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Table 3 Predictor of blood platelet count after splenectomy by mul-
tiple logistic regression analysis in 55 patients with splenectomy

OR (95% CI) P-value
Blood red cell count before 2.41(0.75-8.52) 0.14
splenectomy (=380 /ul)
ALT level before 3.4 (0.96-13.44) 0.05
splenectomy (<38 TU/)
PT level before 2.7 (0.83-9.53) 0.1

splenectomy (<75%)

ALT serum alanine aminotransferase level, CI confidence interval,
OR odds ratio, PT prothrombin percentage activity

Multiple logistic regression analysis was performed to
identify which variables were independently associated with
the blood platelet count 3 months after splenectomy
(Table 3). Preoperative serum ALT level was independent
predictors of the blood platelet count 3 months after
splenectomy (<381IU/l, OR 3.4, 95% CI 0.96-13.44,
P =0.05).

Blood platelet count and serum ALT level

Among 55 patients, 40 patients had high serum ALT level
(238 IU/). In both patients with high ALT level and low
ALT level, blood platelet count significantly improved 3
months after splenectomy (low serum ALT patients, n = 15,
from 4.2 £ 1.3 x 10%mm?’ to 21.2 + 10 x 10¥mm?, P < 0.01;
Fig. 1a) (high serum ALT patients, n =40, from 4.5+ 1.6 X
10%mm? to 16+ 6 x 10¥mm’, P < 0.01; Fig. 1b). Three
months after splenectomy, blood platelet count of patients
with high serum ALT level were significantly lower
than those of patients with low serum ALT level (P = 0.02)
(Fig. 1c). In 55 cirrhotic patients who underwent
splenectomy, blood platelet count 3 months after splenec-
tomy decreased along with an increase in preoperative
serum ALT level (# = 0.67, P = 0.03) (Fig. 1d).

Pathological findings of liver tissues

In nine patients who underwent hepatectomy and
splenectomy on one stage surgery, all non-cancerous liver
tissues showed bridging fibrosis with diffuse lobar distortion
(stage 4) (Fig. 2a). In patients with liver cirrhosis, platelets
were present predominantly in the sinusoids of the
periportal area with inflammation. In cirrhotic patients with
high serum ALT level, platelets were observed along the
destructed limiting plate of the expanded fibrous portal area
with inflammation and in the sinusoids of the periportal area
(Fig. 2b,c). In all liver tissues including normal controls and
nine cirrhotic patients who underwent hepatectomy and
splenectomy on one stage surgery, there were platelets but

no megakaryocytes in the sinusoids. Liver tissues of patients
with high serum ALT level showed a significantly higher
degree of inflammation than those of patients with low
serum ALT level (grade; 2+ 1 vs. 1 + 1, P =0.03) (Fig. 3a).
In control liver tissues, there were a few lymphocytes, but
only in the portal area, and neither necroinflammatory reac-
tions nor fibrosis were noted (grade 0, stage 0).
Morphometry revealed that patients with cirrhosis had
more extensive platelet area in the liver tissues than controls.
In nine cirrhotic patients who underwent hepatectomy and
splenectomy, the platelet area in liver tissues increased
along with an increase in a grade of hepatic inflammation
(r=0.86, P =0.02) (Fig. 3b). Blood platelet count 3 months
after splenectomy was negatively correlated with platelet
area of the liver tissues by Pearson correlation calculations
(r = 049, P = 0.03) (Fig. 3c). There was no significant
correlation between platelet area of the liver tissues and
blood platelet count before splenectomy (»=0.01, P =0.83)
(Fig. 3d). In patients with liver cirrhosis, the platelet area in
liver tissues of patients with high serum ALT level were
larger than those of patients with low serum ALT level
(18233 £ 11 188 um? vs. 6672 + 5257 pm?, P = 0.14).

Pathological findings of splenic tissues

In all splenic tissues, including cirrhotic patients with high
or low serum ALT level and normal controls, platelets were
diffusely found in the splenic sinus and splenic cord of the
red pulp (Fig.4ab). Among the splenic tissues of nine
cirrhotic patients who underwent hepatectomy and
splenectomy on one stage surgery, megakaryocytes were
observed in those of six patients (67%). CD41-positive-
megakaryocytes were present in the splenic cord of the red
pulp (Fig. 4c). There were no megakaryocytes in normal
control tissues. Platelet area in splenic tissues of cirrhotic
patients with high serum ALT level and those of patients
with normal serum ALT level were 47 685 + 22 806 pm?
and 78 550 £ 6550 pm?, respectively.

