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Background/Aims: Although the association between intrapulmonary shunt (IPS)
and liver cirrhosis is clear, data of repeated contrast echocardiography (CE) before
and after liver transplantation (LT) to evaluate factors associated with IPS are
limited.

Methods: Hand-agitated saline was used for CE and, by assessing left-chamber
opacification, IPS was classified as grade o to 4. Grade 3/4 constituted significant
IPS and hepatopulmonary syndrome (HPS) was defined as significant IPS with
the arterial partial pressure of oxygen < 7o mmHg,

Results: Before LT, 253 patients underwent CE and the frequency of significant
IPS and HPS were 44% (n = 112) and 7% (n = 17), respectively. Child-Pugh score
(odds ratio [OR], 1.345; 95% confidence interval [CI], 1.090 to 1.660; p = 0.006) and
arterial oxygen content (OR, 0.838; 95% CI, 0.708 to 0.991; p = 0.039) were inde-
pendent determinants of significant IPS, whereas direct bilirubin (OR, 1.076; 95%
CI, 1.012 t0 1.144; p = 0.019) was the only variable associated with HPS. Among 153
patients who underwent successful LT, repeated CE was performed in 97 (63%),
which showed significant reductions in IPS grade (from 2.6 + 1.0 to 1.2 £ 13, p <
o.001) and the prevalence of significant IPS (from 56% to 20%, p = 0.038). After
adjustment for pre-LT IPS grade, time from LT to repeated CE presented negative
linear relationship with post-LT IPS grade (* = 0.366, p < 0.001) and was the only
determinant of post-LT IPS grade (OR, 1.009; 95% CI, 1.003 to 1.014; p = 0.004).
Conclusions: Repeated CE is useful to evaluate intrapulmonary vascular change
before and after LT. Reversal of IPS after successful LT is time-dependent and fol-
low-up duration should be considered for accurate assessment of IPS after LT.

Keywords: Liver cirrhosis; Liver transplantation; Intrapulmonary shunt; Echo-
cardiography

INTRODUCTION

transthoracic echocardiography using hand-agitated
saline (CT'TE) is a well-established diagnostic method

Hepatopulmonary syndrome (HPS) represents patho-
logical pulmonary vascular alterations in patients with
end-stage liver cirrhosis (LC) and significant intrapul-
monary shunt (IPS) is believed to be a cause of this po-
tentially fatal complication [1-3]. Contrast-enhanced
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for detection of IPS [4-6]. The c¢TTE has been used for
clinical investigation to evaluate the incidence and risk
factors associated with development of significant IPS
[7-10]. It has been reported that successful liver trans-
plantation (LT) can result in complete reversal of sig-

pISSN 1226-3303
elSSN 2005-6648
http://www.kjim.org


mailto:jksong@amc.seoul.kr
http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2017.152&domain=pdf&date_stamp=2019-05-01

Jin X, et al. Intrapulmonary shunt after LT

nificant IPS or HPS [11-13]. However, these observations
are based on a few clinical studies with relatively small
numbers of patients or case reports. Systematic clinical
investigations using follow-up ¢T'TE after successful L'T
for a relatively large numbers of patients are limited. We
investigated the outcome of significant IPS after LT and
evaluated the factors determining significant IPS before
and after successful LT.

METHODS

Patients

From May 2012 to April 2015, all eligible LT candidates
were prospectively screened at Asan Medical Center.
According to the protocol approved by our Institution-
al Review Board (2018-0100), patient eligibility was as-
sessed and written informed consent was obtained from
all patients. We included all patients with LC and ade-
quate echocardiographic quality. Patients with intracar-
diac shunt, symptomatic heart failure, active pneumo-
nia, or significant lung disease were excluded. A total of
253 patients including 123 patients with hepatocellular
carcinoma were included in this analysis.

