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Abstract
Background—Although low arterial oxy-
gen tension (PO2) has been claimed to
occur in one to two thirds of patients with
cirrhosis, hypoxaemia appears to be rare
in clinical practice.
Aims—To assess the frequency of arterial
hypoxaemia in cirrhosis in relation to
clinical and haemodynamic characteris-
tics.
Patients—One hundred and forty two
patients with cirrhosis without significant
hepatic encephalopathy (grades 0–I) (41
patients in Child class A, 57 in class B, and
44 in class C) and 21 patients with hepatic
encephalopathy.
Results—Mean PO2 in kPa was 11.3 in
Child class A, 10.8 in class B, 10.6 in class
C, and 10.6 in patients with encephalopa-
thy (p<0.05). The fraction of patients with
PO2 below the lower normal limit of 9.6
kPa was 10%, 28%, 25%, and 43%, respec-
tively in class A, B, C, and in patients with
encephalopathy (p<0.05). Oxygen satura-
tion (SO2) in these groups was respec-
tively: 96%, 96%, 96%, and 93% (NS). SO2

was below the lower limit of 92% in 0%,
9%, 7%, and 24% (p<0.05). In patients
without hepatic encephalopathy, a multi-
variate regression analysis revealed that
independent determinants of a low PO2

were a high arterial carbon dioxide ten-
sion, a low systemic vascular resistance,
and a low indocyanine green clearance
(p<0.0001).
Conclusion—The prevalence of arterial
hypoxaemia in cirrhosis is about 22% in
patients without encephalopathy, but it
varies from 10–40% depending on the
degree of hepatic dysfunction. Arterial
hypoxaemia in patients with cirrhosis of
diVering severity seems lower than previ-
ously reported, and patients with severe
arterial hypoxaemia are rare.
(Gut 1998;42:868–874)
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Arterial hypoxaemia has been recognised for
more than a century in patients with chronic
liver disease.1–5 It may be partly caused by con-
comitant chronic obstructive lung disease or
cardiac dysfunction,6–8 but the liver disease per
se and its complications may also influence
oxygenation. In addition, low arterial oxygen
tension in cirrhotic patients can originate from
intrapulmonary shunting and ventilation-
perfusion (VA/Q) mismatch.6 9 Thus the clini-
cal triad of liver disease, increased alveolar-

arterial oxygen gradient, and evidence of
pulmonary vascular dilatations has been de-
fined as the hepatopulmonary syndrome.6 10–12

Moreover, besides abnormalities in the
splanchnic circulation as a result of portal
hypertension, patients with cirrhosis may
exhibit changes in systemic haemodynamics,
such as a hyperdynamic circulation with
increased cardiac output (CO) and heart rate,
and reduced systemic vascular resistance
(SVR), low arterial blood pressure, decreased
central and arterial blood volume (CBV), and a
short central circulation time (CCT),13–15 which
may contribute to abnormal gas exchange.
Decreased oxygen tension has been claimed

to occur in one to two thirds of patients with
cirrhosis.1–3 5 16 However, in clinical practice
arterial hypoxaemia appears to be less common
and the aim of the present study was therefore
to assess the frequency of arterial hypoxaemia
in relation to clinical and cardiovascular
characteristics in a large population of patients
with cirrhosis.

Patients and methods
STUDY POPULATION

The study population consisted of 163 con-
secutive patients with biopsy verified cirrhosis;
149 patients had a history of alcohol abuse—
that is, a consumption exceeding 50 g per day
for more than five years. They had abstained
from alcohol for at least one week before the
study and had no signs of withdrawal symp-
toms at the time of the study. Fourteen patients
had non-alcoholic cirrhosis, classified as either
posthepatitic or cryptogenic. One hundred and
forty two patients had hepatic encephalopathy
of grade I or less and 21 patients had severe
encephalopathy ranging from grades II to IV.17

None of the patients had experienced recent
gastrointestinal bleeding. Table 1 summarises
the clinical and biochemical characteristics of
the patients and controls.
Patients participated after giving informed

consent according to the Helsinki II declara-
tion, and the study was approved by the local
Ethics Committee for Medical Research in
Copenhagen (Jr.No: V.100.2085/91). No com-
plications or side eVects were encountered
during the study.

