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Abstract

Background: Cirrhosis, as the end stage of a variety of chronic liver diseases, can affect oxygenation in patients and make them hy-
poxic through hepatopulmonary syndrome or portopulmonary hypertension. However, we observed that some patients referring
to our center for liver transplantation had high arterial oxygen saturation.
Objectives: This study was designed to investigate the presence and association of hemoglobin oversaturation in cirrhotic patients
candidate for liver transplantation.
Methods: In a cross - sectional study, cirrhotic patients referring to Shiraz Organ Transplantation Center were included from 2013
to 2015. The exclusion criteria were other disorders that might affect O2 saturation and other causes of liver transplantation except
for cirrhosis. Also, we excluded all patients with chest X - ray abnormality. Hemoglobin saturation was measured by arterial blood
gas analysis. Patients were divided into two groups, oversaturated patients (Hb sat O2 ≥ 98%) as the case group and patients with
Hb sat O2 < 98% as the control group. We compared the case and control groups for the cause of cirrhosis, sex, smoking status, age,
spirometry, model for end - stage liver disease (MELD) score, and the place of residence’s altitude. After univariate analysis, logistic
regression models were used for multivariate analysis and adjusted for significant and near significant (P value < 0.2) covariates.
Results: Of 495 patients, 18.6% were oversaturated. Moreover, 64.5% of the control group patients were males versus 58.7% of the case
group. The mean age of the control group (40.6± 14.7) was significantly higher than that of the case group (36.8± 15.7) in univariate
analysis (P value = 0.02). Hemoglobin oversaturation was significantly higher in patients with auto - immune hepatitis (AIH) than
in patients with other causes of cirrhosis (P value = 0.001). There was no significant difference between the case and control groups
in other causes of cirrhosis or other factors. In multivariate analysis, just AIH remained statistically significant in the models (odds
ratio = 2.03; 95% confidence interval = 1.13 - 3.65; P value = 0.01). After finding an association between AIH and oversaturation, the
drugs routinely used for the treatment of AIH were compared between the case and control groups. No significant difference was
found between them in using prednisone, azathioprine, and cyclosporine (P values = 0.5, 0.6, and 0.6, respectively).
Conclusions: Based on our research, there was an association between oversaturation in cirrhotic patients and AIH. The association
was not related to the drugs used for the treatment of AIH.
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1. Background

Despite various etiologies of chronic liver disease, the
final outcome is similar to some extent. Cirrhosis, as
the end stage of most chronic liver diseases, accounts for
high morbidity and mortality all over the world. The pa-
tients may suffer from other extra - hepatic organ compli-
cations. Widened alveolar - arterial oxygen difference (>
20 mmHg) is common and hypoxemia may occur in some
cases (1). Respiratory failure and hypoxemia serve as the
consequences of hepatopulmonary syndrome, portopul-
monary hypertension, and hepatic hydrothorax among
these patients (2). Hepatopulmonary syndrome (HPS) is

seen in 15% to 30% of cirrhotic patients (3).
Unexpectedly, some cirrhotic patients are oversatu-

rated. During the routine workups before liver transplan-
tation, in our referral center, we observe that some patients
have high hemoglobin oxygen saturation levels without
any oxygen therapy. This condition has not studied and fo-
cused yet.

2. Objectives

Thus, our study aimed to confirm and determine the
association between some risk factors and related parame-
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ters of liver cirrhosis and high hemoglobin oxygen satura-
tion in these patients.

