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Abstract

Aim The aim of this study was to evaluate the impact of
mild and moderate intrapulmonary shunting (IPS) in chil-
dren with end-stage liver disease (ESLD) undergoing liver
transplantation.

Materials and Methods A total of 73 patients (38 male,
35 female; mean age 31.5 + 35.2 months, range 6-180
months) with ESLD and subsequent liver transplantation
were enrolled. Based on contrast echocardiography, pa-
tients without IPS were assigned to group 1 (n = 57), and
patients with mild or moderate IPS were assigned to group
2 (n = 17). The preoperative age, body weight, O, satura-
tion, length of hospital stay, duration of mechanical ven-
tilation, postoperative complications, and 1-year survival
rate were compared between groups.

Results  The overall incidence of IPS and 1-year survival
rate were 23.3% (17/73) and 96% (70/73), respectively.
There were significant differences between group 1 and
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group 2 patients regarding age at transplant (35.9 vs. 16.6
months, p =0.002) and body weight (12.6 vs. 8.5 kg,
p = 0.002). There were no other statistically significant
differences between the two groups.

Conclusion Although children with mild and moderate
IPS were younger at the time of transplantation and had
significantly lower body weight than those without IPS,
the presence of mild and moderate IPS in children
with ESLD did not affect the overall outcome of liver
transplantation.

Intrapulmonary shunting (IPS) is common in patients with
end-stage liver disease (ESLD), with an estimated inci-
dence of 13% to 47% among adults evaluated for liver
transplantation [1, 2]. The etiology of IPS in ESLD re-
mains unclear. In the past, IPS with severe hypoxemia
had been considered an absolute contraindication to liver
transplantation [3, 4]. However, with improvements in
intensive care, surgical techniques, and medical treat-
ments, ESLD patients with IPS-induced severe hypoxemia
successfully treated by liver transplantation have been
reported [5—11]. In patients with IPS, complications such
as pneumonia with respiratory failure or substantial he-
patic allograft dysfunction may be encountered after liver
transplantation.

To our knowledge, the incidence of IPS in pediatric
patients with ESLD has never been reported. In addition,
detection of IPS in these patients using contrast-enhanced
echocardiography has not been fully evaluated, and the
impact of IPS on the overall outcome of liver transplan-
tation has not been elucidated. The objectives of this study
were to determine the incidence of IPS in our pediatric
patients with ESLD undergoing liver transplantation and to
evaluate the impact of mild and moderate IPS on the
overall recipients’ outcome after liver transplantation.
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Materials and methods

Between January 1998 and December 2003, a total of 140
pediatric patients with ESLD were referred to our institu-
tion for possible liver transplantation. All patients under-
went transthoracic contrast echocardiography to evaluate
the presence and severity (if present) of IPS. The echo-
cardiographic examination was repeated if the data had
been obtained more than 3 months before transplantation.
Informed consent was obtained from the patients’ parents.

The echocardiographic study was performed using a
Philips (Andover, MA, USA) SONOS 5500 system and 5-
to 8-mHz transducers. Imaging of the right-to-left shunt
was performed in an apical four-chamber view. In each
patient, a 21- or 23-gauge cannula was inserted via a
peripheral vein. IPS was detected using agitated saline as
an echocardiographic contrast agent. Contrast echocardi-
ography was performed according to Krowka’s method [1].
After connecting two 10-ml syringes to the intravenous
cannula in a three-way stopcock, another syringe with 5 ml
of saline solution was mixed with 0.2 ml of carbon dioxide
and connected to the three-way stopcock. After agitating
the saline solution for 10 to 15 seconds, a forceful hand
injection was applied, and simultaneous two-dimensional
echocardiographic evaluation of the heart in an apical four-
chamber view was performed. A simultaneous electrocar-
diography recording was also obtained to facilitate detec-
tion and timing of contrast occurrence in the atria. Two
injections were performed in each patient to obtain an
optimal contrast effect in the resting state. Contrast echo-
cardiograms were analyzed for time delay (in frames) be-
tween the occurrence of microbubbles in the right atrium
and the initial occurrence in the left atrium. The exami-
nation was performed without sedation in most patients.
Oral chloral hydrate (50 mg/kg) was given to uncoopera-
tive patients.

