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LIVER DISEASE

Hepatopulmonary syndrome: prevalence and predictive
value of various cut offs for arterial oxygenation and
their clinical consequences
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Background: The hepatopulmonary syndrome (HPS) is defined as the triad of liver disease, arterial
deoxygenation, and pulmonary vascular dilatation. The reported prevalence of HPS in cirrhotic patients
varies between 4% and 19%, and various threshold values defining arterial deoxygenation have been
used and recommended previously. However, it is not known how the prevalence of HPS differs using
different cut off values for arterial deoxygenation.

Methods: We studied 127 patients for the presence of HPS using transthoracic contrast echocardio-
graphy for detection of pulmonary vasodilation, pulmonary function tests, and blood gas analysis.
Results: Ninety eight patients were included in the study, of whom 33 (34%) had a positive contrast
echocardiography. Using an increased alveolar-arterial difference for the partial pressure of oxygen
(AaDO,) as an indication of hypoxaemia, the prevalence of HPS was considerably higher (>15 mm
Hg, 32%; >20 mm Hg, 31%; and >age related threshold, 28%) than using reduced partial pressure of
arterial oxygen (PaQ,) as a threshold (<80 mm Hg, 19%; <70 mm Hg, 15%; and <age related thresh-
old, 15%). For AaDQ, as the cut off, the positive predictive value for a diagnosis of HPS was low (34%,
37%, and 53%, respectively). In contrast, PaO, as a cut off had considerably higher positive predictive
values (44%, 93%, and 94%, respectively). Intfroducing PaO, <65 mm Hg as the cut off, the positive
predictive value increased to 100%. Dyspnoea was more often present in patients with “clinically sig-
nificant” HPS (57%) compared with “subclinical HPS” (8%), and patients without HPS (6%). The Child-
Pugh score correlated significantly with the severity of HPS. Two of five liver transplanted patients with
“subclinical HPS” had embolic brain infarcts, possibly induced by venous emboli passing through
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patients.

triad of liver disease, pulmonary gas exchange abnormali-
ties leading to arterial deoxygenation, and widespread pul-
monary vascular dilatation.' * Whereas both acute and chronic
liver diseases have been associated with HPS, most commonly it
presents in patients with cirrhosis. Portal hypertension seems to
be the predominant factor related to this syndrome. The
hallmark of pulmonary vascular changes in HPS are dilated
vessels at the precapillary and capillary level and direct arterio-
venous communications.' This causes right to left shunting of
blood flow, mismatch between ventilation and perfusion, and
diffusion limitation.* Pulmonary features include digital club-
bing, cyanosis, dyspnoea, platypnoea, and orthodeoxia; the lat-
ter two are defined as dyspnoea and arterial deoxygenation
induced by the upright position and relieved by recumbency.’
A diagnosis of HPS is established when the following three
points are fulfilled.*

The hepatopulmonary syndrome (HPS) is defined as the

(1) Chronic liver disease, usually complicated by portal hyper-
tension.

(2) Arterial hypoxaemia, defined by a reduced partial pressure
of arterial oxygen (PaO,) or more accurately by an increased
alveolar-arterial difference in the partial pressure of oxygen
(AaDO,). The latter includes determination of the partial
pressure of arterial carbon dioxide (PaCO,) which is often low
in cirrhotic patients as a result of hyperventilation.?

(3) Intrapulmonary vascular dilatation, detected either by two
dimensional contrast echocardiography or macroaggregated
albumin lung perfusion scan.’