3. Methods

This study was approved by the Ethics Committee
of Shiraz University of Medical Sciences (ethics code:
IR.sums.med.rec.1396.s03). The study participants in-
cluded patients who were candidates for liver transplanta-
tion. In a cross - sectional study, we enrolled cirrhotic pa-
tients who referred to Shiraz Organ Transplantation Cen-
ter from 2013 to 2015. The exclusion criteria were other
disorders that might affect O2 saturation, including intrac-
ardiac shunt, intrapulmonary shunt, pulmonary arterial
hypertension, moderate to severe ascites, cystic fibrosis,
and other causes of liver transplantation, except for cirrho-
sis. Moreover, we excluded patients with chest X - ray ab-
normality from this study. The patients’ medical records
were reviewed for data gathering. The participants were
divided into case and control groups based on their ar-
terial oxygen saturation (AOS) measured by atrial blood
gas (ABG) sampling. The ABG sampling was performed in
the outpatient clinic before admission for liver transplan-
tation. The patients were in the sitting position for five
minutes before sampling. Oxygen oversaturation was de-
fined as an arterial oxygen saturation (AOS) equal to or
more than 98%. The oversaturated patients (AOS ≥ 98%)
were regarded as the case group while the control group
was defined as patients with AOS < 98%. We compared the
case and control groups for causes of cirrhosis, age, sex,
cigarette smoking status, simple spirometry, model of end
- stage liver disease (MELD) score, and place of residence’s
altitude. The causes of cirrhosis were autoimmune hep-
atitis (AIH), primary sclerosing cholangitis (PSC), crypto-
genic, hepatitis B virus (HBV), hepatitis C virus (HCV), Wil-
son disease, primary biliary cirrhosis (PBC), alcoholic cir-
rhosis, Budd - Chiari syndrome, and biliary atresia.

Continuous variables were presented using means and
standard deviations. Numbers and percentages were used
for categorical variables. The chi - square test and indepen-
dent t - test were used for univariate analysis. The P values
of less than 0.05 were regarded as significant. Logistic re-
gression models were used to calculate the odds ratio and
95% confidence interval (CI). Multivariate models were ad-
justed for significant and near significant (P value < 0.2) co-
variates. All statistical analyses were done using SPSS soft-
ware (IBM SPSS, version 13).

4. Results

Of 495 participants, 92 (18.6%) had AOS ≥ 98% as the
case group and 403 (81.4%) as the control group. Moreover,

58.7% of the case group and 64.5% of the control group
were males. The mean age of the case and control groups
was 36.8 ± 15.7 years and 40.6 ± 14.7 years, respectively,
with a statistically significant difference. The number of
patients with the cause of AIH was significantly higher in
the case group than in the control group. Table 1 shows the
results of univariate analysis.

In the next step, the covariates including age, AIH, and
PSC were put in the logistic regression models for mul-
tivariate analysis. After performing the analysis, AIH re-
mained statistically significant in the models (odds ratio
= 2.03; 95% CI = 1.31 - 3.65; P value = 0.01). The Hosmer and
Lemeshow test confirmed the good fitness of the regres-
sion model (P value = 0.35). Table 2 shows the results of
multivariate analysis.

After finding an association between AIH and oversat-
uration, drugs routinely used for the treatment of AIH was
compared between the case and control groups. No sig-
nificant difference was found between the groups in using
prednisone (P value = 0.5), azathioprine (P value = 0.6), and
cyclosporine (P value = 0.6).

5. Discussion

The results of our study showed that hemoglobin over-
saturation was two times more common in cirrhotic pa-
tients with AIH than in patients with other causes of cir-
rhosis. The oxygen saturation level is an important pre-
dictive parameter in the pulmonary evaluation of cirrhotic
patients since hypoxemia leads to a poor prognosis. Cir-
rhotic patients who undergo their first mechanical venti-
lation are prone to the increased risk of mortality (4).

It is found that the prognosis of patients with HPS that
presents with severe hypoxemia is poor even after liver
transplantation (5). Therefore, it is important to measure
the patients’ oxygen saturation level. Therefore, finding an
etiology for oversaturation in some patients may help us
find a way of managing hypoxemia in cirrhotic patients.
Based on our search, there was no previous article focusing
on oxygen oversaturation in cirrhosis.

