Alatas et al JPGN = Volume 54, Number 4, April 2012

TABLE 2. Types of ICH as determined by head CT scans upon admission and/or MRI/MRA during hospitalization, and subsequent
procedures performed and outcomes

MRI/MRA during FU
Onset of hospitalization (1st—5th wk Invasive duration,
Case Sex ICH, d Type of ICH after admission) procedure Outcome mo
1 F 50 IPH NA — Died 278
2 F 54 IPH, MS(+) NA — Died 36
3 F 66 SDH, IPH, MS(+) P/O ICH; bilateral SDH; Craniotomy Died 33
left EDH; bilateral cerebral
atrophy; veniricle enlargement;
encephalomalacia
4 F 76 SAH Left temporal lobe — . Alive (LDLT) 108
encephalomalacia; old SAH
5 F 47 SAH, IPH, MS(+) Laminar necrosis; ventricle — Alive (LDLT) 80
enlargement; corpus callosum
atrophy; bilateral brain atrophy;
encephalomalacia; old SAH;
and IPH
6 F 69 SDH, MS(+) P/O 1CH; SDH; laminar necrosis; Craniotomy Alive 75
encephalomalacia of left MCA
territory
7 F 72 SDH, MS(+) Acute bilateral SDH; no new s Alive 22
hemorrhage

EDH = epidural hematoma; FU = follow-up; ICH = intracranial hemorrhage; IPH = intraparenchymal hemorrhage; LDA = low-density area; LDLT =
living donor liver transplantation; MCA = middle cerebral artery; MRA = magnetic resonance angiography; MRI = magnetic resonance imaging; MS =
midline shift; NA = not applicable; P/O = postoperative; SAH = subarachnoid hemorrhage; SDH = subdural hemorrhage.

TABLE 3. Results of routine laboratory examinations, coagulation data, and therapy administered upon admission

Coagulation data

Routine laboratory Before vit K After vit K
examination administration administration
PIVKA-II,
Hb, Platelets, AST, ALT, DB, HPT, arbitrary
Case g/dL 10%cells/ul g/dl  g/dl  mg/dL % INR  unit/mL PT,s APTT,s Therapy PT,s APTT,s
1 8.6 233 184 97 68 <10 No data No data Vit K 0.5 mg/  11.8 34.9
‘ kg IV

2 7.3 20.8 238 145 9.2 <5 50.3 198.7 Vit K 1 mg/ 124 36.1
kg IV 4 FFP

3 4.1 38.7 152 101 4.64 3.36 >40 36.2 673 VitK I mg/ 13.1 32,5
kg IV +FFP

4 4.6 48 224 107 9.82 >200 >200 Vit K I mg 18.5 37.7
IV +FFP

5 8.5 39 155 124 4479 702 1.31] 114 >200 >200 Vit K 1mg 13 26.4
IV + FFP

6 10.5 413 138 91 9.6 24.7 >50 >200 Vit K 1mg 11.7 41.6
IV +FFP

7 8.0 61.1 43 38 32 119 227 >75 No data  >150 VitK 0.5 mgf 136 40.3
kg IV
(at other
hospital)

ALT = alanine aminotransferase; APTT =activated partial thromboplastin time; AST = aspartate aminotransferase; DB = direct bilirubin; FFP = fresh
frozen plasma; Hb = hemoglobin; HPT = hepaplastin; IV = intravenous; INR = international neutralized ratio; PIVKA-II = protein induced in vitamin K-1I;
PT = prothrombin time.
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TABLE 4. Results of follow-up at 2 years of age in BA patients with ICH

Detail developmental Laboratory examination

Development description (maximum
Case  Sex assessment ability compared with age) EEG AST, g/dL  ALT, g/dL DB, mg/dL
1 F  Developmental delay NA NA 236 223 9.4
2 F Developmental delay NA NA 255 135 11.2
3 F Developmental delay NA NA 124 59 21.1
4 F Cognitive impairment Motor = 2 y 4 mo, Abnormal/polyspike 151 98 29
social &= 2 y 4 mo, (subclinical seizure)
speech =~ 1 y 8 mo
5 F Developmental delay Motor = 1y 2‘mo, Abnormal EEG (poor 102 80 02
social = 1y 9 mo, activity in left hemisphere)
speech = 1 y 1 mo
6 F Normal development  Normal; mild right Abnormal EEG (lazy activity 32 19 0.0
hemiplegia (upper in left frontal lobe)
extremity stronger)
7 F Normal development  Normal Normal 34 12 0.1

ALT =alanine aminotransferase; AST = aspartate aminotransferase; BA =biliary atresia; DB =direct bilirubin; EEG = electroencephalography;
[CH = intracranial hemorrhage; NA = not available.