Contrast echocardiography was considered negative if
microbubbles were not observed in the left atrium.
Simultaneous contrast occurrence in the left and right atria
or less than three heart cycles indicated the presence of
intracardiac shunt, and the patient was excluded from the
study. IPS was identified by the initial occurrence of mi-
crobubbles in the left atrium beyond three beats of opaci-
fication of the right atrium (RA). IPS was diagnosed and
classified by contrast echocardiography according to
Donovan’s method [12]. The opacification of the left at-
rium (LA) by microbubbles was compared with its coun-
terpart in the right atrium. The degree of opacification of
the left atrium by comparing the amount of microbubbles
was defined as mild (LA<< RA), moderate (LA < RA), or
severe (LA = RA). The echocardiographic images were
reviewed individually by an experienced pediatric cardi-

ologist and a pediatric radiologist. Any disagreement was
resolved by consensus.

Two patients with severe IPS by echocardiography were
further studied using arterial blood gas analyses, techne-
tium-99m macroaggregated albumin (**™Tc-MAA) scin-
tigraphy, and angiography for confirmation and were
excluded from this study. In addition, 15 patients with
intracardiac shunt and 50 on-list potential candidates for
liver transplantation were excluded. A total of 73 patients
with confirmed echocardiographic examinations and who
subsequently underwent transplantation were enrolled.
Among the 73 patients, 69 underwent living donor liver
transplantation, and 4 received deceased donor liver
transplants (2 left-split and 2 full-size).

The disease indications for transplantation included
biliary atresia (60), neonatal hepatitis (8), glycogen storage
disease (4), and Wilson’s disease (1) (Table 1). There were
38 boys and 35 girls. The mean age was 31.45 + 35.25
months (range 6-180 months). Based on contrast echo-
cardiographic findings, the patients were classified into two
groups: group 1, without IPS; and group 2, with mild or
moderate IPS. The preoperative body weight, Pediatric
Model for End-Stage Liver Disease (PELD) score, Child-
Turcotte-Pugh (CTP) score, preoperative O, saturation,
length of hospital stay, duration of mechanical ventilation,
occurrence of major complications (including bowel per-
foration, sepsis, respiratory failure, intracranial hemor-
rhage), occurrence of minor complications (e.g., wound
infection, bile leak, ascites, pleural effusion, rejection), and
1-year survival rate were compared between groups.

Statistical analysis

Continuous variables were expressed as the mean = 1 SD
and were compared using the unpaired Student’s #-test.
Categorical data were expressed as proportions and were
compared using the chi-squared test or Fisher’s exact test.
The statistical procedures were performed using the Sta-
tistics Package for Social Sciences (version 9.0 for Win-
dows; SPSS Chicago, IL, USA). A value of p < 0.05 was
considered statistically significant.

Results

Fifty-six patients were in group 1, and 17 were in group 2
(13 mild, 4 moderate). The overall incidence of IPS was
23.3%. The demographic and clinical data are summarized
in Tables 1 and 2. The data are from the time of the
echocardiography study. There were significant differences
between group 1 and group 2 patients in terms of age
(35.9 = 38.7 vs. 16.6 £ 11.9 months, p = 0.002) and body
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Table 1 Baseline patient characteristics

Characteristic Group 1 (n = 56)

Group 2 (n = 17) )4

Primary liver disease Biliary atresia (47),

neonatal hepatitis (4),

Biliary atresia (13),
neonatal hepatitis (4)

GSD (4), Wilson’s disease (1)

AST (U/L)

ALT (U/L)
Bilirubin (mg/dl)
Albumin (g/dl)

229 + 248 (19-1874)
189 = 252 (15-1716)
12.2 £ 10.1 (0.2-37.0)
3.5 £ 0.6 (1.5-4.5)