CATHETERISATION

All patients without hepatic encephalopathy
underwent a haemodynamic investigation in
order to diagnose portal venous hypertension
and to assess the degree of severity. Catheteri-
sation was performed in the morning after an
overnight fast and at least one hour resting
supine, according to a technique described
elsewhere.18 A Cournand or Swan-Ganz
catheter, size 7F, was guided under local
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anaesthesia to the hepatic veins and right
atrium via the femoral route under fluoros-
copy. Pressures were measured by a capaci-
tance transducer (Simonsen og Weel, Copen-
hagen, Denmark) in the wedged and free
hepatic vein position in at least three diVerent
vessels, the midaxillary line being the zero
pressure level. The hepatic venous pressure
gradient (HVPG) was determined as the
diVerence between the wedged and free
hepatic pressures. Hepatic blood flow was

determined by the indocyanine green (ICG)
constant infusion technique.19 The ICG clear-
ance was measured as the infusion rate divided
by the arterial plasma concentration of ICG.19

A small indwelling polyethylene catheter was
placed in the femoral artery with its tip at the
aortic bifurcation by the Seldinger technique,
and the arterial blood pressures were meas-
ured directly. The cardiac index was measured
by the indicator dilution technique as de-
scribed elsewhere20 and the heart rate was

Table 1 Clinical and biochemical characteristics of 163 cirrhotic patients with and without hepatic encephalopathy

Variable
Patients without encephalopathy†
(n=142)

Patients with encephalopathy‡
(n=21)

Patient characteristics
Age (y) 55 (26–71) 57 (37–71)
Body height (cm) 171 (153–190) 169 (148–184)
Body weight (kg) 73 (45–115) 71 (40–90)
Child class (A, B, C) 41, 57, 44 0, 2, 19
Blood biochemistry§
Blood haemoglobin (g/dl) (13.0–17.6) 11.6 (7.1–15.8) 11.9 (7.7–16.3)
Serum AST (U/l) (10–40) 64 (19–357) 134 (26–750)
Serum bilirubin (µmol/l) (2–17) 32 (5–214) 144 (19–452)**
Serum alkaline phosphatase (U/l) (50–275) 377 (132–3585) 400 (68–999)
Plasma coagulation factors 2, 7, and 10 (units) (0.70–1.30) 0.63 (0.23–1.30) 0.39 (0.19–0.66)**
Serum albumin (g/l) (37–55) 33 (18–48) 26 (20–33)**
Serum creatinine (µmol/l) (49–121) 96 (45–1065) 136 (42–449)
Serum sodium (mmol/l) (136–146) 135 (125–141) 130 (115–145)**

Results are expressed as mean (range).
†Grades 0 and I; ‡grades II–IV; §normal values are given in parentheses.
**Significance of diVerences between patients with and without hepatic encephalopathy (p<0.01).

Table 2 Haemodynamics of 142 cirrhotic patients without hepatic encephalopathy stratified according to the modified Child-Turcotte criteria

Variable Child class A (n=41) Child class B (n=57) Child class C (n=44)

Systemic haemodynamics‡
Mean arterical blood pressure (mm
Hg)

94 (69–122) 87 (68–120)* 80 (60–112)†

Heart rate (beats/min) 73 (54–108) 79 (54–104)* 85 (60–108)†
Cardiac index (l/min/m2) 3.3 (2.1–5.1) 3.7 (2.1–5.7) 4.3 (1.9–6.5)†
Central circulation time (seconds)
(>14)

15.6 (10.0–23.4) 13.1 (7.9–21.8)** 11.2 (7.3–21.1)†

Central and arterial blood volume
(ml/kg ideal body weight) (>24)

23.7 (16.0–37.6) 22.8 (16.1–34.7) 21.1 (13.8–31.2)*

Systemic vascular resistance
(dyn/s/cm5) (>1600)

1323 (578–2424) 1102 (565–2370)** 864 (431–1493)†

Plasma volume (l) (2.70–3.80) 3.63 (1.80–6.16) 3.91 (2.00–6.27) 3.98 (2.39–5.70)
Splanchnic characteristics‡
Hepatic venous pressure gradient (mm
Hg) (<5)