Discussion

The exact mechanisms leading to thrombocytopenia in liver
cirrhosis and the platelet kinetics of patients with chronic
liver disease or cirrhosis are not well characterized. In this
study, we demonstrated the histopathological findings of
platelets in human hepatosplenic tissue and investigated
the interaction between blood platelets and platelets of
hepatosplenic tissues in cirrhotic patients.

Splenectomy [8, 9] and partial splenic arterial
embolization [10] are therapies for thrombocytopenia
caused by hypersplenism. Platelet kinetic studies using
platelet scintigraphy have been reported [1, 2, 14-16].
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Fig. 2 Pathological findings of the liver tissues. (a) In liver tissue of cirrhotic patient with high serum alanine aminotransferase (ALT) level, there
are strong inflammatory reactions in the portal area and destroyed limiting plate. Serum ALT 89 IU/l, grade 3, stage 4, stained with hematoxylin
and eosin, x 100. (b) In liver tissue of cirthotic patient with high serum ALT level, strong CD41 positive reactions are observed predominantly
along the destroyed limiting plate of the expanded fibrous portal area with inflammation and in the sinusoidal space of the periportal area. Serum
ALT 89 TU/l, grade 3, stage 4, immunostained with antibody against CD41, x 100. (¢) Close up view of b. immunostained with antibody against
CD41, x 200

Noguchi et al. [14] reported that partial splenic arterial
embolization induced an increase in the blood platelet count
and a decrease in the spleen/liver uptake ratio of '"'In-
labeled platelets. In patients with thrombocytopenia, Kinuya
et al. [15] reported that the spleen/liver uptake ratio for "In-
or #Tc-labeled platelets was apparently lower in patients
for whom splenectomy was ineffective than in those for
whom it was effective. Based on these previous reports,

splenectomy and partial splenic arterial embolization induce
a decrease in platelet pooling or breakdown in the spleen of
thrombocytopenic patients, and, as a result, the blood plate-
let count increased.

In this study, we found that blood platelet counts of
cirrhotic patients with high serum ALT levels tended to only
slightly improve after splenectomy. In a recent study, we
reported that the accumulation of platelets in the liver with
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Fig. 4 Pathological findings of splenic tissues. (a, b) In the splenic tissue of cirrhotic patient with low (a) or high (b) serum alanine
aminotransferase (ALT) level, CD41 positive reactions are diffusely observed in the splenic sinus and splenic cord of the red pulp. Megakaryocyte
(arrow) is encountered in the splenic cord. immunostained with antibody against CD41, x 40; (a) Serum ALT 8 IU/], grade 1, stage 4; (b) Serum

ALT 89 TU/l, grade 3, stage 4. (¢) Close up view of b. immunostained with antibody against CD41, x 200

chronic hepatitis and cirrhosis is one of the important con-
tributory factors to thrombocytopenia [7]. The accumulation
of platelets in noncancerous liver tissues of patients with
chronic hepatitis or cirrhosis increased with an increase in
the histological liver damage [7]. Platelets may accumulate
in the sinusoids under thrombocytotic conditions in chronic
hepatitis brought about by the activated hepatic reticul-
oendothelial system, as caused by inflammation [7, 17-20].

In blood vessels, the vessel wall, with its inner lining of
endothelium, is crucial to the maintenance of a patent
vasculature. The endothelium contains thromboregulators,
nitric oxide, prostacyclin, and the ectonucleotidase CD39,
which together provide a defense against platelet thrombus
formation [21]. When the endothelium is disrupted, colla-
gen and tissue factor become exposed to the flowing blood,
thereby initiating the formation of thrombus. Endothelium
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is also an important target for tumor necrosis factor (TNF)
and interleukin-1 (IL-1). The endothelium synthesizes and
releases platelet activating factor (PAF) in response to TNF.
This activity of TNF overlaps that of IL-1, which also
induces PAF production in endothelium [22]. These vessel
wall alterations result in a change of endothelium from
antithrombotic to thrombotic. The disrupted endothelium is
the first reaction in platelet adhesion to the vessel
subendothelium under physiologic blood flow [21]. In liver
tissues injured by inflammation, platelets adhere to
endothelial cells of sinusoids in the same way as to vessel
walls [17]. A model of hepatitis, Kupffer cells produce the
majority of TNF-o [23]. Under lipopolysaccharide admin-
istration in mice, TNF or IL-1 induces platelets to accumu-
late in the liver sinusoidal space within a few minutes by a
different mechanism of aggregation [18-20].