Grade 0

Grade 1
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Contrast echocardiography

All patients underwent cTTE using Philips IE 33 system
(Philips Medical Systems, Andover, MA, USA) equipped
with a 2.5-mHz transducer. A baseline two-dimensional
apical four-chamber view was acquired and hand-agi-
tated saline was used for ¢T'TE. Intravenous access with
a three-way stopcock was made on the antecubital vein
before examination. To generate micro-bubbles, two
sterile syringes filled with normal saline and air (8 and 2
mL, respectively) were connected through the three-way
stopcock and pushed alternatively for 10 to 15 seconds.
A transducer was placed in a stable position for > 15 sec-
onds after injection of hand-agitated saline and repeat-
ed injections of hand-agitated saline were performed to
acquire adequate image contrast. The presence of IPS
was defined as the appearance of a microbubble in the
left atrium (LA) during three to six cardiac cycles after
opacification of the right atrium.

Depending on the degree of left heart chamber opaci-
fication, IPS was classified as grade o (none), grade 1
(small amount of bubbles within LA), grade 2 (bubbles
occupying half of the LA), grade 3 (bubbles occupying
more than half of the LA), and grade 4 (bubbles occu-
pying both LA and left ventricle) (Fig. 1). Patients with
grade 3 or 4 IPS were defined to have significant IPS.

Grade 2

Grade 3
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Figure 1. Representative echocardio-
graphic images showing different
intrapulmonary shunt severity on
contrast-enhanced transthoracic
echocardiography. LV, left ventricle;
LA, left atrium.
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Table 1. Comparison of clinical features between patients with and without significant IPS

Variable IPS (+) (n=112) IPS (-) (n = 141) pvalue
Age, yr 53+ 10 56+9 0.013
Etiology of liver cirrhosis, 0.694

HBV 65) 89 (63)

HCV 0 18 (13)

Alcoholic 7) 19 (13)

Non-viral/Non-alcoholic ) 15 (11)
Hepatocelluar carcinoma 7.3) 70 (49.6) 0.800
Hemoglobin, g/dL 10.9 £2.1 11.9£2.2 <o0.001
Platelet, 103/mm?3 42 87+50 0.020
Child-Pugh score 9.1+2.2 7.5+ 2.2 < 0.001
Prothrombin time, INR .6+o05 1.4+0.4 <0.001
Albumin, g/dL 2.8+0.6 3.1+ 0.7 < 0.001
Total bilirubin, mg/dL 6.2+8.8 3.6£65 0.010
Direct bilirubin, mg/dL 4.2%7.1 2.2%5.2 0.017
ALT,U/L 40.7 £ 48.4 41.0 = 61.9 0.963
LV ejection fraction, % 65+ 4 64+4 0.005
Peak TR velocity, m/sec 23%03 23+03 0.924
PaO,, mmHg 76.4 +13.2 83.6 +11.2 0.002
Arterial O, saturation, % 97.4%23 98.1+1y 0.015
Ca0,, mL/dL 13.9 £ 2.4 15.9 2.9 < 0.001

Values are presented as mean + SD or number (%).

IPS, intrapulmonary shunt; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio; ALT, alanine
aminotransferase; LV, left ventricle; TR, tricuspid regurgitation; PaO,, arterial partial pressure of oxygen; CaO,, arterial oxy-

gen content.

All the echocardiographic images were reviewed by two
independent experienced cardiologists (X.J. and J.K.S.).
IPS severity was determined on the basis of the consen-
sus of these two reviewers. In addition, HPS was defined
as significant IPS with the arterial partial pressure of ox-
ygen <70 mmHg.

Statistical analysis

Categorical variables were presented as numbers and
percentages and continuous variables were expressed
as mean + standard deviation (SD). Variables were com-
pared using the Fisher exact test or Student ¢ test, as ap-
propriate. Binary logistic regression models were used
to assess the independent factors associated with the
presence of significant IPS and HPS before and after
LT. Spearman's rank correlation coefficient was used
to identify and test the strength of the relationship
between Child-Pugh score and IPS severity before LT.

512 www.kjim.org

Linear regression was used to study the relationship
between post-LT IPS severity and follow-up duration,
which was adjusted for pre-LT IPS grade. Kaplan-Meier
analysis with log rank tests were used for the compari-
son of survival curves. Cox regression analysis was used
to find factors associated with survival in patients who
did not undergo LT. A p value of < 0.05 was considered
statistically significant. SPSS version 20 (IBM Co., Ar-
monk, NY, USA) was used for statistical analysis.