TP (g/dl) 6.3 = 1.0 3.0-8.1)
ALK-P (U/L) 643 + 348 (33-1658)
GGT (U/L) 231 + 233 (7-947)
BUN (mg/dl) 11 + 4 (5-26)

Cr (mg/dl) 0.4 + 0.2 (0.1-0.9)
Hgb (g/dl) 10.0 + 1.7 (6.8-13.4)

Platelet (x10%mm?) 18.8 + 12.2 (0.9-48.3)

281 + 138 (76-562) 0.964
173 + 93 (51-398) 0.271
14.1 = 7.2 (2.8-30.7) 0.130
3.3 £ 0.8 (1.5-4.6) 0.259
56+ 1.0 (3.0-7.1) 0.968
770 + 456 (82-1778) 0.167
387 + 291 (28-971) 0.339
9 + 4 (3-18) 0.983
0.3 £ 0.1 (0.2-0.5) 0.433
10.0 + 1.8 (6.4-12.6) 0.747
17.9 = 9.6 (0.8-40.8) 0.118

GSD: glycogen storage disease; AST: aspartate aminotransaminase; ALT: alanine aminotransaminase; TP: total protein; ALK-P: alkaline
phosphatase; GGT: y-glutamic transaminase; BUN: blood urea nitrogen; Cr: creatinine; Hgb: hemoglobin

Table 2 Clinical data and outcome of the 73 patients after liver
transplantation

Parameter Group 1 Group 2 )4
(n = 56) (n=17)

Age (months) 35.9 + 38.7 16.6 £ 11.9 0.002
Sex (F/M) 26/30 9/8 0.638
Body weight (kg) 12.6 = 8.8 85+25 0.002
PELD score 159+ 112 155+ 11.1 0.921
CTP score 87x28 7.6 £33 0.689
O, saturation 952% £ 13% 94.6% = 1.5% 0.643
Days on ventilator 22+47 14 +1.7 0.506
Complications

Major 7/56 1/17 0.672

Minor 22/56 8/17 0.568
Length of hospital stay 51.9 + 20.0 46.8 + 18.1 0.326

(days)
1-Year survival 54/56 16/17 0.554

PELD: pediatric model for end-stage liver disease; CTP: Child-Tur-
cotte-Pugh

weight (12.6 + 8.8 vs. 8.5 + 2.5 kg, p = 0.002) at the time
of transplantation. There were no statistically significant
differences between the two groups in terms of their PELD
scores (15.9 £ 11.2 vs. 155+ 11.1, p=0.921), CTP
scores (8.7 + 2.8 vs. 7.6 £ 3.3, p = 0.689), preoperative O,
saturation (95.2% =+ 1.3% vs. 94.6% + 1.5%, p = 0.643),
length of hospital stay (51.9 + 20.0 vs. 46.8 + 18.1 days,
p = 0.326), duration of mechanical ventilation (2.2 + 4.7
vs. 1.4 £ 1.7 days, p = 0.506), occurrence of major com-
plications [7/56 (12.5%) vs. 1/17 (5.9%), p = 0.672],
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occurrence of minor complications [22/56 (39.3%) vs. 8/17
(47.1%), p = 0.568], and 1-year survival rate [54/56 (6.4%)
vs. 16/17 (94.1%), p = 0.554]. Altogether, 48 of the 56
patients in group 1 were extubated on postoperative day 1,
and 4 were extubated on postoperative day 2; the 4 other
patients were extubated on postoperative days 8, 18, 22,
and 25, respectively. Of the 17 patients in group 2, a total
of 16 were extubated on postoperative day 1, and the other
patient was extubated on postoperative day 2. All patients
were dyspnea-free after extubation, and no patient required
reintubation.