LDA was found in the left hemisphere. In addition, neurologic
sequelae such as right hemiparesis were observed. In contrast, head
CT in case 7 also showed SDH and MS at admission; however,
during follow-up, head CT showed a complete resolution and no

prophylactic administration of vitamin K is not sufficient to prevent
bleeding disorders in infants with BA (4,6). As described in our
study, all of our cases received 2 mg prophylactic oral adminis-
tration of vitamin K during the neonatal period; nevertheless, ICH

still occurred in 7.95% of our patients with BA. The prophylactic
failure is probably the result of their increased bleeding tendency
caused by secondary late-type VKD associated with cholestasis-
induced malabsorption of vitamin K in the digestive tract, as
mentioned in previous studies (2,6). This is supported also by a
study by Van Hasselt et al (13), which described the risk of VKDB
in breast-fed infants with BA receiving 25 ug oral vitamin X from

LDA was found. Clinically, case 7 also did not show any neurologic
sequelae (Fig. 1). )

DISCUSSION

Several recommendations for vitamin K administration had
been proposed for all of the newborn infants (12); however, the

TABLE 5. Resuits of follow-up head CT scan and persistent neurologic sequelae

Type of ICH

Case Sex at admission CT scan (last examination) Neurologic sequelae

1 F IPH LDA consistent with Mental retardation
encephalomalacia,
cerebral atrophy,
ventricle enlargement

2 F IPH, MS(-+) NA Epilepsy

3 F SDH, IPH, MS(+) Cerebral atrophy (bilateral), Developmental delay
LDA cousistent with
encephalomalacia,
ventricle enlargement

4 F SAH LDA consistent with No sequelae
encephalomalacia

5 F SAH, IPH, MS(+) LDA consistent with Mild mental retardation;
encephalomalacia, mild hemiparesis
ventricle enlargement

6 F SDH, MS(+) LDA consistent with Mild hemiparesis
encephalomalacia, slightly
enlargement of lateral ventricle

7 F SDH, MS(+) No abnormalities (LDA [—]) No sequelae

CT = computed tomography; IPH = intraparenchymal hemorrhage; LDA = low-density area; MS = midline shift; NA = not available; SAH = subarachnoid
hemorrhage; SDH = subdural hemorrhage.
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FIGURE 1. Comparison of head computed tomography (CT)
scans at admission and during follow-up. A, Head CT of case 6
at admission, showing subdural hemorrhage (SDH) (arrow-
head) and midline shift (MS) (arrow). B, Head CT of case 6
during follow-up, showing low-density area (LDA) consistent
with encephalomalacia in the left hemisphere without new
hemorrhage (arrow). C, Head CT of case 7 at admission,
showing SDH (arrowhead) and MS (arrow). D, Head CT of
case 7 during follow-up, showing no abnormalities.

the second week until the end of the 13th week was § to 10 times
higher than in breast-fed infants receiving either a higher weekly
oral prophylaxis dose or intramuscular (IM) prophylaxis at birth.
More than 80% of the infants in that study developed VKDB by the
time that cholestasis was diagnosed, and 43% presented with an
ICH. A comparison study of VKD and VKDB risk in cholestatic
jaundice infants who received regular infant formula and hypo-
allergenic formula by Van Hasselt et al (14) also reported that an
increased risk is predominant in cholestasis infants receiving
(whey-based) hydrolyzed formula. In the present study, we also
describe that of 7 patients, 4 patients received BF only, whereas
1 patient received only regular FM and 1 patient received both BF
and FM; however, in the present study we could not overestimate
that BF is related to the development of ICH because of a lack of
data about infant nutrition from the rest of the patients with BA who
did not have ICH complication. Moreover, regarding the adminis-
tration route of vitamin X, Komatsu et al also described a case of
ICH in 2 infants with the late type of VKD despite 3 administrations
of 2mg oral vitamin K after birth, at 5 days old and 1 month old
(15). Although the underlying diseases of these patients until
hospital discharge remain undetermined, it is suggested that pro-
phylactic oral vitamin K failed to prevent ICH in late-type VKD.

