleagues'S as any perioperative complication,
including biliary complications, sepsis, and pulmonary,
cardiac or wound complications. Operative mortality was
defined as intraoperative death and death within 30 days
after hepatectomy, and in-hospital death as death during
the hospital stay.

Statistical analysis

Data were expressed as mean(s.d.) or median (range). One-
way ANOVA was used to compare means between groups.
On detection of a significant increase by ANOVA, post hoc
pairwise comparisons were conducted using Tukey’s test.
Discrete variables were included in univariable analysis
using the two-tailed x? test. To identify factors affecting D-
AST and D-ALT, various clinical variables were evaluated

www.bjs.co.uk British Journal of Surgery 2010; 97: 10621069
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by multiple linear regression analysis. D-AST and D-ALT
were defined as dependent variables, whereas underlying
liver disease and cumulative clamping time were set as
independent variables. Regression analysis was carried
out by simple regression on cumulative clamping time to
D-AST and D-ALT. Difference in correlation coefficients
of the regression lines obtained from each group was
determined by testing the ¢ value. Bonferroni correction
was applied for multiple comparisons. Differences at P <
0-050 were considered statistically significant. Calculations
were made using statistical computer software JMP®; SAS
Institute, Cary, North Carolina, USA).

Results

"There were 116 women and 212 men, with a median age of
66 (range 27-80) years. According to the underlying liver
disease, patients were categorized into those with a normal
liver (fibrotic score 0; 172), those with chronic hepatitis
(fibrotic score 1-3; 59), and those with liver cirrhosis
(fibrotic score 4; 97). Hepatic resection was performed
for HCC (149 patients), cholangiocellular carcinoma (7),
metastatic liver tumour (121), gallbladder carcinoma (31)
and other tumours (20). Patients with liver cirrhosis were

older than those with a normal liver. Viral infections
were more common in patients with chronic hepatitis or
liver cirrhosis than in those with a normal liver. Primary
liver cancer was the main indication for hepatectomy in
patients with chronic hepatitis or liver cirrhosis, whereas
metastatic liver cancer was common in patients with a
normal liver.

The prothrombin time of patients with cirrhosis was
significantly shorter than that of those with a normal
liver. The ICG clearance capacity of patients with chronic
hepatitis or cirrhosis was also significantly less than that
of patients with a normal liver. Platelet count, and AST,
ALT, albumin, ChE and total bilirubin levels differed
between groups, but hacmatocrit, lactate dehydrogenase
and creatinine levels showed no significant intergroup
differences (Table 1).

Intraoperative results

Type of resection, duration of operation, clamping time
and number of clampings were similar in the three groups,
but there were significant intergroup differences in median
blood loss (220 ml in patients with a normal liver, 200 ml
in those with chronic hepatitis and 315 ml in patients

Table 1 Preoperative data for patients undergoing hepatectomy using intermittent Pringle’s manoeuvre

Sex ratio (M: F) 99:73

Age (years)® 62.6(11.5)
Viral infection
None 169
Hepatitis B 3
Hepatitis C 0
Hepatitis B and C 0
Diagnosis
Hepatocellular carcinoma 4
Cholangiocellular carcinona 2
Metastatic liver cancer 118
Galibladder carcinoma 31
Other tumour 17
Haematocrit (%)" 39.1(4-8)
Platelets (x10%/1)" 220(6-5)
AST {units/l)" 24(11)
ALT (units/)* 23(16)
LDH {units/)* 228(187)
Total bilirubin {mg/di}" 0.72(0-32)
Prothrombin time (%)* 93(10)
Albumin (/)" 4.0(0-4)
Cholinesterase (units/l)" 1097(281)
Creatinine (mg/dl)* Q.7{0-2)
ICG-R15 (%) 9.8(4.5)

47:12 66:31 0-005%
64.3(10-2) 67.7(8-9)% 0-001
<0001}
10 19
15 16
33 61
1 1
<0:001%
54 91
3 2
0 3
0 0
2 1
40-4{4.5) 38.7(4-8) 0107
16.1(4.8)% 12-6(6-4)§1 < 0-001
34(14)§ 49(24)89 <0001
37(20)8 47(28)84 «0-001
205(77) 212(78) 0-482
0.78(0-28) 0-85(0-30)§ 0.003
91(7) 84(10)% < 0-001
4.1(0.4) 3.8(0-5M 0014
1048(255) 796(286)§ « 0001
1.0(1-6) 0-8(0-2) 0.063
12.7(6-4)% 18.3(8-1)§1 < 0-001