RESULTS

Contrast echocardiography before LT

A total of 253 patients underwent baseline cTTE. IPS of
any grade was present in 212 patients (84%), and 112 (44%)
had significant IPS (grade 3/4 = 66/46). Patients with sig-
nificant IPS were characterized by a higher Child-Pugh
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score (9.1 + 2.2 Vs. 7.5 £ 2.2, p < 0.001), lower age (53 + 10
years vs. 56 + 9 years, p = 0.013), longer prothrombin time
(1.6 £ 0.5 Vs. 1.4 = 0.4, p < 0.001), lower hemoglobin levels
(10.9 + 2.1 g/dL vs. 11.9 + 2.2 g/dL, p < 0.001), lower plate-
let levels (74 + 42 103/mm?3 vs. 87 + 50 103/mm3, p = 0.020),
lower albumin levels (2.8 + 0.6 g/dL vs. 3.1 + 0.7 g/dL, p <
o.oo1), higher total bilirubin levels (6.2 + 8.8 mg/dL vs. 3.6
+ 6.5 mg/dL, p = 0.010), and lower arterial oxygen content
(Ca0,) (13.9 + 2.4 mL/dL vs. 15.9 + 2.9 mL/dL, p < 0.001)
than those without significant IPS (Table 1). A significant
positive relationship was found between Child-Pugh
score and IPS severity (p < 0.001) (Fig. 2). In the univar-
iate analysis, age, Child-Pugh score, albumin, total and
direct bilirubin, and CaO, were associated with the pres-
ence of significant IPS. Among them, Child-Pugh score

KJIM™

(odds ratio [OR], 1.345; 95% confidence interval [CI], 1.090
t0 1.660; p = 0.006) and CaO, (OR, 0.838; 95% CI, 0.708 to
0.991; p = 0.039) were confirmed to be independent vari-
able associated with significant IPS (Table 2).

Before LT, arterial blood gas analysis was done in 115
patients and HPS was present in 17 patients (14.8%). Pa-
tients with HPS were characterized by prolonged pro-
thrombin time (1.8 + 0.7 vs. 1.5 + 0.5, p = 0.048), lower
albumin level (2.7 + 0.3 g/dL vs. 2.9 + 0.6 g/dL, p = 0.022),
higher Child-Pugh score (9.8 + 2.0 vs. 8.7 + 2.3, p = 0.053),
and higher direct bilirubin (8.2 + 11.4 mg/dL vs. 3.2 £ 5.7
mg/dL, p = 0.099). Binary logistic regression analysis
showed that direct bilirubin level was the only indepen-
dent factor associated with HPS (OR, 1.076; 95% CI, 1.012
to 1.144; p = 0.019) (Table 3).

Table 2. Clinical variables associated with the presence of significant intrapulmonary shunt

. Unadjusted Adjusted
Variable
OR pvalue OR 95% CI pvalue
Age 0.966 0.015 0.993 0.949-1.039 0.752
Child-Pugh score 1.353 < 0.001 1.345 1.090-1.660 0.006
Platelets 0.993 0.025 0.995 0.985-1.005 0.344
Albumin 0.403 <0.001 0.925 0.330-2.597 0.883
Total bilirubin 1.047 0.011 0.984 0.931-1.040 0.568
Direct bilirubin 1.055 0.019 1.129 0.837-1.522 0.427
CaO, 0.760 <o0.001 0.838 0.708-0.991 0.039
OR, odds ratio; CI, confidence interval; CaO,, arterial oxygen content.
Spearman rho = 0.419, p < 0.001 Grade 3,4
125 19 (19.6%)
Grade 3,4
10 ‘\_ 54 (55.7%)
7.5 7
-gb ‘\‘
g
= 5
5 Grade 0,1,2
78 (80.4%)
2.5 1 Grade 1,2
43 (44.3%)
39(90.7%)

Grade of IPS

Figure 2. Relationship between Child-Pugh score and in-
trapulmonary shunt (IPS) severity before liver transplanta-
tion.
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Pre-LT Post-LT

Figure 3. Changes in intrapulmonary shunt grade before
and after liver transplantation (LT).
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IPS after LT