In this study, the liver tissues of cirrhotic patients with
high serum ALT level showed a significantly higher degree
of inflammation than those of patients with low serum ALT
level. We confirmed that, in patients with liver cirrhosis, the
platelet area of the liver tissues was positively correlated
with the degree of histological hepatic inflammation and
negatively correlated with blood platelet count 3 months
after splenectomy. In liver cirrhosis, chronic hepatic
necroinflammation contributes to the accumulation of
platelets in liver. We considered that patients with high
serum ALT level had larger amount of platelets in liver
than patients with low serum ALT level; as a result, they
tended to only slightly improve thrombocytopenia after
splenectomy. The mechanisms leading to thrombocytopenia
with liver cirrhosis are most likely multifactorial processes
[1-7]. The accumulation of platelets in the liver with
chronic hepatitis and cirrhosis may be one of the important
contributing factors to the therapeutic efficacy of
splenectomy for thrombocytopenia.

In addition, we found megakaryocytes in the splenic
tissues of most cirthotic patients. This study also demon-
strated that, in cirrhotic patients, blood platelet count and
white blood cell count were higher after splenectomy than
preoperative data. We considered that splenic megakary-
ocytes could not play major roles in platelet recovery in
thrombocytopenia caused by hypersplenism with liver cir-
rhosis. Further biological studies should be undertaken to
clarify the mechanisms and functions of megakaryopoiesis in
the spleen.

In this study, in cirrhotic patients, serum total bilirubin
level was lower after splenectomy compared with preopera-
tive data. Bilirubinemia secondary to hypersplenism is
caused by an increase in bilirubin production, which over-
loads the capacity of the liver to metabolize bilirubin [24].
To date, several reports have shown that a splenectomy
accelerated hepatic regeneration and inhibits the formation
of hepatic fibrosis [25-28]. Splenectomy may contribute to

the decrease in total bilirubin level, but it is difficult to
demonstrate any direct contribution, and care to protect liver
function after operation could well have some influence.

In conclusion, in patients with liver cirrhosis, hepatic
necroinflammation contributes to the accumulation of plate-
lets in liver; therefore, in patients with high serum ALT
level, improvement of thrombocytopenia by the elimination
of hypersplenism was limited. Moreover, our results suggest
that, in cirrhotic patients with thrombocytopenia caused by
hypersplenism, serum ALT level may be a useful surrogate
marker to predict the outcome of splenectomy. Additional
large size and long-term studies should be undertaken to
clarify this suggestion.
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Abstract Balloon-occluded transarterial chemoemboli-
zation (B-TACE) is able to achieve denser accumulation of
Lipiodol emulsion (LE) in hepatocellular carcinoma (HCC)
than conventional TACE. However, to maximize the
therapeutic effect of B-TACE, it is imperative to under-
stand the hemodynamic changes that occur during arterial
occlusion. We here present two patients with HCC in
whom the hemodynamic changes during arterial occlusion
were depicted and evaluated by contrast-enhanced ultra-
sound (CEUS). Arterial flow beyond the catheter tip was
observed by CEUS even after balloon occlusion. In one
patient, a reduction in arterial blood flow in the HCC was
observed by CEUS during balloon occlusion of the target
area for embolization. After B-TACE, dense LE accumu-
lation in the HCC nodule was confirmed by flat-panel
detector CT, indicating an excellent therapeutic effect. In
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the other patient, no changes in arterial blood flow in the
HCC nodule were observed by CEUS during balloon
occlusion of the target area for embolization. After
B-TACE, intermediate LE accumulation in the HCC nod-
ule was confirmed by flat-panel detector CT, indicating an
incomplete therapeutic effect. The findings obtained in the
two patients presented here suggest that B-TACE can be
performed more effectively and reliably by monitoring
blood flow using CEUS.