“Values are mean(s.d.). AST, aspartate aminotransferase; AL'T, alanine aminotransferase; LDII, lactate dehydrogenase; ICG-R1S, indocyanine green
retention rate at 15 min. ¥One-way ANOVA unless indicated otherwise; ix? test. §P < 0-050 versus normal liver, §P < 0-050 versus chronic hepatitis

(Tukey’s test).
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with liver cirrhosis; P = 0.001). The number of patients
requiring blood transfusion was similar in the three groups
(Table 2).

Biochemical evaluation of hepatocyte injury

Underlying liver disease and cumulative clamping time
were significantly correlated with D-AST and D-ALT
(Table 3). Strong positive correlations between postoper-
ative D-AST or D-ALT and cumulative clamping time
were found in patients with a normal liver, and also
those with underlying chronic hepatitis or a cirrhotic liver

Table 2 Operative and postoperative data

Type of resection

One segment 1
Two segments 12
Partial resection
Single tumour 123
Muttiple tumours 36
Duration of operation {min}* 292 (45~715)
Clamping time (min)* 42 (9-163)
Clamping time > 60 min 50 {29-1)
No. of clampings® 3(1-11)
Intraoperative blood loss (mi)* 220 (2-1360)
No. requiring blood transfusion 1(06)
Postoperative morbidity 28 (16.3)
Clavien classification'®
| 13
L} 12
fila 2
flib 0
v 1
Vv 0
Operative death 0
in-hospital death 0(0)

(Figs 1 and 2). For D-AST, the coefficient of the regres-
sion line for normal liver was significantly higher than
for cirrhotic liver (# = 18-01, P < 0-001) and tended to
be higher than that for chronic hepatitis (not significant
after Bonferroni correction; ¢ = 2-32, P = 0-021) (Fig. I).
For D-ALT, the coefficient of the regression line for nor-
mal liver was significantly higher than that for chronic
hepatitis and cirrhotic liver after Bonferroni correction
(t=16-22, P < 0-001 and ¢ = 1853, P < 0-001 respec-
tively) (Fig. 2).

D-AST and D-ALT in relation to the duration of
clamping in each group are shown in Figs3 and 4. In

04723
6 7
6 ]
37 65
10 19
285 (145-677) 305 (170-1075) 0580
45 (7-170) 50 (8-172) 0053
21 (36) 39 (40) 0-168%
3(1-12) 3(1-11) 0058
200 (10-2490) 315 (30-1360)§ 0001
3(5) 3@ 0-085%
15 (25) 27 (28) 0-060%
02761
6 7
5 17
2 3
1 0
0 4]
1 0
0(0) 0(0) .
1) 0(0) 0-179%

Values in parentheses are percentages unless indicated otherwise; *values are median (range). tOne-way ANOVA unless indicated otherwise; $x? test.

§P < 0-050 versus normal liver (Tukey's test).

Table 3 Factors affecting delta-aspartate aminotransferase and delta-alanine aminotransferase

s % " ; ; .

Factors affecting D-AST
Underlying liver disease (liver cirrhosis) -46.84
Underlying liver disease (normal liver) 64.40
Cumulative clamping time 329
Factors affecting D-ALT
Underlying liver disease (liver cirrhosis) ~57.52
Underlying liver disease (normal liver) 68-32
Cumulative clamping time 3.41

13-68 ~80-52, -33-15 < 0-001
12.26 52.14, 76-66 <0001
028 329, 4.63 < 0-001
19.62 7713, --37.90 <0001
1312 56.19, 8144 <0001
030 3.10,38.71 < 0.001

D-AST, delta-aspartate aminotransferase; D-AL'T, delta~alanine aminotransferase. *Multiple linear regression analysis.
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Fig. 1 Delta-aspartate aminotransferase (D-AST) level versus
cumulative clamping time for patients with a normal liver

(y = 17-5 + 47x; P < 0-001), chronic hepatitis (y = 479 + 2-5x;
P < 0-001) or liver cirrhosis (y = 47-3 + 2-0x; P < 0-001).