Conclusions: Defining arterial hypoxaemia in HPS by different, previously used, cut off values for
arterial oxygenation leads to a wide variation in the prevalence of HPS in the same sample of cirrhotic

In the literature, the prevalence of pulmonary vasodilation,
detected by transthoracic contrast echocardiography, varies
widely (5-47%)”"" and a definitive diagnosis of HPS varies
between 4% and 19%°'" in cirrhotic patients. Various
threshold values defining arterial hypoxaemia have been rec-
ommended and used in previous publications: PaO, <70 mm
Hg,’’*" PaO, <80 mm Hg," AaDO, >15 mm Hg,” ¥ AaDO,
>20 mm Hg," and AaDO, >age related threshold value. "
Consequently, these different threshold values may result in a
different prevalence of HPS. Thus the aims of our study were:
(1) to clarify how the prevalence of HPS in a large sample of
cirrhotic patients varies according to previously used different
cut off values for arterial hypoxaemia; and (2) to determine
the predictive value of those cut off values in the diagnosis of
HPS.

PATIENTS AND METHODS

Patients

The study protocol was approved by the institutional ethics
committee of the University of Vienna and written informed
consent was obtained from each patient. A total of 127

Abbreviations: HPS, hepatopulmonary syndrome; PaO,, partial
pressure of arterial oxygen; AaDO,, alveolar-arterial difference for the
partial pressure of oxygen; PaCO,, partial pressure of arterial carbon
dioxide; FEV,, forced expiratory volume in one second; TLC, total lung
capacity; OLT, orthotopic liver transplantation.
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patients with biopsy proven cirrhosis, evaluated for liver
transplantation or transjugular intrahepatic portosystemic
shunt, underwent transthoracic contrast echocardiography,
arterial blood gas analysis on room air, lung function tests, and
chest radiograph. Nine patients were excluded because of
inadequate echocardiographic image quality, 12 patients were
excluded because of unfeasible lung function tests, and eight
patients were excluded because of impaired lung function
tests, defined as forced expiratory volume in one second
(FEV,) or total lung capacity (TLC) <66% of predicted.” " **
Mean age of the remaining 98 patients was 56 years (range
33-82); 65 (66%) were men and 33 (34%) were women. No
patient had evidence of portopulmonary hypertension,
assessed by  echocardiography,” including Doppler
measurements.**

Procedure

Contrast echocardiography

Agitated saline was used as a contrast medium which creates
a stream of microbubbles after intravenous injection.' In
healthy individuals, these microbubbles, greater than 15 pum in
diameter," * opacify the right heart chambers only because
they are filtered in the pulmonary capillary bed and do not
appear at the left side of the heart. The distinction between
intrapulmonary or intracardiac shunt is made by the time of
appearance of the microbubbles in the left heart chambers: in
intracardiac shunt the microbubbles appear generally within
three heartbeats after appearance in the right heart chambers
and in intrapulmonary shunt they appear 4-6 heartbeats after
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Arterial blood gas analysis

Arterial blood gas samples were obtained by percutaneous
radial artery puncture with the subject in a seated position
breathing room air, and were analysed with a standard blood
gas analyser (BGElectrolytes, Instrumentation Lab. Inc.,
USA). AaDO, was calculated using the alveolar gas equation.*

Lung function tests

FEV, was obtained using a computerised spirometer (Autobox
6200; Sensor Medics, Yorba Linda, California, USA) according
to standard procedures.” The best two of three acceptable trac-
ings for FEV, did not vary by more than 5%. TLC was measured
by a body plethysmograph (Autobox 6200; Sensor Medics).

Statistical analysis

Group comparisons were performed using the Mann-Whitney
U test and Fisher’s exact test. The prevalence of HPS among
cirrhotics and positive predictive values for a diagnosis of HPS
with corresponding confidence intervals were calculated for
different cut off values of PaO, and AaDO,.