Keywords Hepatocellular carcinoma - Balloon-
occluded transarterial chemoembolization (B-TACE) -
Sonazoid - Contrast media - Ultrasound

Introduction

In our experience, balloon-occluded transarterial chemo-
embolization (B-TACE) is able to achieve denser accu-
mulation of Lipiodol emulsion (LE) in hepatocellular
carcinoma (HCC) than conventional TACE. Irie et al. [1]
published the findings of a study to explain this phenom-
enon as a preliminary report and described the mechanism
for this denser accumulation of LE based on measurement
of the balloon-occluded arterial stump pressure (BOASP)
at the embolization portion. They concluded that dense LE
accumulation in the HCC nodule could be achieved by
B-TACE when the BOASP was 64 mmHg or less and that
BOASP measurement was useful for predicting the degree
of LE accumulation (i.e., the therapeutic effect). However,
they did not evaluate the actual hemodynamic changes in
the HCC nodule and adjacent liver parenchyma during
balloon arterial occlusion. We believe that contrast-
enhanced ultrasound (CEUS) is an effective tool for such
evaluation.

@ Springer
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In order to predict the therapeutic effect of B-TACE, we
have developed another useful technique based on CEUS
with Sonazoid (Daiichi-Sankyo, Tokyo, Japan) during
balloon arterial occlusion. With this technique, it is possi-
ble to depict and evaluate the hemodynamic changes in the
HCC and adjacent liver parenchyma that occur during
balloon arterial occlusion. Moreover, the blood flow data
obtained by CEUS permit B-TACE to be performed more
effectively and reliably.

We were unable to find any reports of this technique in
the recent literature; therefore, we have written this report
to describe the technique and present two illustrative
clinical cases.

Case reports

The various protocols including arterial injection of So-
nazoid and the consent form for the study were approved
by the ethics committee of our institution, and written
informed consent was obtained from each patient.

Case 1

An 8l-year-old woman with hepatitis C-related cirrhosis
underwent US examination at a local hospital that showed
a space-occupying lesion measuring 30 mm in diameter in
the right lobe of the liver. The patient was referred to our
institution for further workup. Triphasic CT scanning of
the lesion showed arterial hypervascularity and washout in
the delayed venous phase. No other lesions were observed.

Fig. 1 a Case 1: 81-year-old
woman with hepatitis C-related
cirrhosis. Digital subtraction
angiography (DSA) of the right
hepatic artery via the superior
mesenteric artery shows an
HCC nodule (arrow) in segment
5. The micro-balloon catheter is
placed in the posterior segment
artery. DSA is performed via the
posterior segment artery during
balloon deflation (b) and
inflation (c)

@ Springer

Based on these findings, the lesion was judged to be a
solitary classical HCC measuring 30 mm in diameter.
According to the Barcelona Clinic Liver Cancer (BCLC)
staging system, the patient was considered to be a candi-
date for local ablation therapy rather than surgical resec-
tion due to impaired liver function (i.e., Child—Pugh class
B). However, the lesion was located in the liver hilum and
was contiguous to relatively large vessels. The patient
therefore underwent combination therapy with TACE and
radiofrequency (RF) ablation. B-TACE was performed first
to minimize heat loss due to perfusion-mediated tissue
cooling and thus increase the therapeutic effect of RF
ablation.

Abdominal angiography findings

The right hepatic artery branches from the superior mes-
enteric artery (SMA). Digital subtraction angiography
(DSA) performed via the SMA showed a hypervascular
nodule in the right lobe of the liver (Fig. 1). The main
feeding artery was A7. A 3F micro-balloon catheter
(Attendant LP; Terumo, Tokyo, Japan) was introduced and
advanced into the posterior segment of the hepatic arterial
branch. DSA also showed the hypervascular nodule.
However, it was difficult to advance the micro-balloon
catheter further, and selective B-TACE with miriplatine
[miriplatine (Dainippon Sumitomo, Osaka, Japan) 60 mg,
Lipiodol (Andre Guerbet, Aulnaysous-Bois, France)

35 mlL, and 1 mm-Gelpart (Nippon Kayaku, Tokyo,
Japan)] was therefore performed at this point (in the pos-
terior segment artery).