11.6 (3.0–21.0) 15.2 (5.0–29.0)** 17.6 (5.0–28.0)†

Postsinusoidal resistance (dyn/s/cm5)
(<360)

943 (236–3644) 1164 (330–4343) 1448 (232–4432)**

Hepatic blood flow (l/min) (0.5–2.3) 1.13 (0.44–2.39) 1.30 (0.33–2.87) 1.15 (0.35–2.63)
ICG clearance (l/min) (0.30–0.70) 0.30 (0.09–0.60) 0.23 (0.05–0.60)** 0.16 (0.01–0.68)†
Galactose elimination capacity
(mmol/min) (F >14; M >17)

1.95 ( 0.93–2.86) 1.55 (0.78–2.60)** 1.28 (0.01–2.14)†

Results are expressed as mean (range).
Significance of diVerences between patient groups: *p<0.05 v Child class A; **p<0.01 v Child class A; †p<0.005 v Child classes A and B.
‡Normal values are given in parentheses.

Table 3 Arterial gas tensions, alveolar-arterial oxygen gradient, arterial oxygen saturation, and pH in the 142 patients without and the 21 patients with
hepatic encephalopathy

Patients without encephalopathy Patients with encepathopathy

Child class A (n=41) Child class B (n=57) Child class C (n=44) Child classes B and C (n=21)

Arterial O2 tension (PO2)
(kPa) (9.6–13.7)‡

11.3 (9.0–15.0) 10.8 (8.1–14.6) 10.6 (8.0–16.3)* 10.6 (5.5–15.7)*

Arterial O2 saturation
(SO2) (%) (92–99)‡

96 (92–100) 96 (90–100) 96 (91–100) 93 (68–98)

Alveolar-arterial O2

gradient (AaPO2) (kPa)
2.6 (0–4.9) 3.4 (0–5.8)* 3.9 (0–6.5)* 4.5 (0–10.5)*

Arterial CO2 tension
(PCO2) (kPa)
(4.7–6.0)‡

4.93 (3.38–6.20) 4.70 (3.60–5.80) 4.45 (3.30–5.50)*† 4.46 (2.40–8.80)*

Arterial pH (units)
(7.36–7.44)‡

7.40 (7.33–7.47) 7.43 (7.34–7.50) 7.45 (7.37–7.53)*† 7.45 (7.23–7.63)*

Results are expressed as mean (range).
Significance of diVerences between groups: *p<0.05 v Child class A; †p<0.05 v Child class B.
‡Normal values are given in parentheses.
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determined by electrocardiography. The CBV
(the blood volume in the cardiac cavities,
lungs, and central arterial tree), was assessed
as the COmultiplied by the CCT, as described
elsewhere.14 21 The CCT represents the mean
indicator sojourn in the central vascular bed.14

MEASUREMENT OF BLOOD GASES

Arterial oxygen tension (PO2), carbon dioxide
tension (PCO2), and pH were measured by an
ABL-300 blood gas analyser and arterial
oxygen saturation (SO2) by an OSM-2
haemoxymeter (Radiometer, Copenhagen,
Denmark). CoeYcients of variation of PO2, SO2,
and PCO2 were determined from duplicate
arterial samples taken at an interval of less than

15 minutes and were respectively: 0.7%, 2.1%,
and 4.6%. The alveolar-arterial oxygen
gradient (AaPO2) was calculated from the
alveolar gas equation:

AaPO2 = (FIO2 (PB−47) − (PACO2/R) + FIO2

(1−R)(PACO2/R)) − PO2,

where FIO2 is the O2 inspiratory fraction, PB
is the barometric pressure, and PACO2 is alveo-
lar PCO2, assumed to be equal to PCO2.