RESULTS

Patient characteristics according to findings on contrast
echocardiography (table 1)

Thirty three of 98 patients (34%) had intrapulmonary vasodi-
lation, as evidenced by contrast echocardiography. Demo-
graphic data of the subjects with and without a positive con-
trast echocardiography are shown in table 1. Patients with a
positive contrast echocardiogram had more severe cirrhosis, as

their initial appearance in the right side of the heart. assessed by a significantly higher Child-Pugh score,*
Table 1 Clinical characteristics of cirrhotic patients with and without positive
contrast echocardiograms
Positive contrast Negative contrast
echocardiogram (n=33) echocardiogram (n=65) p Value
Age [y) 53 [10] 57 1] NS
Male (%) 21 (64) 44 69) NS
Aetiology of cirrhosis (%)
Alcohol 18 (55) 39 (60) NS
HCV 5 (15) 14 (22) NS
HBY 2 ) 3 (5) NS
Alcohol+HCV 1 3) 1 (1.5) NS
Alcohol+HBV 1 3) 1 (1.5) NS
Haemochromatosis 1 (3) 1 (1.5) NS
PBC 1 3) 2 3) NS
Autoimmune hepatitis 2 (6) 0 NS
Cryptogenic 2 () 4 (6) NS
Child-Pugh classification (%)
A 4 (12) 22 (34) 0.02
B 9 (27) 16 (25) NS
c 20 61) 27 (41) NS
Child-Pugh score 10.3[2.5] 9.04[2.5] 0.025
Bilirubin* (mgy/dl) 7.4[8.9] 5.3[7.8] 0.04
Albumint (g/1) 29.7[6.6] 33.3[6.4] 0.01
Prothrombin timet: (%) 42.2[17.4] 58[20.3] <0.001
Erythrocyte count (T/I) 3.3[0.¢] 3.7[0.4] 0.038
QOesophageal varices (%) 21 (64) 36 (55) NS
FEV, % pred 82 [18] 87.6 [15] NS
TLC % pred 99 7] 107 [17] NS
PaO, (mm Hg) 72.4 [14] 847 9] <0.001
AaDO, (mm Hg) 392 [13] 27[6.4] 0.00001
PaCO, (mm Hg) 31.8[4.3] 32[6.4] NS
Smoker (%) 7 (21) n (17) NS
Ascites 4 (12) 13 20) NS
Chest radiograph:
Interstitial markings 7 (21) 2 (3) 0.008
Small pleural effusion 2 (6) 7 (11) NS
HCV, hepatitis C virus; HBV, hepatitis B virus; PBC, primary biliary cirrhosis; FEV,, forced expiratory volume
in one second; TLC, total lung capacity; PaO,, partial pressure of arterial oxygen; PaCO,, partial pressure of
arterial carbon dioxide; AaDO,, alveolar-arterial difference for the partial pressure of oxygen.
*Reference range <1 mg/dl.
tReference range 34-48 g/I.
tReference range 75-120%.
Values are mean [SD] or number (%).
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Table 2 Frequency of different cut off values for arterial oxygenation in cirrhotics with and without a positive contrast
echocardiogram, the resulting prevalence of the hepatopulmonary syndrome (HPS)*, positive and negative predictive
values, and overall accuracy for diagnosis of this syndrome

threshold value mm Hg® "'

Positive contrast Negative contrast Prevalence of  Positive predictive value Negative predictive ~ Overall

echocardiogram echocardiogram  HPS* (%) (95%  for diagnosis of HPS* valuet for exclusion  accuracy

(n=33) (n=65) Cl) (%) (95% CI) of HPS* (%) (95% Cl) (95% ClI)
PaO, <80 mm Hg'* 19 (58%) 24 (37%) 19 (12-29) 44 (29-60) 75 (61-85) 61 (51-71)
PaO, <70 mm Hg®” 8 1 14 (42%) 1 (1%) 15 (9-24) 93 (68-100) 77 (67-86) 80 (70-87)
PaO, <age related 15 (45%) 1(1%) 15 (9-24) 94 (70-100) 78 (68-86) 81 (71-88)

threshold value mm Hg

PaO, <65 mm Hg 13 (39%) 0 13 (7-22) 100 (75-100) 76 (66-85) 80 (70-87)
PaO, <60 mm Hg 9 (27%) 0 12 (6-20) 100 (66-100) 73 (63-82) 76 (66-84)
AaDO, >15 mm Hg'® ' 31 (94%) 59 (91%) 32 (23-42) 34 (25-45) 75 (34-97) 38 (28-48)
AaDO, >20 mm Hg'® 30 (91%) 50 (77%) 31 (22-41) 37 (27-49) 83 (59-9¢) 46 (36-56)
AaDO, >age related 27 (81%) 24 (37%) 28 (19-37) 53 (38-67) 87 (74-95) 69 (59-78)

mm Hg; AaDO, <15 mm Hg, <20 mm Hg, <age related threshold value.