In the present study, all of the patients fulfilied the criteria of
VKDB. Elevation of the PT at admission (range 36.2 to >200
seconds) was found in all of the patients with available data and was
rapidly improved after administration of IV vitamin K and FFP
(range 11.7-18.5 seconds). One patient (case 1) did not have exact
PT data upon admission (referral information from the previous
hospital was not complete); only PT and APTT were written as
clevated and the patient had been administered with 2 mg vitamin K
intravenously; however, hepaplastin test upon admission was
<10% and PT after 24 hours’ administration of vitamin K returned
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to the normal level, combined with improvement of bleeding
tendency. Therefore, we concluded that case 1 fulfilled the VKDB
criteria, and counted as ICH-associated VKDB. In addition,
an elevated PIVKA-II level was also found in all 3 patients whose
PIVKA-II levels were measured and 1 patient just written elevation
of PIVKA-Il in the referral letter. Grossly abnormal PT with a rapid
normalization of coagulation test and bleeding tendency after
vitamin K administration combined with an elevation of
PIVKA-II level, despite a normal platelet count, were characteristic
findings of laboratory examinations in patients with VKD
(7,10,16,17). The severity of the coagulation disorder was not
inversely proportional to the value of hemoglobin. Nevertheless,
the severity of anemia was probably related to the symptoms at
admission, as shown in our 2 patients with severe anemia, both of
whom had dyspnea as a presenting symptom. Nevertheless, dyspnea
could also occur as a cause of brain swelling or compression.

In the present study, intraparenchymal hemorrhage with
MS was the most common lesion found in CT images. These
findings are different from other reports, which found SDH and
subarachnoid hemorrhage as the most common types of ICH (8,16).
In addition, in 2 of 7 of our cases, >1 lesion was found on CT. This
finding is similar to Majeed et al (8), who reported that most of the
children presenting with VDKB had hemorrhage in multiple sites,
and pallor was seen in all of the infants (100%). Recently, magnetic
resopance (MR) imaging was widely used in clinical practice
for neonates with brain injury because of its high sensitivity for
depicting a developing brain. MR can provide greatly detailed
images of brain structures without exposing infants to ionizing
radiation (18). CT is frequently used in workup in children with
sudden onset of neurologic symptoms, especially to rule out acute
hemorrhage. In addition, MR demands particular care with regard
to patient transport, monitoring of vital signs, and optimization
of acquisition techniques (use of appropriate coils, sequences, and
protocols) (18-20). In our institution, we use head CT as a
diagnostic tool for emergency brain injury, especially because
CT was faster as compared with MR (<5 minutes), did not require
any sedation, and allows close monitoring of vital signs during
evaluation of unstable neonates after ICH. During hospitalization,
except for 2 patients who were born before 1995, MR imaging
and MR angiography were done after patients’ conditions were
stabilized, to obtain an accurate evaluation, which revealed a more
clear description of late brain complications as early as the first
week after ICH (Table 2).

In spite of the wide variety of lesions in our cases,
craniotomy was done only in 2 cases, without correlation to the
lesion(s) itself, and was done before laparatomy. The indications of
craniotomy of our patients were increased intracranial pressure with
worsening of consciousness and the presence of anisocoria
suggesting severe brain compression caused by large hemorrhage.
The other cases were treated supportively or were treated for
mncreased intracranial pressure or cerebral edema, if suspected.
With or without surgical intervention for hematomas, a laparatomy
was performed in all of our patients on an average of 22.3 days after
the onset of evacuation of ICH and 9 days at the earliest. This was
based on the fact that the Kasai portoenterostomy has become
the primary surgical freatment for uncorrectable BA (21-23).
In patients with BA with ICH as a presenting symptom, early Kasai
portoenterostomy is also recommended. In the patients presenting
with ICH and in those who have undergone craniotomy, early Kasai
portoenterostomy is possible only when both hemorrhage and
the bleeding tendency are well controlled. IV administration of
vitamin K at 0.5 to 1.0 mg/kg, with or without addition of FFP given
concwrrently for more rapid restoration, is effective in patients
with VKDB (16,24). Vitamin K administration had been reported
to improve bleeding tendency within 1hour and normalizes the

WWW.jpgn.org

— 166 —



GN ¢ Volume 54, Number 4, April 2012

ICH-Associated VKDB in Biliary Atresia

ragulation within several hours, to facilitate even an urgent
aniotomy (6). In our patients with or without craniotomy, no
fficulties in hemostasis or recurrent hemorrhage were noted after
itial administration of vitamin K IV and FFP. These findings
1ggest that surgical intervention for ICH has no adverse effects on
¢ subsequent surgical management of BA if coagulation disorders
© managed properly.