16 R is
the respiratory exchange ratio set to be 0.80 as
found in other studies of cirrhotic patients.16

The carbon monoxide diVusing capacity
(transfer factor, TLCO) was measured by

Figure 1 Distribution of PO2 (A), SO2 (B), PCO2 (C), and pH (D) in 163 patients with cirrhosis stratified according to the modified Child-Turcotte
criteria (A, B, or C) without hepatic encephalopathy (n=142) or with encephalopathy (n=21). Bars indicate medians and the hatched area the reference
interval.
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the single breath technique (Mijnhardt DiVu-
sion Spirometer, DiVusimat 2000, Bruvik,
The Netherlands) with a nitrogen mixture
containing 0.3% carbon monoxide, 10%
helium, and 20% oxygen. The results were
adjusted for blood haemoglobin and com-
pared with predicted reference values.
In patients with hepatic encephalopathy

clinical and biochemical characteristics were
obtained in addition to the measurements of
gas tensions, SO2, and pH. The galactose
elimination capacity (GEC) was measured as
previously described.22 The serum concentra-
tions of albumin, bilirubin, aspartate ami-
notransferase, alkaline phosphatase, coagula-
tion factors 2, 7, and 10, creatinine, sodium,

and potassium were measured by routine
methods with an autoanalyser (SMAC, Tech-
nicon Instruments Corporation, Tarrytown,
New York, USA).

STATISTICS

Data are expressed as mean and range. The
Mann-Whitney or Kruskal-Wallis tests were
used to compare diVerences between patient
groups. The prevalences of arterial hypoxaemia
are given with 95% confidence limits. Correla-
tion analyses were performed with the Spear-
man correlation analysis test. To examine the
association of arterial hypoxaemia with the
severity of liver disease, we performed a multi-
ple regression analysis by including pertinent

Table 4 Regression coeYcients, standard errors, p values, and adjusted r2 for the multiple regression models of determinants of arterial gas tension,
saturation, and pH in 142 cirrhotic patients

Variable Scoring
Regression
coeYcient SE p Value

Adjusted r2 for
model p Value for model

PO2 Constant 13.50 0.20 <0.0001
PCO2 kPa −0.92 0.22 <0.0001
ICG clearance ml/min 3.18 1.02 <0.005
SVR dyn/s/cm5 0.07 0.02 <0.005

SO2 Constant 97.64 0.06 <0.005
Heart rate per min −0.02 0.01 <0.005

PCO2 Constant 7.50 0.29 <0.0001
PO2 kPa −0.20 0.03 <0.0001
Child class Score −0.09 0.02 <0.0001

pH Constant 7.59 0.46 <0.0001
PO2 kPa −0.011 0.002 <0.0001
Child class Score 0.006 0.001 <0.0001
PCO2 kPa −0.019 0.005 <0.0005

PO2, arterial O2 tension; SO2, arterial O2 saturation; PCO2, CO2 arterial tension; SVR, systemic vascular resistance; ICG, indocyanine green.

Figure 2 Correlation between PO2 and HVPG, ICG clearance,MAP, and SVR in 142 patients without encephalopathy.
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clinical and haemodynamic variables. After an
initial bivariate analysis, insignificant variables
were excluded by the backwards elimination
technique.23 The two tailed significance level of
the type 1 error was fixed at 5%.

Results
Table 1 shows the characteristics of the 142
patients without encephalopathy and the 21
patients with encephalopathy and and table 2
shows the haemodynamic parameters of pa-
tients without encephalopathy. In general,
patients in Child class C had a more disturbed
systemic and splanchnic circulation than had
patients in classes A and B. Thus patients in
Child class C had a higher degree of portal
hypertension, as reflected by a higher HVPG,
and a higher degree of hepatocellular damage,
as reflected by a lower ICG clearance and
GEC. Patients in Child class C also exhibited a
higher degree of peripheral arterial vasodilata-
tion, as reflected by a lower arterial blood pres-
sure and a lower SVR (table 2).
Table 3 and figure 1 summarise the arterial

gas tensions, oxygen saturation, and pH in the
patient groups. PO2 and SO2 were significantly
lower in patients with advanced disease and PO2

was lowest in the patients with encephalopathy.
AaPO2 was higher in patients with encephalopa-
thy and advanced cirrhosis than in those with
less advanced disease in Child class A (p<0.05)
(table 3). The PCO2 was significantly lower and
pH significantly higher in patients with ad-

vanced disease and the PCO2 was lowest and pH
highest in Child class C patients and in patients
with encephalopathy. The fraction of patients
in each group with an arterial oxygen tension
below the lower normal limit of 9.6 kPa was,
respectively, 10% (95% confidence limit 3 to
23), 28% (17 to 42), 25% (13 to 30), and 43%
(22 to 66) in classes A, B, C, and in patients
with encephalopathy (p<0.05).
The prevalence of arterial hypoxaemia in