*P = 0.021, 1P = 0-021, $P < 0-001 (test of £ value)

patients who underwent cumulative inflow occlusion for
45 min or less, D-AST and D-ALT in patients with a
normal liver were significantly higher than in patients with
liver cirrhosis, but did not differ significantly from those
in patients with chronic hepatitis. However, in patients
who underwent cumulative inflow occlusion for 60 min or

1250
1000
- h
% 750 |- r
[ o
7]
<
6 5{» - 8
ol L ! :
1
. d ;
Normal Chronic hepatitis Liver cirrhosis
(n=97) (n=230) (n=43)

a Clamping time < 45 min

e NoTmal liver

1O e Chronic hepatitis

- Liver cirrhosis
2 1000 ‘
=
5 *
; 750 |~ *
S 500 IECTII &

250 - -

.

0 20 40 60 80 100 120 140 160 180
Cumulative clamping time (min)

Fig. 2 Delta-alanine aminotransferase (D-ALT) level versus
cumulative clamping time for patients with a normal liver

(y = —8:1 + 5-0x; P < 0-001), chronic hepatitis (y = 52-1 + 2-4x;
P < 0-001) or liver cirrhosis (y = 19:2 + 2-1x; P < 0-001).

*P < 0.001, 1P = 0-190 (test of ¢ value)

longer, D-AST and D-ALT were significantly higher in
patients with a normal liver than in patients with chronic
hepatitis or liver cirrhosis.

Postoperative hepatic functional reserve

The postoperative maximum level of total bilirubin, and
minimum values of prothrombin time, total bilirubin,

*
|
I N |
1250 |- 6
=]
1000 |~
(=]
(=]
T 7m0l
3 -
& soof g ©
g ] 4]
[+]
250 |- g o
L g E
Normal Chronic hepatitis Liver cirrhosis
{n=50) {(n=21) (n=239)

b Clamping time 2> 60 min

Fig. 3 Delta-aspartate aminotransferase (D-AST) level in patients with a normal liver, chronic hepatitis or liver cirrhosis with clamping
time a 45 min or less and b 60 min or longer. Individual values are shown along with mean(s.d.). a P = 0-011, b P < 0-001 (one-way

ANOVA). *P < 0.050 (Tukey’s test)
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Fig. 4 Delta-alanine aminotransferase (D-ALT) level in patients with a normal liver, chronic hepatitis or liver cirrhosis with clamping
time a 45 min or less and b 60 min or longer. Individual values are shown along with mean(s.d.). a P = 0.018, b P < 0.001 (one-way

ANOVA). *P < 0-050 (Tukey’s test)

Table 4 Assessment of postoperative liver function

Maximum total bilirubin leve! (mg/di)

1.25(0-58)
Minimum prothrombin time (%) 74(13)
Minimum albumin level (g/dl) 4.0(0-4)
Minimum cholinesterase level {units/l) 6558(239)

<0001

1.47(0-48) 1.52(0.55)

71(13) 68(10) <0001
4.1(0-4) 3.8(0-5)1¢ <0001
500(249) 357(179) <0001

Values are mean(s.d.). *One-way ANOVA. 1P < 0-050 versus normal liver, $P < 0-050 versus chronic hepatitis (Tukey’s test).

albumin and ChE, differed significantly between the three
groups. Postoperative hepatic functional reserve was much
more compromised in patients with a cirrhotic liver after
hepatic resection (Table 4).

Postoperative results

The incidence and severity of postoperative complications
did not differ significantly between the three groups
(Table 2). Although there was no operative mortality, one
patient with chronic hepatitis died from severe interstitial
pneumonia 4 months after minor hepatectomy.

Discussion

The tolerance of cirrhotic liver to normothermic intermit-
tent inflow occlusion is still unknown. Most investigators
believe that normothermic liver ischaemia is more dan-
gerous in cirrhotic than normal liver'”'®, The severity