- 158 -



J Med Ultrasonics (2014) 41:209-215

211

Fig. 2 Same case as in Fig. 1. The micro-balloon catheter is placed
in the posterior segment artery. a The B-mode ultrasound (US) image
shows an isoechoic HCC nodule (arrow). b Vascular phase of
contrast-enhanced US (CEUS) with intravenous (IV) injection of
Sonazoid during balloon deflation shows that the HCC nodule (arrow)
is completely enhanced and that the adjacent liver parenchyma is also
homogeneously enhanced. ¢ Vascular phase of CEUS with IV
injection of Sonazoid during balloon inflation shows that the HCC
nodule (arrow) is partially enhanced and that the adjacent liver

CEUS findings (micro-balloon catheter placed
in the posterior segment artery)

The patient was examined by a radiologist with 10 years of
experience in standard US and CEUS using a diagnostic
US system (SSA-790A, Aplio XG; Toshiba Medical Sys-
tems Corporation, Tochigi, Japan) equipped with a 3.75-
MHz convex transducer (PVT-375BT, Toshiba). The
imaging mode employed was wideband harmonic imaging
(commercially called pulse subtraction) with transmission
and reception frequencies of 1.75 and 3.5 MHz, respec-
tively. A second-generation US contrast agent, Sonazoid,
was used. The contrast agent was injected intravenously as
a 0.5-mL bolus into an antecubital vein via a 21-gauge
peripheral intravenous cannula followed by a 10-mL saline
flush or intra-arterially as a 0.05-mL bolus via a 3F micro-
balloon catheter followed by a 1-mL saline flush. Dynamic

parenchyma is heterogeneously enhanced. d CEUS with intra-arterial
(TA) injection of Sonazoid during balloon inflation shows that the
HCC nodule (arrow) is slowly and completely enhanced, exhibiting
sustained enhancement. On the other hand, the adjacent liver
parenchyma is only slightly enhanced. e CEUS with IV injection of
Sonazoid immediately after balloon-occluded transarterial chemo-
embolization (B-TACE) shows that the HCC nodule (arrow) is
unenhanced relative to the adjacent liver parenchyma, indicating that
treatment was effective

scanning was then performed with the focus point set at the
lower end of the lesion at a rate of 15 frames per second
and with a dynamic range of 45 dB. The mechanical index
was between 0.2 and 0.3 to preserve the microbubbles
throughout their half-life in the microvessels and to enable
real-time evaluation of the HCC nodule and parenchymal
enhancement. The region of interest was observed contin-
uously for a period of approximately 1 min from the time
of injection.

e B-mode US findings (Fig. 2a): The image shows an
isoechoic HCC nodule (arrow) in segment 6.

e CEUS findings with intravenous (IV) injection of
Sonazoid during balloon deflation (Fig. 2b): The image
shows that the HCC nodule (arrow) is completely
enhanced in the arterial phase and that the adjacent
liver parenchyma is also homogeneously enhanced in
the portal phase.
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o CEUS findings with IV injection of Sonazoid during
balloon occlusion (Fig. 2c): The image shows that the
HCC nodule (arrow) is partially enhanced in the arterial
phase and that the adjacent liver parenchyma is
heterogeneously enhanced in the portal phase as
compared to IV injection during balloon deflation.

e CEUS findings with intra-arterial (IA) injection of
Sonazoid during balloon occlusion (Fig. 2d): The
image shows that the HCC nodule (arrow) is slowly
and completely enhanced, exhibiting sustained

enhancement. On the other hand, the adjacent liver
parenchyma is only slightly enhanced.

e CEUS findings with IV injection of Sonazoid immedi-
ately after B-TACE (Fig. 2e): The image shows that the
HCC nodule (arrow) is unenhanced. The adjacent liver
parenchyma is also unenhanced. These findings indi-
cate that treatment was effective.

Fig. 3 Same case as in Fig. 1. Flat-panel detector CT images
acquired immediately after B-TACE show dense accumulation of
Lipiodol emulsion (LE) in the HCC (a transverse plane, b coronal
plane)

Fig. 4 Case 2: 64-year-old man
with multiple HCCs in the liver.
DSA performed via the proper
hepatic artery shows multiple
HCC nodules, with the largest
HCC nodule located in segment
8 (arrow) (a). The micro-
balloon catheter is placed at A8,
and DSA is performed via the
segment 8 artery during balloon
inflation (b)
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Flat-panel detector CT findings

The images obtained immediately after B-TACE show
dense accumulation of LE in the HCC nodule (Fig. 3a:
transverse plane, b: coronal plane), confirming that treat-
ment was effective.