patients with cirrhosis without encephalopathy
was about 22% (15–30). SO2 was below the
lower normal limit of 92% in 0% (0–8), 9%
(3–19), 7% (1–19), and 23% (8–47) (p<0.05).
None of the patients without encephalopathy
had severe hypoxaemia with a PO2 below 8.0
kPa or an SO2 below 85%. Among patients with
encephalopathy, 29% (11–52) had severe
hypoxaemia with PO2 below 8.0 kPa and one
patient had an SO2 below 85%. In a subset of
patients (n=19), the diVusing capacity was
measured and was reduced in all patients (18.8
(11.0–28.5) ml/min/mm Hg versus predicted
values of 28.5 (22.0–38.5) ml/min/mm Hg,
p<0.0001). These data have previously been
published in part together with conventional
lung function tests.24 In these patients the
diVusing capacity correlated significantly with
the arterial oxygen saturation (r=0.74,
p<0.005).
In patients without encephalopathy, the PO2

correlated directly with the ICG clearance
(r=0.22, p<0.01), the mean arterial blood

Figure 3 Correlation between pH and HVPG, ICG clearance,MAP, and SVR in 142 patients without encephalopathy.
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pressure (MAP; r=0.23, p<0.01), and the SVR
(r=0.23, p<0.01) and inversely with the HVPG
(r=−0.19, p<0.03) (fig 2). No significant
relation of PO2 to blood haemoglobin or
indicators of renal dysfunction such as serum
creatinine was observed. In order to identify
independent determinants of the arterial oxy-
gen tension in cirrhosis, a multivariate
regression analysis was performed. It showed
that a low oxygen tension primarily was deter-
mined by a high PCO2, a low SVR, and a low
ICG clearance (table 4). The oxygen saturation
was primarily determined by the heart rate.
AaPO2 correlated significantly with the heart
rate (r=0.28, p<0.01), the cardiac index
(r=0.19, p<0.05), SVR (r=−0.33, p<0.001),
MAP (r=0.30, p<0.001), and the ICG clear-
ance (r=−0.31, p<0.001). AaPO2 correlated
directly with pH (r=0.57, p<0.001) and nega-
tively with PO2 (r=−0.90, p<0.001).
The PCO2 correlated negatively with the

heart rate (r=−0.23, p<0.005) and the HVPG
(r=−0.27, p<0.005). The pH correlated di-
rectly with the heart rate (r = 0.23, p<0.01), the
HVPG (r=0.39, p<0.001), the postsinusoidal
resistance (r=0.23, p<0.01), and the plasma
volume (r=0.21, p<0.03) and negatively with
the ICG clearance (r=−0.42, p<0.001), GEC
(r=−0.30, p<0.005), MAP (r=−0.19, p<0.03),
the SVR (r=−0.19, p<0.03), CCT (r=−0.26,
p<0.01), and PO2 (r=−0.45, p<0.001) (fig 3).
Table 4 shows independent determinants of
PCO2 and pH in the multivariate analyses.

Discussion
The main findings of the present study are that
mild arterial hypoxaemia occurs in about 22%
of patients with cirrhosis and severe hypoxae-
mia seems to occur primarily in patients with
advanced disease and encephalopathy. There is
a significant, although weak, correlation be-
tween the degree of arterial dysoxygenation on
the one hand and the deranged systemic and
portal haemodynamics on the other.
Arterial hypoxaemia in patients with cirrho-

sis of various aetiologies has been known for
many years.1–3 25 26 However, the prevalence
reported in the literature varies from about
30% to 70% in the diVerent patient
populations.1 3 6 27 Thus, our observation of a
prevalence of arterial hypoxaemia of 22% in a
large consecutive population of patients with
cirrhosis is somewhat lower than published
values. A potential variation in the definition of
hypoxaemia between diVerent laboratories is
an unlikely explanation for the discrepancy
between our results and those of others. One
explanation could be a diVerence in the sever-
ity of the disease in the patients studied. Our
study population consisted of a broad spec-
trum of patients with cirrhosis, ranging from
those with almost normal liver function to
those with severe hepatic insuYciency. We
found the lowest oxygen tensions and satura-
tions in patients with severely impaired liver
function and encephalopathy; hence the pa-
tients entered in other studies may have
reached a more advanced state of the disease
with many candidates for liver
transplantation.3 5 6 26 Previous studies have