During the study period, a total of 153 patients (60%)
underwent successful LT, and among them, follow-up
cT'TE was performed in 97 (63%) between 6 and 952 days
after LT (median, 255 days). Both IPS grade (from 2.6 +
1.0 to 1.2 + 13, p < 0.001) and the prevalence of signifi-
cant IPS (from 56% to 20%, p = 0.038) decreased signifi-
cantly after LT (Fig. 3). After adjustment for the pre-LT
IPS grade, linear regression revealed a negative relation-
ship between the post-LT IPS grade and follow-up du-
ration (r? = 0366, p < 0.001) (Fig. 4). Among 54 patients

The Korean Journal of Internal Medicine Vol. 34, No. 3, May 2019

DISCUSSION

In this study using the data collected in a tertiary re-
ferral hospital with a very active LT program, we found
that lower CaO, and higher Child-Pugh score were in-
dependent risk factors associated with development of
significant IPS before LT. Significant IPS was observed

Y =0.701 + 0.420 x mean (per-operation IPS grade) - (0.070 x month)

440

with significant IPS before LT, follow-up ¢TTE showed -

disappearance of significant IPS in 39 (72.2%). These pa- 5 3booo

tients were characterized by longer follow-up duration j

(319 + 258 days vs. 88 + 111 days, p < 0.001) than those g b @ o

who showed persistent significant IPS. Among patients <

who did not undergo LT, the survival rate was lower in é -+ St & o oo
those with significant IPS, whereas significant IPS did ©

not affect survival in those who underwent LT (Fig. 5).

Cox regression analysis confirmed that significant IPS
(hazard ratio [HR], 3.432; 95% CI, 1.096 t0 10.748; p = 0.034)
and direct bilirubin (HR, 1.074; 95% CI, 1.003 to 1.150; p
= 0.041) were independently associated with mortality in
patients who did not undergo LT (Table 4).

Follow-up durations (mon)

Figure 4. Linear relationship between post-liver transplan-
tation (LT) intrapulmonary shunt (IPS) grade and follow-up
duration adjusted by the pre-LT IPS grade.

Table 3. Clinical variables associated with the presence of hepatopulmonary syndrome

. Unadjusted Adjusted
Variable
OR pvalue OR 95% CI pvalue
Platelets 0.986 0.085 0.985 0.968-1.003 0.097
Direct bilirubin 1.077 0.015 1.076 1.012-1.144 0.019
Total bilirubin 1.057 0.023 0.878 0.637-1.210 0.427
Albumin 0.473 0.163 0.509 0.153-1.697 0.272
Child-Pugh score 1.266 0.058 1.099 0.713-1.692 0.669
OR, odds ratio; CI, confidence interval.
Table 4. Factors associated with mortality in patients who did not undergo liver transplantation
. Unadjusted Adjusted
Variable
HR 95% CI pvalue HR 95% CI pvalue
Significant IPS 4.576 1.530-13.684 0.007 3.432 1.096-10.748 0.034
Child-Pugh score 1.271 1.046-1.545 0.016 0.852 0.596-1.218 0381
Direct bilirubin 1.101 1.034-1.172 0.003 1.074 1.003-1.150 0.041
Hemoglobin 0.741 0.589-0.932 0.010 0.857 0.651-1.127 0.270

HR, hazard ratio; CI, confidence interval; IPS, intrapulmonary shunt.
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up to 12 months after LT and time-dependent reversal
of IPS was characteristic. The follow-up time from LT
to repeated cTTE was the only independent variable as-
sociated with post-LT IPS grade, suggesting that con-
sideration of a time component is absolutely necessary
in the interpretation of the results of repeated contrast
echocardiography after LT.

HPS has been a topic of interest in most clinical in-
vestigations dealing with pathological alterations in the
vasculature in patients with advanced LC, which is quite
conceivable considering the prognostic impact of HPS
and potential reversibility after LT [14-16]. Up to 40% to
60% of LC patients with normal levels of arterial blood
gases have a positive contrast echocardiogram. This
suggests that mild IPS, which is insufficient to alter gas
exchange, is common [5,17]. Thus, confining HPS has
the potential drawback of inability to evaluate the full
clinical spectrum of pathological pulmonary vascular
alterations in LC. For comprehensive assessment of the
clinical impact of pathological alterations in the pulmo-
nary vasculature, we evaluated IPS severity before and
after LT and sought to investigate the chronology of IPS
reversibility.