*Defined as: chronic liver disease and arterial hypoxaemia and pulmonary vasodilation (measured by contrast echocardiography).
tFor negative predictive values the oxygenation cut off values are: PaO, =80 mm Hg, =70 mm Hg, =age related threshold value, =65 mm Hg, =60

compared with patients with a negative contrast echocardio-
graphy. Mean total bilirubin was significantly higher, and
mean values for serum albumin, prothrombin time, and
erythrocyte count were significantly lower in cirrhotics with a
positive contrast echocardiography. Oesophageal varices were
found more often in the group with a positive contrast echo-
cardiography but the difference did not reach statistical
significance. Lung function values (FEV, and TLC) were
slightly lower in cirrhotics with a positive contrast echocardio-
graphy compared with those with negative contrast echocar-
diograms. The parameters of arterial oxygenation, PaO, and
AaDO,, were highly significantly different, with lower values
in the group with a positive contrast echocardiography. PaCO,
was reduced due to hyperventilation, with no difference
between the two groups. The frequency of smokers was simi-
lar in both groups: seven patients (21%) in the group with a
positive contrast echocardiography and 11 patients (17%) in
the group with a negative contrast echocardiography. Ascites
was present in four (12%) and 13 (20%) patients with and
without a positive contrast echocardiography, respectively
(NS). Chest radiograph showed interstitial markings, pre-
dominately in the lower lung fields, in seven (21%) and two
(3%) patients with and without a positive contrast echocardio-
graphy, respectively (p<0.01). Small pleural effusions were
seen in two (6%) contrast echo positive patients and in seven
(11%) contrast echo negative patients (NS).

Prevalence of HPS (table 2)

PaO, and AaDO, values of patients are plotted in fig 1. Vertical
lines were added to show the previously published cut off
values for PaO, and AaDO,, and also PaO, values of 60 and 65
mm Hg. The different cut off values of PaO, and AaDO, which,
together with pulmonary vasodilation defined HPS previously,
led to a wide range of prevalence rates for this syndrome (15—
32%; see table 2). The prevalence of HPS was lowest when PaO,
<70 mm Hg was used as the cut off value (15%) and increased
more than twofold when AaDO, >15 mm Hg (32%) and >20
mm Hg (31%) were used. Overall, prevalence was higher when
AaDO, cut off values were used (28-32%) compared with PaO,
cut off values (15-19%). Introduction of an age related
threshold value for PaO, led to a prevalence of 15%. As
expected, PaO, <65 mm Hg and <60 mm Hg, threshold values
for more severe hypoxaemia which were not used previously
in definitions of HPS, resulted in the lowest prevalence rates
(13% and 12%, respectively).

Positive predictive value for HPS (table 2)
Positive predictive values for different cut off values of arterial
oxygenation for a diagnosis of HPS are presented in table 2.

The positive predictive value for a diagnosis of HPS was
highest (100%) with PaO, <65 mm Hg and <60 mm Hg, and
slightly lower (93% and 94%) with PaO, <70 mm Hg and
<age related threshold value, respectively. Using other
oxygenation cut off values (PaO, <80 mm Hg, AaDO, >15 mm
Hg, AaDO, >20 mm Hg, and >age related threshold value)
resulted in very low positive predictive values for a diagnosis of
HPS.