Studies on the long-term follow-up reported that some

;urologic  sequelae, such as developmental delays, mental
tardation, and epilepsy, were observed in more than half of the
atients with ICH caused by VKD (25,26). In the present study,
svelopmental delay in all of the evaluation aspects showed in
patients at 2 years of age, which in 3 patients remains until the end
fstudy follow-up. At further follow-up until the end of the present
udy (at 22-278 months), none of the patients died of ICH. Causes
fdeath of our patients were end-stage liver diseases in those unable
» undergo liver transplantation, in which the progressivity of the
isease already could be seen at 2-year follow-up (Table 4). Follow-
p imaging studies obtained using head CT scans showed an LDA
onsistent with encephalomalacia in the left hemisphere in 5 cases.
Intil the end of our observation, some neurologic sequelae
ersisted in 5 of 7 cases. The type of neurologic sequelac found
sere mental retardation in 2 cases, epilepsy in 1 case, hemiparesis
12 cases, and developmental disorder in 1 case, with no correlation
> the substantial ischemic brain damage demonstrated on CT.
Aental retardation in case 1 was determined by an IQ measurement
f 47 combined with a marked decreased ability to interact with
ndividuals at 20 years of age without mental retardation. These
indings are in agreement with the latest head CT evaluation, which
howed a marked cerebral atrophy, cerebral ventricle enlargement,
1d encephalomalacia. Unfortunately, the MRI/MRA evaluation is
10t available in this patient; however in case 5, mental retardation
vas determined by an IQ measurement of 70 at 6 years of age,
:ombined with a decreased ability to speak, write, and understand
sonversation. In this patient, in addition to the MRI/MRA findings
it 3 months of age (Table 2), a follow-up head CT showed brain
itrophy, ventricle enlargement, and encephalomalacia. Further-
nore, MRI evaluation also showed atrophy at the splenium and
‘he posterior part of the corpus callosum, which explains the low IQ
neasurement (figure not shown). In spite of mental retardation, case
3 was enrolled in mainstream elementary school because the mental
-etardation was on the borderline. Compared with Akiyama et al (3),
who found only 2 of 15 patients with long-term neurologic sequelae,
the present study showed a higher incidence; however, the long-
term outcomes observed in our cases were similar to those for other
cases of ICH, which were not associated with BA. In addition, the
neurologic sequelae found in our patients did not correlate with the
severity of the clinical findings, the laboratory findings, or the need
for craniotomy. These findings suggest that the long-term outcomes
cannot be predicted from examinations during admission, and even
a mild lesion should be managed properly.

In conclusion, although vitamin K prophylaxis had been
given during the neonatal period, VKDB-associated ICH was still
found in 7.95% of patients with BA, of whom 4 received exclusive
BF. In regard to the low concentration of vitamin K in breast milk
compared with regular FM, apparently healthy infants who received
exclusive BF during 6 months of life and oral prophylactic vitamin
K should be monitored closely. Based on our long-term observation,
even though the rate of ICH in patients with BA is low, it should be
managed properly to prevent long-term neurologic disability, as
shown in 5 of our patients. Based on our study and other studies
from Japan, we suggested that 2 mg of oral vitamin K. 3 times during
the neonatal period should be reevaluated for their protective
dose against ICH. A study comparing routes of administration of

www.jpgn.org

neonatal vitamin K should be conducted to investigate the effec-
tiveness of oral and IM administration of vitamin K in preventing
the occurrence of ICH in infants with BA.
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Abstract

Background In liver transplantation (LT) for adult bili-
ary atresia (BA), we often encounter a cirrhotic defor-
mation of the native liver. We aimed to investigate a
morphological study of the removed livers and the
patient’s clinical status.

Methods We examined 8 BA patients who had undergone
LT in adulthood at our hospital. The presence of hyper-
trophic or atrophic areas of the removed liver was recorded
macroscopically. We graded the microscopic findings in
the porta hepatis area, a hypertrophic area, and an atrophic
area, respectively. Moreover, we investigated the rela-
tionship between these morphological findings and the pre-
transplant clinical status (MELD score).

Results Macroscopically, a hypertrophic area existed in
central liver in all cases (8/8 cases), while an atrophic area
was existed in peripheral liver (7/8 cases). Microscopically,
an atrophic area was the most severely impaired, while the
porta hepatis and hypertrophic area were relatively intact.
The pathological score in a compensatory hypertrophic
area was strongly correlated with the MELD score.
Conclusions This study suggests that the partial shrinking
is not uncommon in BA cirrhotic liver. It may be due to the
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imbalance of bile drainage by the different segment. The
patient’s pre-transplant status depends on the compensatory
hypertrophic liver.