indicated that the aetiology, the degree of liver
dysfunction, and the stage of the disease aVect
the degree of dysoxygenation.26 28 29 In this
sense, we found significant associations be-
tween the arterial oxygen tension and the ICG
clearance and the HVPG, which reflect both
the metabolic/excretory function and the de-
rangement of the splanchnic circulation. A few
of our patients with advanced cirrhosis had
supranormal values of PO2 and SO2, but this is
probably explained by hyperventilation, as the
patients did not receive oxygen.
Arterial hypoxaemia in patients with ad-

vanced cirrhosis may be a consequence of either
parenchymal lung disease, including interstitial
lung diseases, obstructive airway disease, pleu-
ral eVusions, or pulmonary vascular disease.27

In the absence of primary lung disease, the
major causes of arterial hypoxaemia in cirrhosis
and portal hypertension may be pulmonary
arteriovenous shunting, portopulmonary shun-
ting, and intrapulmonary vascular abnormali-
ties, limited diVusion of oxygen, and/or
ventilation-perfusion mismatching.3 6 30 Im-
paired regulation of the pulmonary vascular tone
has been put forward as an important cause of
the low ventilation:perfusion ratio in cirrhotic
patients with a high CO and low SVR and low
pulmonary vascular resistance and it is conceiv-
able that an impaired hypoxic pulmonary
vasoconstriction contributes to the ventilation-
perfusion mismatch in these patients.29 30 Our
findings of a relation between the arterial blood
pressure and the SVR on the one hand and PO2

on the other agree with this concept. Fluid
retention may cause interstitial and airway
oedema, which may reduce alveolar ventilation
in some areas.1 2 31 Finally, in the presence of
ascites the basal parts of the lungs may be com-
pressed, leading to hypoventilation.32

The hepatopulmonary syndrome now con-
stitutes a well defined clinical entity character-
ised by the clinical triad of chronic liver disease,
increased alveolar-arterial oxygen gradient,
and evidence of intrapulmonary vascular
dilatations.11 Results of the present study
confirm an increased alveolar-arterial oxygen
gradient which seems to be associated with the
severity of the liver disease and the systemic
and splanchnic haemodynamics. The signifi-
cant direct correlation between the diVusing
capacity and the oxygen saturation as described
in the present study lends further support to a
diVusion defect. However, it is still a matter of
debate whether the reduction in lung diVusion
capacity and arterial hypoxaemia observed in
chronic liver disease is caused primarily by vas-
cular dilatation or by a ventilation-perfusion
defect owing to the reasons given above.27 30

Low carbon dioxide tensions and respiratory
alkalosis were found especially in patients with
advanced disease. The pathogenesis remains
unclear,33 but hypoxaemia per se has been sug-
gested as a leading cause.33 Our findings of the
highest arterial pH in patients with advanced
disease and significant correlations of pH and
indicators of liver failure, such as ICG clear-
ance, the GEC, and splanchnic and systemic
haemodynamics, favour this hypothesis. Our
findings of a significant negative correlation
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between the PO2 and pH support arterial
hypoxaemia as a contributing factor to the
acid-base derangements in cirrhosis. However,
other factors such as interstitial oedema,
reduced lung compliance, abnormal respiratory
mechanics, and sex hormone abnormalities in
cirrhosis may also be implicated.34–36 In contrast,
two of our patients with encephalopathy had
increased PCO2 (fig 1C). Both patients had a low
pH and one patient a low PO2 which suggests
the presence of hypoventilation and advanced
cerebral dysfunction, as no history of primary
lung disease was known.
In conclusion, the frequency of arterial

hypoxaemia in a large consecutive population
of patients with cirrhosis is about 22% and var-
ies from 10 to 40% depending on the severity
of the liver disease. This prevalence is lower
than previously estimated, and patients with
severe arterial hypoxaemia are rare.
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