The complications were categorized as major or minor.
The major complications included bowel perforation (2),
pneumonia with respiratory failure (2), sepsis (2), sepsis
and left intracranial hemorrhage (1), and portal vein
occlusion and hepatic necrosis (1). Five of these eight
patients were < 1 year old. Minor complications occurred
in 22 of 56 group 1 patients and in 8 of 17 group 2 patients.
Overall, the minor complications included ascites (14),
rejection (10), pneumonia without respiratory failure (6),
wound infection (4), hepatic vein stenosis (4), bile leak (2),
cytomegalovirus infection (2), pleural effusion (1), central
line infection (1), glomerulonephritis (1), and cholangitis
(1). Fourteen patients had more than one complication.
Two patients in group 1 died: One patient (biliary atresia)
died on postoperative day 43 owing to sepsis and intra-
cranial hemorrhage as a complication of early postopera-
tive portal vein thrombosis, and the other patient (biliary
atresia) died of posttransplant lymphoproliferative disorder
9 months after transplant. One patient in group 2 (neonatal
hepatitis) died on postoperative day 10 owing to early
portal vein thrombosis. None of the mortality was related
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to a deceased donor, and there was no difference in post-
transplant recovery compared to those who had had a living
donor in our study. The overall 1-year survival rate was
96% (70/73).

Discussion

Hypoxemia in ESLD patients is usually due to the pres-
ence of IPS, which is generally progressive. The prog-
nosis of these patients is guarded even if they have stable
hepatic dysfunction [13, 14]. Various methods have been
tried to improve oxygenation, but the results are still
unsatisfactory [15-18]. Whether IPS is related to a spe-
cific mediator remains elusive. The resolution of severe
hypoxemia after successful liver transplantation has been
reported [5—11]. However, significantly higher morbidity
and mortality rates in these patients have also been de-
scribed [19, 20]. Liver transplantation in patients with
severe IPS is still controversial. Most of the previous
studies concerning IPS in ESLD patients were done in
adults [21, 22]. A prospective evaluation of the impact of
mild and moderate IPS in pediatric ESLD patients before
and after liver transplantation has not been well ad-
dressed. In our study, the overall incidence of mild and
moderate IPS was 23.3% (17/73), and the outcome of
liver transplantation is excellent, with an overall 1-year
survival rate of 96% (70/73).

Hepatopulmonary syndrome usually affects older chil-
dren or adult patients, but it should be noted that IPS can
occur in any age group especially when liver dysfunction
progresses quickly. In this series, higher rates of IPS were
seen among younger patients without detectable differ-
ences in liver disease severity, and the speed of liver
function deterioration is a possible contributing factor.

The diagnosis of severe IPS or hepatopulmonary syn-
drome requires the demonstration of dilated pulmonary
vessels, Pao, < 70 mmHg, or an arterial-alveolar gradient
of > 20 mmHg while breathing room air [23]. Several
diagnostic methods have been used to study pulmonary
vasodilation in hepatopulmonary syndrome, including an
A-aDo, study, pulmonary angiography, *"Tc-MAA scin-
tigraphy, and contrast echocardiography [24]. The A-aDo,
is high when IPS exists; however, it may also show ele-
vated results in many cardiovascular or lung diseases and is
not specific for IPS. In addition, most mild and moderate
IPS patients have preserved normal gas exchange. Contrast
echocardiography is extremely sensitive and can detect a
small right-to-left shunt even when the systemic arterial
saturation is normal [25]. In our study, only two patients
had O, saturation of < 90%.

Pulmonary angiography is the gold standard for imaging
and localizing pulmonary vascular abnormalities in pa-

tients with hepatopulmonary syndrome. However, in the
presence of mild or moderate IPS, the pulmonary vascu-
lature may show no gross abnormality. A disadvantage of
angiography is that it is invasive and unsuitable for routine
screening.