Keywords Biliary atresia - Removed liver -
Hypertrophy - Atrophy - MELD score

Introduction

The prognosis of patients with biliary atresia (BA) has
improved since the introduction of hepatic portoenter-
ostomy by Kasai and his colleagues in 1959 [1].
Although the majority of patients have decreased or a
complete lack of jaundice, and have a normalized liver
function test transiently after Kasai’s portoenterostomy
(KP) [2], most patients unfortunately experience the
progression of liver dysfunction related to ongoing
liver fibrosis and postoperative complications such as
cholangitis, portal hypertension, esophageal varices,
and hepatic failure.

Liver transplantation (LT) is the only curative treat-
ment for cirrhotic BA, although some patients are now
reaching adulthood with their native liver after treatment
with KP. However, most BA patients still have to even-
tually undergo LT. In LT for adult BA, we often
encounter a cirrhotic deformed native liver. The patho-
genesis of the deformity of the cirrhotic BA liver is still
unclear. In this paper, we aimed to -investigate the
importance of a long-term biliary drainage by a mor-
phological and clinicopathologic study of the livers
removed during living donor liver transplantation for
adult BA. Moreover, we also investigated the relationship
between the patients’ pre-transplant status and the his-
topathology of the removed livers.
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Patients and methods

We examined 8 BA patients who had undergone living
donor LT in adulthood (19-28 years old) at Department of
Pediatric Surgery in Kyushu University Hospital between
October 1996 and December 2009. All removed whole
livers at LT were examined. The livers were macroscopi-
cally examined for the presence of hypertrophic or atrophic
areas. Standard histology blocks were taken from the porta
hepatis area, the hypertrophic area, and the atrophic area
(about 10 blocks per case). Specimens were stained with
hematoxylin and eosin, and the extent and distribution of
fibrosis was assessed. The grade of liver damage based on
the findings, including intrahepatic inflammation, fibrosis,
ductular reaction, and bile congestion, was assessed and
scored in a porta hepatis area, a hypertrophic area, and an
atrophic area, respectively.

The histological scoring was determined as follows: (1)
intrahepatic inflammatory cells proliferation [none: A0/
score 0, mild: Al/+1, moderate: A2/+2, and severe: A3/
+3], (2) fibrosis [none: FO/0, fibrous dilatation of periportal
area: F1/+1, bridging fibrosis: F2/42, fibrosis with
deformed centrilobular construction: F3/4-3, and cirrhosis:
F4/+4], (3) ductular reaction [none: DO0/0, mild: sur-
rounding less than 1/3 of the portal area (D1/+1), moder-
ate: surrounding 1/3-2/3 of the portal area (D2/42), and
severe: surrounding more than 2/3 of the portal area (D3/
+3)], (4) bile congestion [none: BO/0, mild (in hepato-
cytes): B1/4-1, moderate (in the ductular area): B2/+2, and
severe (in the bile duct at the centrilobular area): B3/+3.]
This pathological grading as for A and F is a standard

Fig. 1 a A deformed liver
removed at liver transplantation
in adulthood. The liver shows
markedly atrophic in the right
lobe and left lateral segment,
and remarkable hypertrophy in
left medial segment. b A
divided surface shows the two
distinct areas. ¢ The micro bile
duct orifice from each area at
the hilum. The orifice from the
atrophic peripheral liver locates
the bilateral sides at the hilum

LLS: Left interal segment
LAS: Left medial segment

RL: Right lobe

;@_ Springer

classification described in the previous report [3], while the
grading system as for D and B is our original classification.
These histological features thought to be important in the
evaluation of a cholestatic liver damage were selected
according to the previous report [4]. These scoring were
reviewed blindly by two pathologists.

Moreover, we investigated the relationship between
these morphological findings and the patient’s pre-trans-
plant clinical status (model for end-stage liver disease,
MELD score) which is calculated by serum creatinine,
bilirubin and international normalized ratio (INR) of pro-
thrombin time as described in the previous literature [5]. In
this study, the MELD score was calculated in all cases by
the blood test performed just before LT. This study was
performed according to the Ethical Guidelines for Clinical
Research published by the Ministry of Health, Labor, and
Welfare of Japan on July 30, 2003.

Results
Macroscopic findings in the removed livers

Macroscopically, all removed livers were able to be clearly
divided into atrophic and compensatory hypertrophic areas
as shown in Fig. . The macroscopic findings in all cases
are summarized in Table 1. The atrophic areas exist in the
right anterior segment (RAS) + right posterior segment
(RPS) + left lateral segment (LLS) in three cases, only
LLS in three cases, RAS + RPS in one case, and

LLS + left medial segment (LMS) in one case. On the
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Table 1

Case AgeatLT Sex  Atrophic area Hypertrophic area
(year)

1 19 F LLS, RAS,RPS LMS

2 23 F LLS, RAS, RPS  LMS

3 25 M LLS, LMS RAS, RPS

4 24 F LLS RAS, RPS

5 23 M LLS RAS

6 28 F LLS LMS

7 27 F RAS, RPS LLS, LMS

8 28 F LLS, RAS,RPS  LMS

LLS left lateral segment, LMS left medical segment, RAS right ante-
rior segment, RPS right posterior segment

other hand, the hypertrophic areas were present in LMS in
four cases, RAS + RPS in two cases, RAS in one case, and
LLS + LMS in one case. The atrophic area was generally
located in peripheral liver like LLS (7/8 cases). The
hypertrophic area was found in central liver such as LMS
and RAS in all cases (8/8 cases).