Copyright © 2010 Brirish Journal of Surgery Society Lxd
Published by John Wiley & Sons Ltd

of IR injury is best assessed by serial determination of
serum AST or ALT levels, which are generally consid-
ered to be reliable markers of hepatocyte injury'®. This
is the first reported study to demonstrate that, in terms
of aminotransferase levels, the response of AST and ALT
to intermittent ischaemia differs between normal and cir-
rhotic liver in humans. The marked outflow of intracellular
enzymes that occurred after intermittent hepatic occlusion
in patients with a normal liver was less pronounced in
patients with a cirrhotic liver. Isozaki and colleagues?
examined the degree of liver injury in the remnant liver
in normal and cirrhotic rats undergoing 70 per cent hep-
atectomty with hepatic inflow occlusion. They concluded
that cirrhotic liver showed a less pronounced necrotic
response to ischaemia than normal liver, as the serum AST
level increased with hepatic vascular occlusion to a greater
degree in rats with a normal liver than in those with a
cirrhotic liver.
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On the other hand, in a biochemical investigation of
effects of IR in rats with experimentally induced liver
cirrhosis, Nishimura and co-workers!'® showed that, at 24 h
after a 30-min interruption of blood flow, the AST levels
rose significantly higher in rats with liver cirrhosis than
those with a normal liver. They concluded that cirrhotic
livers subjected to ischaemia might have more necrotic cells
than normal liver. Jang er 4! also investigated the effect
of IR and showed that serum AST and ALT levels after
60 min ischaemia were significantly higher in mice with a
cirrhotic liver than in those with a normal liver. Apoptosis
was more evident in normal livers, whereas necrosis was
a predominant feature in the cirrhotic livers''. These
experimental studies showed that the degree of hepatic
injury after IR was significantly greater in cirrhotic liver
than in normal liver.

Postoperative AST and ALT levels may be related to
the volume of liver resection. Clavien and colleagues?!
reported that, for matched patients with the same ischaemia
time, patients with extended liver resections had lower
postoperative peak AST levels than patients with smaller
resection volumes. Smaller remnant liver masses might
have been associated with lower postreperfusion serum
AST and ALT levels than larger residual liver volumes.
In the present series, to eliminate such bias created by
differences in magnitude of resection or volume of liver
remaining, major hepatectomies were excluded from this
study. The three groups were comparable with respect
to extent of liver resection and procedure. The present
findings support the contention that cirrhotic liver releases
smaller amounts of aminotransferase than normal liver
after IR.

The results of this study do not seem to match those
from randomized controlled trials’22 and a meta-analysis?*
of hepatic inflow clamping, which showed that chronically
diseased livers are more susceptible to IR injury than
normal liver. The paradoxical finding that cirrhotic liver
released less aminotransferase than normal liver after
IR may be unrelated to postoperative liver dysfunction.
Cirrhosis is a diffuse process characterized by fibrosis and
conversion of the normal liver architecture to structurally
abnormal nodules. A decrease in the ratio of parenchyma to
non-parenchyma in cirrhotic liver has been described?*%.
The results of the present study may be explained by the fact
that cirrhotic liver probably has fewer healthy hepatocytes
per unit area than normal liver. Another drawback of
hepatic clamping can be splanchnic venous stasis. Ithas also
been suggested that the presence of collateral circulation
and the absence of portal congestion in patients with a
cirrhotic liver might explain the apparently better tolerance
to portal cross-clamping.

Copyright © 2010 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Lid

Although the patients with liver cirrhosis had lower
aminotransferase levels after intermittent inflow occlusion,
enzymes such as AST and ALT may not be telling the
whole story, and the relatively minor postoperative increase
in levels, such as between 200 and 500 units/l, may have
no clinical significance. More sensitive makers of liver
damage, such as liver fatty acid binding protein?6~?8, may
shed new light on this matter. Furthermore, postoperative
liver functional reserve, as indicated by values of total
bilirubin, prothrombin time, albumin and ChE, was
impaired significantly in patients with a cirrhotic liver.

Further studies should ideally include a more detailed
assessment of liver function, as attempted previously by
Schindl and colleagues?® and Yigitler and co-workers®.
Care should still be taken when resecting cirrhotic liver
under intermittent inflow occlusion to reduce the risk of
postoperative morbidity.
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Livef / Other
SE-083

Hepatic venous phase of the liver is already affected by
hepatobiliary uptake of Gd-EOB-DTPA: comparison
between Gd-EOB-DTPA and Gd-DTPA in dynamic MRI
on 3.0-T apparatus

Y. Fujinaga, M. Kadoya, K. Ueda, M. Kurozumi,

T. Matsushita, A. Ohya, Y. Kitou, H. Ueda; Matsumoto/JP

Purpose: To reveal the difference in contrast enhancement of the liver in
comparison to other abdominal structures on dynamic contrast-enhanced MRI
{DCE-MR} using gadoxetic acid (Gd-EOB-DTPA: EOB) and gadobutrol acid
{Gd-DTPA) in the same patients.