Negative predictive value for HPS and overall accuracy
(table 2)

Negative predictive values for exclusion of HPS ranged from
73% to 78% when PaO, was used as a cut off, and increased to
83% for AaDO, >20 mm Hg and to 87% for AaDO, >age
related threshold value. Overall accuracy (relative part of cor-
rectly classified patients) was highest for PaO, <age related
threshold value (81%), followed by PaO, <70 mm Hg (80%),
and PaO, <65 mm Hg (80%).

Frequency of a positive contrast echocardiography
according to different grades of gas exchange
abnormalities

In the patient group with moderate to severe gas exchange
abnormalities, the frequency of a positive contrast echocardio-
graphy was high: 14/15 (93%) patients with PaO, <70 mm Hg,
15/16 (94%) patients with PaO, <age related threshold value,
13/13 (100%) patients with PaO, <65 mm Hg, and 9/9 (100%)
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Figure 1 Cirrhotic patients with positive or negative transthoracic
contrast echocardiography according to their PaO, and AaDO,
values. Previously published cut off values for a definition of
hepatopulmonary syndrome were added as vertical lines in addition
to those marking PaO, values of 60 and 65 mm Hg. PaO,, arterial
partial pressure of oxygen; AaDO,, alveolar-arterial difference for
PaO,.
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Figure 2 (A) Subgroup of patients with only mild oxygenation

abnormalities (PaO, >70 mm Hg and AaDO, >age related threshold
value), plotted according to their PaO, and AaDO, values, with
positive or negative transthoracic contrast echocardiography. (B)
Subgroup of patients with normal gas exchange (AaDO, <age
related threshold value), plotted according to their PaO, and AaDO,
values, with positive or negative transthoracic contrast
echocardiography. PaO,, arterial partial pressure of oxygen,
AaDO,, alveolar-arterial difference for PaO,.

patients with PaO, <60 mm Hg had a positive contrast echo-
cardiography.

In contrast, in the normoxaemic group (PaO, >70 mm Hg)
with an elevated AaDO, (>age related threshold value), 13/36
(36%) patients had a positive contrast echocardiography (fig
2A).

In the group with normal gas exchange, defined by AaDO,
<age related threshold value, 6/47 (13%) patients had a posi-
tive contrast echocardiography (fig 2B).

Clinical features of patients with “clinically significant”
and “subclinical” HPS (table 3)

For clinical purposes, we subdivided the patient group with
intrapulmonary vasodilation (assessed by a positive contrast
echocardiography) and abnormal gas exchange into two

Schenk, Fuhrmann, Madl, et al

groups: “clinically significant” HPS, characterised by hypoxae-
mia (PaO, <70 mm Hg) and “subclinical” HPS, characterised
by normoxaemia (PaO, =70 mm Hg but AaDO, >age related
threshold). Fourteen patients with “clinically significant” HPS
had a higher frequency of dyspnoea at rest (57%) compared
with 13 “subclinical” HPS patients (8%) and the patient group
without HPS (6%; p<0.001). Spider naevi were found more
often in the “clinically significant” HPS group (79%)
compared with the “subclinical” HPS group (54%) and the
group without HPS (39%; p<0.05). The frequency of palmar
erythema was not significantly different between the three
groups. The Child-Pugh score was highest in “clinically
significant” HPS patients (11.6 (1.9)), followed by the
“subclinical” HPS patients (10.5 (3.1)); it was lowest in the
patient group without HPS (9 (2.5); p<0.05).

Nineteen patients (19%) underwent orthotopic liver trans-
plantation (OLT): two from the “clinically significant” HPS
group, five from the “subclinical” HPS group, and 12 from the
group without HPS. Two patients with “subclinical” HPS
experienced cerebral embolic events. The first patient had two
episodes of paresis of the right arm four years after transplan-
tation; no cardiac or arterial source for cerebral embolism
could be detected (no arrhythmias, normal transoesophageal
echo, no patent foramen ovale, normal sonography of the
carotid and vertebral arteries). The second patient had
embolic brainstem infarct three years after OLT and no source
for the emboli could be detected. Wound infection (abdominal
wall abscess) occurred in one patient with “subclinical” HPS.
None of the transplanted patients had respiratory problems in
the postoperative period except for one “subclinical” HPS
patient who needed prolonged weaning from the ventilator.
Mortality was 37% (3/8) in the HPS group compared with 17%
(2/12) in the group without HPS. Both transplanted patients
with “clinically significant” HPS died two and 10 months after
OLT because of progression of their underlying disease (OLT
was performed because of hepatocellular carcinoma; they
developed multiple metastasis formation after several weeks).
One patient with “subclinical” HPS died 6.5 months after OLT
due to an ileus, and two transplanted patients without HPS
died 7.5 and 9 months after OLT (relapse of hepatocellular
carcinoma; unknown reason).