Microscopic findings in the removed livers

Microscopically, the cirrhotic changes in the peripheral
liver with various sizes of nodules separated by fibrous
bands with a mild chronic inflammatory infiltrate in the
stroma, and marked loss of the interlobular bile duct and
slight cholestatic changes were also seen. On the other
hand, the histology of the hypertrophic central liver indi-
cates the diffuse regenerative hyperplasia of hepatocytes
and a relatively normal appearance. The mean score in
each area with regard to the four parameters is shown in
Fig. 2. Microscopically, the atrophic areas were the most
severely impaired, and the hypertrophic and porta hepatis
areas were relatively normal grade with regard to all four
parameters.

Fig. 2 The mean pathological
scores of the removed livers. (A)
The atrophic area shows the
highest score in all parameters
[inflammatory cells
proliferation (A), fibrosis (F),
ductular reaction (D), bile
congestion (B)], followed by
hypertrophic area and porta
hepatis. In hypertrophic and
porta hepatis areas, the score
demonstrated nearly normal
compared to the atrophic area

Po At Hy

Inflammatory proliferation

The relationship between the microscopic findings
in the removed livers and the patients’ pre-transplant
status (MELD score)

The microscopic pathological scores in the hypertrophic
area and MELD score in all cases are summarized in
Fig. 3a. A significant positive correlation between the sum
of the four pathological scores in the compensatory
hypertrophic area and MELD scores was found (Fig. 3b).

Discussion

More than 50 years have passed since Kasai and his col-
leagues [1] introduced hepatic portoenterostomy as an
option for biliary drainage in patients with non-correctable
types of BA. Although KP has been accepted worldwide as
the primary operation for treating non-correctable BA,
long-term follow-up data have shown evidence of pro-
gressive liver disease in a high percentage of patients [6].
For example, Shinkai et al. [6] reported that at least half of
the adult survivors who had received KP would require LT
in the future because they already had liver cirrhosis at age
20. Therefore, some researchers do not consider KP to be a
curative treatment by itself, but rather a bridge to LT [7].

In LT for adults with BA, we often encounter a cirrhotic
deformed liver. In the present study, all removed livers
were morphologically divided into two distinct areas: the
atrophic area was located in the peripheral liver like LLS
(7/8 cases) and the hypertrophic area was in the central
liver such as LMS and RAS in all cases (8/8 cases). This
result is supported by the previous published data [8-10].
Yeung et al. [8] reported that the hepatectomy specimens
showed a central zone of relatively normal parenchyma and
a peripheral zone of cirrhosis. Takahashi et al. [9] reviewed
five livers from patients undergoing OLT for BA. All
explants showed a hypertrophic perihilar region in segment
4 with near normal bile ducts and atrophic, fibrotic areas

Fibraosis ductular reaction Bile congestion

(FJ () (B)

Po At Hy

{Po : Portahepatis Ai : Atrophic areq Hyv : Hypertrophic areq)

Po At Hy

Po At Hy
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Fig. 3 The relationship A

B

between the histological scores
and the MELD scores. a The
sum of pathological scores (A,

Hy score

MEL .
MELD AELD score

F, D, B) in the compensatory
hypertrophic area and MELD
score in each patients. b There
is a strong correlation between
the pathological scores in the
compensatory hypertrophic area
and MELD score

20 o ‘:/‘f

) é’/ e
7 y=19551x-2.2921
_R*=0.7802

0 5 10 15

Hy score

with ductopenia more peripherally. Ijiri et al. [1 1] reviewed
post-Kasai hepatectomy specimens; a large central regen-
erative nodule with relatively normal liver architecture was
found in three older children and a poorly defined central
hypertrophic area in another two cases. Taken all together
including our study, the long-term BA cirrhotic liver has
two distinct areas in most cases. This partial shrinking
pattern is different from the cirrhosis caused by the other
etiology, which is mostly totally shrunken. This different
shrinking pattern would come from the imbalance of bile
drainage by the different areas.