The severity of mild and moderate IPS may be under-
estimated. The diagnosis has been greatly improved by
lung perfusion scanning and contrast echocardiography,
which are now being used as preoperative screening stud-
ies. “™Tc-MAA scintigraphy is a practical method for
evaluating the degree of IPS, but this technique does not
distinguish between IPS and intracardiac shunting. It may
also give a false-positive result if free, unbound **™Tc
passes through normal-size vessels [26]. On the contrary,
contrast echocardiography can differentiate between in-
trapulmonary and intracardiac shunting and can be used to
evaluate the severity of IPS by detecting microbubbles
immediately or during the delay phase in the left side of the
heart after the microbubbles first appeared in the right side
of the heart. Contrast echocardiography is a convenient
choice because it does not expose the patient to radiation,
and it has higher sensitivity and specificity than *™Tc-
MAA scintigraphy in the diagnosis of IPS because mi-
crobubbles made of saline are smaller than albumin
aggregates and can pass through the IPS [27]. Abrams et al.
compared the accuracy of contrast echocardiography and
lung perfusion scans in detecting hepatopulmonary syn-
drome (37.5% vs. 7.5%) [27]. In their study, positive lung
scans were present in 3 of 40 ESLD patients who also had
positive contrast echocardiogram results. However, 12 of
the 40 patients who had positive contrast echocardiogram
findings had negative lung perfusion scans. In our study,
contrast echocardiography was routinely performed to
evaluate patients preoperatively. Other diagnostic modali-
ties, such as pulmonary angiography and *°™Tc-MAA
scintigraphy, were used for the evaluation of severe IPS
detected on routine contrast echocardiography.

Fewtrell et al. reported that patients with severe IPS
required prolonged ventilation after liver transplantation
[11]. In our experience, patients with mild or moderate IPS
were characterized by subtle delayed left atrial echoge-
nicity seen on contrast echocardiography. This suggests
that only small amounts of microbubbles pass through the
lungs during oxygenation, and the hemodynamic status is
essentially normal. In addition, there was no statistically
significant difference in terms of O, saturation or duration
of mechanical ventilation between patients with and
without mild to moderate IPS. Hence, the presence of mild
and moderate IPS had no apparent adverse impact on
postoperative respiratory recovery.

Common complications seen after liver transplantation
include wound infection, bile leakage, bowel perforation,
intestinal obstruction, and portal vein thrombosis [28, 29].
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Other complications, such as cholangitis, acute rejection,
sepsis, intracranial hemmorage, respiratory failure, and
multiple organ failure, have also been reported [28, 29].
The incidence of surgically related complications in hyp-
oxemia patients with ESLD was 56%, as reported by
Uemoto et al. [28]. IPS was believed to be a potential risk
factor. Therefore, identifying patients with IPS before liver
transplantation is a prognostic variable.

The long-term outcome of liver transplantation in chil-
dren is dependent on their age. In our institution, the pa-
tients with body weight < 10 kg had a higher operative
complication rate than patients with body weight > 10 kg
[30]. In the study, although the group 2 patients were of
younger age and had a lower body weight than the group 1
patients, there was no significant difference in the mor-
bidity and mortality during liver transplantation. Therefore,
we conclude that the presence of mild or moderate IPS in
patients with end-stage liver disease does not affect the
overall outcome of liver transplantation.

Although severe IPS may affect the outcome of liver
transplantation, the results in our series showed that the
presence of mild or moderate IPS does not increase the
morbidity or mortality associated with pediatric liver
transplantation. However, there were three limitations in
this study. First, the major weakness is that there were few
cases of severe IPS (13 mild, 4 moderate), so this does not
advance the debate on the selection of such patients for
transplantation. Second, 15 patients with intracardiac
shunting were excluded. These patients may also have
concomitant IPS. Third, the natural history of the devel-
opment of IPS is unknown, and the duration of progression
from mild to severe IPS can hardly be predicated. On the
other hand, our study supports the concept that early rec-
ognition of IPS in ESLD patients using contrast echocar-
diography is valuable for facilitating early transplantation
in these patients and thus may avoid possible progression
to severe IPS. Thus, pediatric ESLD patients of younger
age and lower body weight with mild or moderate IPS can
undergo liver transplantation with an excellent outcome,
and complete regression of the IPS can be attained.

Conclusions

Contrast echocardiography is a good preoperative screen-
ing modality for IPS. The presence of mild or moderate IPS
has no adverse impact on the outcome of liver transplan-
tation in this subset of patients.
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