DISCUSSION
Our study shows that defining hypoxaemia in HPS by differ-
ent, previously used, cut off values for arterial oxygenation
leads to wide variation in the prevalence of HPS in the same
sample of cirrhotics. This clearly demonstrates that previously
published data on the prevalence of HPS using different oxy-
genation cut off values cannot be compared directly.
Available data of previous publications on the frequency of
positive contrast echocardiograms and the prevalence of HPS
are provided in table 4 and grouped according to their

Table 3 Clinical features of cirrhotics with “clinically significant” hepatopulmonary syndrome (HPS), “subclinical” HPS,

Outcome Both died, 2 and 10 months after OLT

and no HPS
“Clinically significant” HPS* (n=14) “Subclinical” HPSt (n=13) and
and positive contrast echo positive contrast echo No HPS (n=71) p Value
Dyspnoea 8 (57%) (8%) 4 (6%) <0.001
Spider naevi 11 (79%) (54%) 28 (39%) <0.05
Palmar erythema 8 (57%) (31%) 35 (49%) NS
Child-Score 11.6 (1.9) 10.5 (3.1) 9 (2.5) <0.05
oLt 2 (14%) (38%) 12 (17%)
Complications 0 Embolic brain infarct 2; wound infection 1; 0

prolonged weaning 1
1 died, 6.5 months after OLT

2 died, 7.5 and 9
months after OLT

*Defined as hypoxaemia (PaO, <70 mm Hg).

tDefined as normoxaemia (PaO, =70 mm Hg and AaDO, >age related threshold).
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Table 4 Frequency of a positive contrast echocardiography and prevalence of
hepatopulmonary syndrome (HPS) among cirrhotics, reported in previous publications
Cut off value for arterial oxygenation n % positive echo % HPS Reference
PaO, <70 mm Hg 38 13 5 Krowka’
53 47 15 Hopkins®
47 23 13 Jensen!
40 38 17.5 Abrams®
PaO, <80 mm Hg 37 32 8 Vedrinne'®
37 51* 13* Vedrinne'®
AaDO, >15 mm Hg 45 27 20 Rolla™
36 NR 19 Martinez-Palli'?
AaDO, >age related threshold 98 NR 4 Stoller'
88 28 16 Aller®
88 42* 22* Aller®
*Transoesophageal echocardiography.