Material and Methods: DCE-MR! on a 3.0-T apparatus using EOB and Gd-DTPA
was performed in the same 17 patients. Precontrast and DCE-MRI images [arterial
phase (AP), portal venous phase (PP), hepatic venous phase (HP)] were acquired
before and after bolus injection of each contrast agent. Signal intensity ratio of
organ-to-muscle fliver (L/M), spleen {S/M), aorta (A/M), portal vein (P/M) and
hepatic vein (H/M)] were calculated at each phase and statistically analyzed.
Results: Between EOB and Gd-DTPA, there were no significant differences in the
means of L/M, S/M, A/M, P/M or H/M on precontrast images, L/M at AP, or UM at
PP At all phases, the mean S/M (AP, 2.06, 2.70, p<0.01; PR 1.97, 2.33, p<0.001; HP,
1.80, 2.09, p<0.01), A/M (AP, 2.78, 3.50, p<0.01; PP, 2.36, 2.82, p<0.001; HP, 2.15,
2.61, p<0.001), PM (AR, 1.98, 2.47, p<0.01; PP, 2.65, 2.96, p<0.05; HP, 2.30, 2.65,
p<0.01) and VM (AP, 1.1, 1.23, p<0.05; PP, 2.65, 2.84, p<0.001; HP, 2.22, 267,
p<0.001) with EOB were all lower than the respective values with Gd-DTPA. On HP,
the mean L/M {1.99, 1.88, p<0.05} with EOB was higher than that with Gd-DTPA.
Conclusion: On DCE-MRI on 3.0-T using EOB, contrast enhancement of all organs
except for the liver was lower than that of other organs on DCE-MRI using Gd-DTPA,
but that of the liver at HP was already affected by the hepatobiliary uptake of EOB.

Mesentery and Peritoneum
SE-084

Spontaneous hemoperitoneum: a diagnostic challenge
A. Karatzas, P. Kraniotis, P. Zabakis, |. Tsota, M. Tsimara,
E. Konstantatou, T. Petsas, C. Kalogeropoulou; Patras/GR

Purpose: Spontaneous hemoperitoneum is an emergency condition, the
diagnosis of which is usually difficult to be made only by clinical criteria.
Material and Methods: A review of our institution cases, for the last 5 years, was
carried out. Examinations were performed in a 16x MDCT before and after IV contrast
administration and scans were taken at arterial, portal venous and delayed phase. The
presence of active bleeding and the cause of the bleeding were assessed.

Results: Ten cases of spontaneous hemoperitoneum were found. Active
extravasation was present in § patients. In 9 cases, there were direct (active
bleeding) or indirect (sentinet clot) signs that implicated the exact cause of the
bleeding. In 3 circumstances, the origin of the bleeding was the tiver (2 HCCs,
1 metastases from choriocarcinoma), in 2 a ruptured ovary cyst, in
1 spontaneous bleeding of the spleen, in 1 the splenic artery which had been
eroded because of pancreatitis, in 1 the small intestine and in 1 cirrhotic patient
a dilated portosystemic shunt. In 1 patient, the cause of bleeding was not
determined initially, athough sentinel clots were present in the epigastrium.
Three days later, a second CT revealed an abnormal vessel at the greater
curvature of the stomach, which was considered the cause of bleeding.
Conclusion: CT is the examination of choice in the diagnosis of spontaneous
hemoperitoneum. In the majority of cases, it can reliably determine the
cause of the bleeding.

Other / Acute and Post-Traumatic Abdomen
SE-085

Focused assessment with sonography for trauma as
screening method in trauma patients with blunt
abdominal injuries: a prospective study

S. Loti, 1. Liovarou, S. Drossos, M. Kosmidou,

A. Kopanoudis; Kavala/GR

Purpose: Blunt abdominal frauma is a diagnostic challenge to the
emergency radiclogy. The aim of the study is to determine FAST (focused
assessment with sonography for trauma) as screening method in trauma
patients with blunt abdominal injuries.