In the present microscopic study, the pathological scores
were worse in the atrophic area than in the hypertrophic
and the porta hepatis areas. Interestingly, the bile conges-
tion is not always diffusely occurred, the atrophic area
showed the most severe. In other words, there is an
imbalance of bile drainage. From this finding, the follow-
ing two explanations would be discussed. The first is the
inherent regional differences in the central versus periph-
eral BA liver and the second is the differences of bile
drainage after KP from two areas. Ductopenia is well
documented in liver biopsies from patients with BA after
KP. Kasai et al. showed that intrahepatic ductopenia was
progressive with increasing age, it is the character of BA
liver and may progress inherently earlier in the peripheral
liver. Regarding the bile drainage after KP, many pediatric
surgeons have historically paid a lot of attentions to the
technical aspects of KP procedure.

The extent of dissection at KP may be important for the
biliary drainage. However, the optimal depth and extent of
fibrous tissue transection and the site of suturing placement
are still controversial. Many pediatric surgeons tried
modifying the original KP, whose fibrous tissue dissection
and anastomosis area were actually quite shallow and
limited, to improve results, the anastomosis had been
extended laterally in order to drain from the lateral micro

@ Springer

(Hy : Hypertrophic areq)

bile ducts [12, 13]. However, recently, the extended lateral
wide dissection has been thought to cause more injury to
micro bile ducts and could in fact only worsen the risk for
injury. Superina et al. [14] reported that the extent of hilar
dissection had no effect on the KP outcome. Moreover, the
recently reported outcome of laparoscopic KP with narrow
hilar dissection shows good jaundice clearance [15].
Although we are not able to conclude the optimal extent of
transection from only our results, the long-term bile
drainage especially from the peripheral liver was thought to
be a critical problem at KP.

In the cirrhotic liver, the hypertrophic segment must be a
functional area, because this area had nearly normal his-
tology. It is interesting to note that the pathological scores
in the compensatory hypertrophic area demonstrated a
significant correlation with the MELD scores in the present
study. MELD score is generally used as a prognostic
indicator for patients with advanced chronic liver disease
waiting for LT on the United Network for Organ Sharing
(UNOS) waiting list [5]. To our knowledge, this is the first
report that demonstrated the significant correlation between
the pathological findings in the compensatory hypertrophic
area of the cirrhotic liver and the MELD score. The
removed BA livers in infancy or early childhood are not
always divided into two distinct areas such as the present
adult cases and look diffusely shrunken. In other words,
only the “successful” adult KP cases could have the
compensatory area and show the lower MELD score.

In conclusion, the livers removed at LT for adult BA
generally showed the atrophic area to be localized in
peripheral liver. It has clinical implications that the mor-
phological cirrhotic pattern after KP was similar in all the
present cases. Although we are not able to conclude the
optimal extent of transection from only our results, the
long-term bile drainage especially from the peripheral liver
might be a key factor. In addition, from our result of
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MELD analysis, we could conclude that the histological
status of the compensatory hypertrophic area in “success-
ful” adult BA liver was a predictive factor of the necessity
of liver transplantation.
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accurate information on prognosis is often difficult to obtain in
this condition.

Conclusions

In general, CBT are associated with poor prognosis and only
limited information is available at present due to a lack of suffi-
cient cases. Diagnosis during fetal life is difficult. It is important
to extensively evaluate the tumor on imaging (location, size and
features) and clinical features (gestational age at diagnosis, com-
plications) and select the most appropriate management of preg-
nancy and the perinatal treatment based on consultation with
various specialists. Accumulation of further data is important to
clarify the entire clinical picture and establish a management
system for this condition.
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Vincristine, actinomycin D, cyclophosphamide chemotherapy resolves
Kasabach—Merritt syndrome resistant to conventional therapies
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When kaposiform hemangioendothelioma (KHE) is accompa-
nied by Kasabach-Merritt syndrome (KMS), it may result in
considerable morbidity and mortality."? The usual treatment for
KHE associated with KMS of the extremities includes the use of
steroids, coil embolization, radiation therapy and interferon-o.
Recently, vincristine (VCR) has also been reported to be effective
to control the coagulopathy in KMS.> In the present case, KMS
was resistant to conventional therapies, and so we elected to use
VCR monotherapy. Several courses of VCR monotherapy were
insufficiently and transiently effective, and the consumptive
coagulopathy recurred. Therefore, we decided to treat this patient
using combined vincristine, actinomycin D and cyclophospha-
mide (VAC) therapy. After four cycles of VAC, KMS caused by
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infant, kaposiform hemangioendothelioma, Kasabach—Merritt syndrome, vincristine, actinomycin D and cyclophospha-

the left arm hemangioma finally resolved and there has been no
recurrence for 6 years. In this case, VAC therapy was effective
after failure of repeated VCR monotherapy.