preferred cut off value defining arterial hypoxaemia. The
prevalence of HPS in our patients using PaO, <70 mm Hg as
the cut off value (15%) was within the reported range of
5-17.5%.”7* " Using PaO, <80 mm Hg, the prevalence in our
study (19%) was higher compared with the study of Vedrinne
and colleagues (8%)." This can be explained by the higher rate
of hypoxaemic patients in our study population (43% of all
patients had PaO, values <80 mm Hg) compared with those in
Vedrinne et al’s study” (24% of all patients had PaO, values
<80 mm Hg). With AaDO, >15 mm Hg as the cut off, the
prevalence in our patients (31%) was also higher compared
with the studies of Rolla and colleagues” (20%) and
Martinez-Palli and colleagues' (19%). In the study of Rolla et
al, fewer patients had a positive contrast echocardiography
(27%) and patients were less hypoxaemic (mean PaO, 85.1
mm Hg v 80.5 mm Hg in our patients; mean AaDO, 17.8 mm
Hg v 31.2 mm Hg in our patients). In the abstract by
Martinez-Palli ef al, no detailed data are provided on the
frequency of positive contrast echocardiograms. In addition,
AaDO, >age related threshold was associated with a higher
prevalence in our study (28%) compared with the studies of
Stoller and colleagues” (4%) and Aller and colleagues® (16%).
In Stoller et al’s study, HPS was diagnosed in four of 98 patients
but the frequency of intrapulmonary vasodilation and arterial
blood gas analysis in the remaining 94 patients were not pro-
vided. In the study of Aller and colleagues® a different formula
for calculation of AaDO, may have been the reason for the dif-
ferent prevalence values. Also, the contrast agent used may
have contributed to the different prevalence data. Krowka and
colleagues’ and Stoller and colleagues"” in part used indocya-
nine green dye solution which provides microbubbles with
diameters of up to 90 pm, while we and others (Hopkins and
colleagues,” Abrams and colleagues,” Rolla and colleagues,"”
and Aller and colleagues®) used saline solution which creates
microbubbles of 15-180 pm. Vedrinne and colleagues' used a
modified fluid gelatine solution which creates microbubbles of
10£2 pm. The frequency of intrapulmonary vasodilation in our
patients (34%), measured by transthoracic contrast echo-
cardiography, was within the range reported in the literature
(547 %, see table 3).

Figure 1 clearly illustrates that most of the study patients,
those with as well as those without a positive contrast
echocardiography, had AaDO, values >15 mm Hg (90/98;
92%) and >20 mm Hg (80/98; 82%); this frequency was
reduced with AaDO, >age related threshold (51/98; 52%). In
contrast, the frequency of abnormal PaO, values was lower:
43% of all study patients had a PaO, <80 mm Hg, 16% had a
PaO, <70 mm Hg or <age related threshold value, and 12%
had a PaO, <60 mm Hg. This higher frequency of patients

with abnormal values of AaDO, compared with PaO, may be
explained by the higher sensitivity of AaDO, in describing the
oxygenation abnormality because it includes the PaCO, deter-
mination (which is low as a result of hyperventilation). Thus
PaO, may be normal yet as a result of hypocapnia there is an
increased AaDO,.'*

The resulting positive predictive values of all three AaDO,
cut off values for a diagnosis of HPS were low (34%, 37%, and
53%, respectively). In contrast, PaO, cut off values generally
showed a higher positive predictive value. Using PaO, <80 mm
Hg as the cut off, the positive predictive value was still low
(44%) but increased with PaO, <70 mm Hg (93%) and <age
related threshold value (94%). No patient without a positive
contrast echocardiography had PaO, values below 65 mm Hg;
thus cut off levels for more severe hypoxaemia (PaO, <65 mm
Hg and <60 mm Hg) led to a positive predictive value of 100%.
Consequently, cirrhotics with PaO, <70 mm Hg or <age
related threshold value had a higher probability of HPS. More-
over, when PaO, was below 65 mm Hg, a diagnosis of HPS was
definitely established.