Material and Methods: From March 2008 to April 2009, we examined in our
department with ultrasonagraphy (FAST) according to protocol 756
hemodynamically stable trauma patients with suspected blunt abdominal
injuries. In most of these cases, a CT scan was necessary to be performed.
Results: Ultrasonography examination was positive in 72 patients. The results
of FAST were compared with findings of CT scan, diagnostic peritoneal lavage,
taparotomy and clinical course when the FAST was positive or followed by a
period of clinical observation when the FAST was negative.

Conclusion: The FAST examination is a routine component of the initial work-
up of trauma patients with high sensitivity to detect free fluid which would lay
a suspicion for a parenchyma lesion. We must remember that a negative
ultrasonography does not exclude an abdominal injury. In this case, another
imaging procedure such as CT should be performed.

Other / Radiologic-Pathologic Correlation

SE-086

Optimization of b value in diffusion MRI for detection and
characterization of abdominal benign and malignant lesions
Z. Koc, G. Erbay, S. Ulusan, B. Kaya, G. Seydaoglu; Adana/TR
Purpose: To determine the optimal b value in diffusion-weighted imaging (OW))
for detection and differentiation of benign and malignant abdominal lesions.
Material and Methods: Routine abdomen MRI and single shot echo planar DWI
were prospectively performed using seven b values (50, 200, 400, 500, 600, 800,
1000 s/mny). 66 lesions in 58 patients who had pathologically proven diagnosis of
the malignant or benign diseases obtained after MRI examinations were included.
The image quality was analyzed on a five-point scale and by measurement of the
signal-to-noise ratio (SNR}. The lesion detectability was analyzed by measurement
of the contrast-to-noise ratio (CNR). The lesions were analyzed for benignity/
malignity on a 5 point scale, and by measurement of the apparent diffusion
coefficient (ADC) values and lesion ADC/normal parenchyma ADC.

Results: Significant differences were found in visual scores between different
b values (p<0.01). Lower b values correlated with better DW image quality and
lesion detectability. The SNR and CNR with b values of 50 and 200 s/mm? were
significantly high from that with b400 and higher b values. Differentiation of
malignant from benign abdominal lesions using visual scoring was found
successful with 600 and higher b values. The mean ADC values of malignant
lesions inversely correlated with b values. The mean ADC values with a b value
of 200 s/mm? and ADC ratio for b200 and ADC with all b values of malignant
lesions were significantly lower than those of benign lesions on DWI (p<0.05).
Conclusion: Image quality and lesion detectability are better with low b values
around 50 and 200 s/mm?. The lesion ADC/normal parenchyma ADC are more
accurate for differentiation of malignant and benign abdominal lesions.

SE-087

Abdominal lesions in post-mortem non-enhanced
CT-scan: correlations with forensic autopsy

P. Charlier, R. Carlier', F. Roffi', J. Ezra!, F. Duchat?, G. Lorin
De La Grandmaison', L. Huynh-Charlier?; 'Garches/FR,
?Paris/FR

Purpose: To investigate the interest of post-mortem non-enhanced CT for
abdominal damages in a forensic context of suspect death.

Material and Methods: 30 cadavers have been submitted to a body CT-scan
without injection of contrast material. CT exams were reviewed by two independent
radiologists and radiological findings were compared with forensic autopsy data.
Results: False negative CT findings included small contusions, vascular
thromboses, acute infarcts foci, and non-radioopaque foreign bodies. False
positive CT findings included physiological post-mortem transudates
misdiagnosed with intra-abdominal bleedings and putrefaction gas misdiagnosed
with gas embolism, aeroporty, aerobily, digestive parietal pneumatosis,
Incidentalomas without any role in death process were also reported. CT could

diagnose solid organ fractures, digestive perforations, hematomas and massive -

hemorrhages, metallic foreign bodies, advanced tumors, aortic dissections
{when the flap was calcified). CT was helpful to guide autopsy and to show knife
and ballistic trajectories. CT showed postoperative scars (on vascular map,
biliary tree, digestive tract or solid organs) which were anatomical arguments
during identification process. CT images constituted an useful numerical
memory of the cadaver for cross-examination.

Conglusion: The radiologist shouid be familiar with the normal abdominal
post-mortem features to avoid misdiagnoses and detect informative lesions
which can help and guide the forensic practitioner. This study shows the
interest of a radiological examination of cadavers by CT (even without any
injection of contrast material) before forensic autopsy.
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