Case 2

A 64-year-old man with multiple HCCs due to hepatitis
C-related cirrhosis (Child—Pugh class A) had undergone
TACE repeatedly at our institution. This time, the patient
was admitted to our institution again to undergo TACE for
recurrence of multiple HCCs.

Abdominal angiography findings

DSA performed via the proper hepatic artery depicted mul-
tiple hypervascular nodules in both lobes of the liver (Fig. 4).
As a treatment strategy, we performed selective B-TACE for
the largest nodule in the right lobe of the liver, with the other
nodules treated from the right and left hepatic artery branch
level. A micro-balloon catheter was advanced to A8, and
DSA revealed a slightly hypervascular nodule. We antici-
pated that complete LE accumulation would not be achieved
and that we would then perform B-TACE with miriplatine
(miriplatine 50 mg, Lipiodol 2.5 mL, and 1 mm-Gelpart) at
A8. The patient then received transcatheter arterial chemo-
therapy under balloon occlusion with miriplatine; a total of
miriplatine 70 mg and Lipiodol 4.5 mL was injected from
both the right and left hepatic arteries.

CEUS findings (micro-balloon catheter placed in AS)
The procedures employed for CEUS examination were the

same as for case 1.

e B-mode US findings (Fig. 5a): The image shows a
slightly hyperechoic HCC nodule in segment &
(arrows).
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Fig. 5 Same case as in Fig. 4. The micro-balloon catheter is placed at
A8. a B-mode US shows a slightly hyperechoic HCC nodule in
segment 8 (arrows). b CEUS with IV injection of Sonazoid during
balloon deflation shows that the HCC nodule (arrows) is completely
enhanced in the arterial phase and that the adjacent liver parenchyma
is also enhanced in the portal phase. ¢ Vascular phase of CEUS with
IV injection of Sonazoid during balloon inflation shows that the HCC
nodule (arrows) is enhanced to the same degree as during balloon
inflation in the arterial phase and that the adjacent liver parenchyma is
also well enhanced in the portal phase. d CEUS with IA injection of
Sonazoid during balloon deflation shows that the HCC nodule

e CEUS findings with 1V injection of Sonazoid during
balloon deflation (Fig. 5b): The image shows that the
HCC nodule (arrows) is completely and strongly
enhanced in the arterial phase, followed by enhance-
ment of the adjacent liver parenchyma.

o CEUS findings with IV injection of Sonazoid during balloon
occlusion (Fig. 5¢): The image shows that the HCC nodule
(arrows) is enhanced to the same degree as during balloon
deflation in the arterial phase and that the adjacent liver
parenchyma is also well enhanced in the portal phase.

e CEUS findings with IA injection of Sonazoid during
balloon deflation (Fig. 5d): The image shows that the
HCC nodule (arrows) is well enhanced and that the

(arrows) is well enhanced and that the adjacent liver parenchyma
perfused by AS8 is also enhanced. e CEUS with IA injection of
Sonazoid during balloon inflation shows that the HCC nodule
(arrows) is slowly and strongly enhanced. On the other hand, the
adjacent liver parenchyma is only partially enhanced as compared to
IA injection during balloon deflation. This may be due to the
obstruction of fine hepatic arteries by the micro-balloon. f CEUS with
IV injection of Sonazoid immediately after B-TACE shows that the
HCC nodule (arrows) is still enhanced, indicating that treatment was
not effective

adjacent liver parenchyma perfused by A8 is also
enhanced.

e CEUS findings with IA injection of Sonazoid during
balloon occlusion (Fig. 5e): The image shows that the
HCC nodule (arrow) is slowly and completely
enhanced, exhibiting sustained enhancement. On the
other hand, the adjacent liver parenchyma is only
partially enhanced as compared to IA injection during
balloon deflation.

e CEUS findings with IV injection of Sonazoid after
B-TACE (Fig. 5f): The image shows that the HCC
nodule (arrows) is still enhanced, indicating that
treatment was not effective.
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