It is conceivable to expect lower CaO, in patients with
significant IPS, who definitely have a larger amount of

Patients with LT (n = 153)

100 T——~=—"2
- N o e e - -
80
o
Q\/ 60 -
L
jd
E
s 40 1 ==~ IPS ()
3 =0.425
a P — IPS()
20 .
IPS(-)  12-month survival 94% = 3%
IPS(+)  12-month survival 97% + 2%
0 T T T T T T
180 360 540 720 900 1,080
Time after diagnosis (day)
No. at risk
IPS (-) 87 84 81 81 81 81 81
IPS(+) 66 66 64 64 64 64 64
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right-to-left shunt. Thus, decreased CaO, is more like
to be a result, rather than a cause of significant IPS.
However, an interesting relationship between age and
CaO, has been observed in our study. Both young age
and lower CaO, were associated with significant IPS in
unadjusted analysis (Table 2), but after adjustment, only
CaO, remained an independent variable. In patients
with pulmonary arteriovenous malformation and nor-
mal liver function, CaO, was reported to decrease with
age in a serial observational study [18]. Our data are not
sufficient to evaluate whether LC patients have differ-
ent relationship between age and CaO,, but it can be an
interesting research hypothesis. Decreased precapillary
arteriolar tone resulting in vasodilation and angiogene-
sis are two potential mechanisms for IPS in LC patients.
Numerous humoral factors including nitric oxide, en-
dothelin, tumor necrosis factor, and vascular endothe-
lial growth factor, were reported to be associated with
pulmonary vasodilation and angiogenesis in an animal
model of HPS [2]. Although the precise mechanisms
are not known, the evidence supporting involvement
of many vasoactive and growth factors suggest that IPS
development is a metabolically active process. Further
investigation is necessary to find the precise molecular
mechanisms of IPS development and the impact of age

Patients without LT (n = 100)

______________ '
1
1
[P
&
h
E
2 40 -==-1PS(9)
> =0.003
a P — IPS()
20 + .
IPS(-)  12-month survival 92% + 4%
IPS(+)  12-month survival 68% + 10%
0 T T T T T T
180 360 540 720 900 1,080
Time after diagnosis (day)
No. at risk
PS54 39 35 28 28 28 6

E IPS(+) 46 30 11 9 7 7 1

Figure 5. Impact of significant intrapulmonary shunt (IPS) on survival rate in patients (A) with and (B) without successful liver

transplantation (LT).
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on this pathway.

In the literature, there were few clinical studies using
repeated cTTE, from which limited information re-
garding the chronology of IPS or HPS reversibility after
LT could be obtained [19,20]. The prevalence of IPS in
pediatric patients who underwent LT was reported to
be 16.8% (18/107) and IPS showed complete regression
in all patients during follow-up in one study [19]. The
mean duration of IPS was reported 5.8 months (range,
1 to 16). This study showed higher post-LT morbidity
and mortality in patients with IPS than those without
IPS. The authors struggled with the prognostic impact
of early assessment of IPS status. However, several is-
sues need to be considered before general application
of these observations to other patient groups. First, the
patient ranged in age from 9 months to 16 years, with a
median age of 2 years. Compared to adults, the subjects
were exceptionally young and the prevalence of IPS was
relatively low. More importantly, two-thirds (12/18 pa-
tients) showed only mild grade 1 IPS and six patients
had significant IPS (IPS grade 2, 3, and 4). This distri-
bution is quite diftferent from that observed in adult LC
patients. Inclusion of small numbers of patients with
significant IPS seems to be another inherent limitation
of the study.