Case report

A male infant, born at full term by spontaneous vaginal delivery,
was noted to have a large hemangioma of the left arm. He pre-
sented with anemia and thrombocytopenia at 1 month of age, and
was diagnosed with KMS. The patient was referred to National
Center for Child Health and Development for treatment of KMS
at 2 months of age. First-line systemic therapy with corticoster-
oids was initiated (prednisolone 2 mg/kg per day) with simulta-
neous irradiation (10 Gy in five fractions), but it did not affect the
tumor size or platelet counts. Subcutaneous injections of 1-3 x
10° (U/m?* body surface area) of interferon-o for 1 month and
mega-dose methylprednisolone therapy were then attempted,
which also failed to improve KMS. At this stage the patient
required 2 mg/kg per day of corticosteroids, and also needed
frequent platelet transfusions to control bleeding. Transcatheter
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Fig. 1 Histopathology showing kaposiform hemangioendothe-
lioma. The capillary vessels are diffusely proliferating in the fat
tissues, and there is evidence of dense hyperplasia of the spindle
shape cells (arrow).

embolization of the feeding artery under general anesthesia was
attempted three times. This resulted in a transient increase in the
platelet counts. KMS relapsed within 2 weeks after the embo-
lization. A biopsy showed that capillary vessels were diffusely
proliferating in the fat tissues, and there was evidence of dense
hyperplasia of spindle-shaped cells consistent with KHE, which
frequently causes KMS (Fig. 1)."%®

Considering that the therapeutic effects of steroids,
interferon-o., radiation, and embolization therapy were limited in
the present case, we decided to start VCR. VCR was given
weekly at a dose of 1.5 mg/m? (body surface area). After § weeks
of VCR injections, the rate of platelet consumption gradually
decreased, and platelet transfusions were no longer required
(Fig. 2). After 11 cycles of VCR therapy, platelet counts
increased up to 200 000/uL and were maintained at that level for
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Fig. 2 Platelet (PLT) counts after vincristine (VCR) therapy. PLT
infusions were required every day until the fifth VCR injection. After
eight courses of VCR the patient did not require PLT infusions, and
the PLT count increased from 40 000 to 250 000/uL.
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Fig. 3 Platelet counts after vincristine (VCR) or vincristine, acti-
nomycin D and cyclophosphamide (VAC) therapy. VCR was dra-
matically effective for Kasabach-Merritt syndrome (KMS) but the
effect was transient; the tumor showed regrowth and platelet counts
repeatedly decreased. After eight courses of VCR monotherapy, the
patient was treated with five courses of VAC. Remission of KMS was
achieved for >4 years.

a few months without any treatments. The tumor showed
regrowth, however, and platelet counts decreased again 4 months
after cessation of VCR therapy (Fig. 3). VCR monotherapy was
again applied for recurrent KMS. In this situation, the platelet
counts transiently increased after several episodes of VCR, but
they gradually decreased after cessation of VCR therapy. After
repeating seven doses of VCR monotherapy, at the age of 3 years
it was decided to convert to a combination therapy of vincris-
tine, actinomycin D, and cyclophosphamide (VAC). The VAC
regimen included vincristine at 1.5 mg/m? on day 1, actinomycin
D at 0.015mg/kg on days 1-5 and cyclophosphamide at
10 mg/kg on days 1-3. During VAC therapy there were no
serious side-effects. After four cycles of VAC therapy, KMS
caused by the left arm hemangioma was finally resolved and
there has been no recurrence for 6 years (Figs 3,4).

Discussion

When KHE is accompanied by KMS, it may result in consider-
able morbidity and mortality. In the present case KMS was
treated with steroids, coil embolization, radiation therapy and
interferon-o., but these therapies were totally ineffective. Biopsy
indicated KHE, which often causes life-threatening KMS.®
Several reports have recently shown VCR to be effective for
controlling the decreased platelet counts and potential mortality
associated with KMS.>**!! In addition, Haisley-Royster et al.
reported that all four patients in whom KMS relapsed after a first
course of VCR therapy, were successfully treated with second
courses of VCR.? In contrast, the present patient had a relapse of
KMS after several doses of VCR monotherapy.

Hu et al. reported that combined VAC therapy was effective
for intractable KHE associated with KMS, which was resistant to
corticosteroid therapy.” Because of toxicity considerations, such
as veno-occlusive disease, hemorrhagic cystitis, pancytopenia
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