In the patient group with a normal PaO, (>70 mm Hg) but
elevated AaDO,, the frequency of positive contrast echocardio-
graphy was relatively low (36%). This frequency may be
increased when using transoesophageal contrast echocardio-
graphy which has been shown previously to be superior to the
transthoracic approach in the detection of intrapulmonary
vasodilation in cirrhotics.®'* In the study of Vedrinne and
colleagues," the frequency of positive contrast echocardio-
graphy and the prevalence for HPS in cirrhotics increased by
5% and 19%, respectively, when the transoesophageal ap-
proach was used compared with the transthoracic procedure
(see table 4). In concordance, using the transoesophageal
technique, Aller ef al reported an increase of 14% and 6% for
detection of intrapulmonary vasodilation and prevalence for
HPS (see table 4).° Therefore, it seems reasonable that some of
our patients with normoxaemia but elevated AaDO, and a
negative transthoracic contrast echocardiography would have
had a positive transoesophageal contrast echocardiography.
However, most studies investigating HPS have used trans-
thoracic contrast echocardiography for the detection of
intrapulmonary vasodilation,””* "™ ** and all reviews on HPS
describe transthoracic contrast echocardiography as the
method of assessment of intrapulmonary
vasodilation,"™ '* ¥ apart from lung perfusion scan. More-
over, for our screening study with a relatively high patient
number (127 patients) the usefulness of the transoesophageal
technique was limited due to the imposed risk as an invasive
procedure in patients who had a history of variceal bleeding.
However, the correlation between intrapulmonary vasodila-
tion and mild gas exchange abnormalities seems to be weak
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and other reasons for an elevated AaDO, should be considered
in these patients. In fact, of our 23 patients with normal PaO,
but elevated AaDO, and negative contrast echocardiography,
six had mild ascites, two had small pleural effusions, and two
had mild pulmonary function test abnormalities (FEV, and/or
TLC between 66% and 85% of predicted), which might
contribute to the elevated AaDO,.

Interstitial markings were observed significantly more
often in contrast echo positive patients. They are typical of
HPS,”” are predominately localised in the lower lung fields,
and may reflect pulmonary vascular dilatations.

Patients with normal gas exchange may also show a positive
contrast echocardiography (6/47; 13% in our study); this is in
agreement with previous studies.”™ ' ' "

As expected, a high percentage of patients with “clinically
significant” HPS felt dyspnoeic (57%) whereas dyspnoea was
seldom noted in the patient groups with “subclinical” HPS
(8%) and without HPS (6%). It has been noted previously that
patients with cutaneous spider naevi have more profound gas
exchange abnormalities and more intrapulmonary
vasodilation,”* suggesting that spider naevi might be a cuta-
neous marker of intrapulmonary vascular dilatations.” Our
study supports these previous reports with small patient
numbers, and showed that there was a significant correlation
between cutaneous spider naevi and the severity of HPS. Con-
flicting data exist in the literature regarding the correlation
between HPS and the severity of liver disease. Whereas a study
by Abrams and colleagues” showed significantly lower PaO,
values, higher AaDO, values, and greater shunt fractions in
Child-Pugh A cirrhosis compared with Child-Pugh B and C
classes, another study by Vachiéry and colleagues” showed
that hypoxaemic cirrhotics had a significantly higher Child-
Pugh score. Our study clearly showed a significant correlation
between the severity of HPS and Child-Pugh score. Patients
with “subclinical” HPS bear the risk of developing “clinically
significant” HPS during the course of their disease but the risk
is unknown and should be determined in a prospective follow
up study. Deterioration of gas exchange is not the only risk in
these patients; they may develop other complications of
intrapulmonary vasodilation, such as venous emboli passing
through dilated intrapulmonary vessels into the systemic cir-
culation. Two of our 13 “subclinical” HPS patients had embolic
brain infarcts after OLT with no cardiac or arterial source
detected for the cerebral embolism. Cerebral embolism due to
venous emboli has been described previously in a few patients
with HPS after OLT.** For the development of wound
infections after OLT, as observed in one of our patients, HPS
may also play an important pathogenetic role.*

In conclusion, the use of various cut off values defining
arterial hypoxaemia in HPS described in previously published
studies leads to a wide range of prevalence rates for HPS in
patients with cirrhosis. PaO, values below 70 mm Hg or below
the age related threshold value predict the presence of HPS
with high probability in the absence of intrinsic cardiopul-
monary diseases, whereas a PaO, value <65 mm Hg definitely
predicts a diagnosis of HPS. The severity of HPS is clearly cor-
related with the degree of liver disease. Whereas dyspnoea is
often noted in patients with “clinically significant” HPS,
patients with “subclinical” HPS may have complications not
directly associated with impaired gas exchange but caused by
dilated intrapulmonary vessels, such as venous emboli passing
through the pulmonary circulation to the brain.
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