Repeated c¢TTE and arterial blood gas analysis were
done in 31 adult patients after successful LT and 100% of
the HPS cases reversed within the first year post-LT [19].
This is consistent with other studies showing a 100%
reversal rate in patients with HPS 6 to 18 months follow-
ing LT [21,22]. In this study, HPS reversed in 95.8% of the
cases at 6 months, suggesting very rapid reversal of HPS
after LT. However, the prevalence of negative ¢cT'TE, sug-
gesting absence of IPS, was 69.2% at 6 months and 85.3%
at 12 months. This represents a difference between HPS
and IPS reversibility. Thus, HPS reversibility does not
necessarily mean absence of IPS and our data showed
that, although mild, persistent IPS was observed even
2 years after uneventful LT. These observations may
support potential advantages of expansion of inclusion
criteria from HPS to IPS for better appreciation of the
pathological alterations of the pulmonary vasculature in
LC patients. It is interesting to see that significant IPS
could not be observed 12 months after LT in our study,
showing similar chronology of HPS reversibility after
LT [20]. After adjustment for pre-LT IPS grade, we con-
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firmed time-dependent reversal of IPS after LT. How-
ever, our study could not explain why there might be a
certain cutoff time point. It is impossible to determine
which of the potential mechanisms of IPS, pulmonary
arteriolar vasodilation and angiogenesis, is more sus-
ceptible to or dependent on a time factor. Considering
the relatively long time duration, up to 12 months after
LT, for near complete reversal of HPS and significant
IPS, it is likely that normalization of conventional pa-
rameters of underlying liver function is not an adequate
condition for IPS reversibility. Further investigations
are necessary to understand the molecular mechanism
for time-dependent reversal of IPS.

The prognostic impact of significant IPS needs to be
re-defined. In a prospective, multicenter US study, no
difference in severity of liver disease in patients with or
without HPS was observed [23]. Patients with and with-
out HPS did not significantly differ in LT waiting list
survival or post-LT survival [20]. In our study, direct
bilirubin level was the only variable associated with de-
velopment of HPS. Additionally, Child-Pugh score was
independently associated with significant IPS, suggest-
ing that severity of liver disease is the main factor de-
termining IPS and HPS. This was well demonstrated by
the finding that, if LT could not be performed, patients
with significant IPS showed lower survival rate than
those without (Table 4 and Fig. 5B). These observations
may indicate that factors normally produced or metab-
olized in the liver could influence the lung microvascu-
lature in susceptible individuals when hepatic function
is altered [2]. The potential for preoperative testing for
the severity of IPS to stratify patients for LT waiting list
should be investigated.

As a retrospective analysis, there are several limita-
tions in our study. Not all patients underwent cTTE
after LT. Moreover, follow-up cTTE was not done at
pre-specified intervals and the intervals between L'T and
follow-up cTTE were too broad (6 to 952 days). Although
pre-LT IPS grade or severity of individual patient was
adjusted to assess the relationship between post-LT
IPS grade and follow-up duration after LT, which may
support that our main contention is acceptable, a pro-
spective study with repeated follow-up ¢TTE after LT
is warranted. Use of an arbitrary definition of signifi-
cant IPS needs further explanation. As a truly quanti-
tative classification of IPS is impossible, certain cutoff
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value of TIPS grade has been used in clinical studies. We
excluded mild (grade 1) to moderate IPS (grade 2) from
the definition of significant IPS, resulting in more strict
definition of significant IPS in our study compared with
other studies. Less than 50% of the patients (115/253)
underwent arterial blood gas analysis and thus the real
prevalence of HPS and its prognostic impact might not
been adequately addressed.

In conclusion, significant IPS is a common compli-
cation of LC patients waiting for LT and is reversed af-
ter LT. Child-Pugh score representing underlying liver
function, CaO,, and follow-up duration after LT were
independently associated with pre- and post-LT IPS se-
verity, respectively. These findings may support the idea
that IPS development is an active metabolic pathway
and these factors should be considered in the interpre-
tation of IPS.

KEY MESSAGE

1. Before liver transplantation (LT), higher Child-
Pugh score and CaO, are associated with signif-
icant intrapulmonary shunt (IPS) and successful
LT resulted in decrease of frequency of signifi-
cant IPS. Follow-up duration was the only vari-
able associated with persistent IPS after LT.

2. Repeated contrast echocardiography was useful
to evaluate factors associated with IPS. Consid-
eration of follow-up duration after LT is critical
in interpretation of contrast echocardiography
test after LT.
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