ABG has more accuracy than pulse oximetry (6).
Ghayumi et al. (7) found that pulse oximetry had enough
accuracy (more than 94% equal to ABG sampling) for pre-
dicting hypoxemia in end - stage liver failure. However, the
results of another study conducted by Forde et al. (8) re-
vealed that pulse oximetry had low sensitivity (28%; 95% CI,
18% - 28%) to detect HPS in patients evaluated for liver trans-
plantation. AS the ABG remains the gold standard method,
we decided to use this method for defining the case and
control groups.

We excluded all patients with diseases other than
cirrhosis like intracardiac shunt, intrapulmonary shunt,
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Table 1. Some Factors Related to Cirrhosis Compared Between Oversaturated Patients (≥ 98% as the case group) and the Control Group in Univariate Analysisa

Characteristics All Participants Case Group Control Group Unadjusted OR (95% CI) P Values

Total 495 92 (18.6) 403 (81.4)

Sex 1.27 (0.8 - 2.03) 0.29

Male 314 (63.4) 54 (58.7) 260 (64.5)

Female 181 (36.6) 38 (41.3) 143 (35.5)

Age, y 39.9 ± 14.9 36.8 ± 15.7 40.6 ± 14.7 1.01 (1.002 - 1.03) 0.02

Smoking 1.08 (0.46 - 2.53) 0.85

Yes 40 (8.1) 7 (7.6) 33 (8.2)

No 455 (91.9) 85 (92.4) 370 (91.8)

AIH 2.57 (1.49 - 4.44) 0.001

Yes 76 (15.4) 25 (27.2) 51 (12.7)

No 419 (84.5) 67 (72.8) 352 (87.3)

PSC 1.8 (0.94 - 3.47) 0.07

Yes 98 (19.8) 12 (13) 86 (21.3)

No 397 (80.2) 80 (87) 317 (78.7)

Cryptogenic 1.23 (0.7 - 2.15) 0.45

Yes 94 (19) 20 (21.7) 74 (18.4)

No 401 (81) 72 (78.3) 329 (81.6)

HBV 1.43 (0.81 - 2.5) 0.21

Yes 122 (24.6) 18 (19.6) 104 (25.8)

No 373 (75.4) 74 (80.4) 299 (74.2)

HCV 1.26 (0.27 - 5.79) 0.76

Yes 13 (2.6) 2 (2.2) 11 (2.7)

No 482 (97.4) 90 (97.8) 392 (97.3)

Wilson disease 2.13 (0.63 - 7.18) 0.22

Yes 30 (6.1) 3 (3.3) 27 (6.7)

No 465 (93.9) 89 (96.7) 376 (93.3)

City altitude, km 1.117 ±0.599 1.125 ± 0.578 1.115 ± 0.605 0.97 (0.64 - 1.45) 0.89

FEV1 (predicted
percent)

85.9 ± 16.8 84.7 ± 15.3 86.1 ± 17.1 1.005 (0.99 - 1.01) 0.48

FVC (predicted
percent)

85.4 ± 15.7 84.3 ± 15 85.6 ± (15.9) 1.005 (0.99 - 1.02) 0.5

Meld score 20 ± 5.3 20.4 ± 5.6 19.9 ± 5.2 0.98 (0.94 - 1.02) 0.39

aValues are expressed as mean ± SD or No. (%).

pulmonary arterial hypertension, and cystic fibrosis that
could affect oxygenation. Also, patients with chest radio-
graphic abnormalities were excluded from the study. It
was done to prevent the concurrent effect of other situa-
tions on oxygenation.

As an unresolved inflammatory liver disease, AIH is as-
sociated with hypergammaglobulinemia and serum au-
toantibodies of unknown causes (9). The first - line treat-
ment of AIH is combination therapy with prednisone and

azathioprine (10). We could not make an exact hypothesis
of the association between AIH and oversaturation in cir-
rhotic patients. It was doubtful whether the treatment of
AIH and taking corticosteroids for a long time may have
caused this association. Thus, in the next step, the case and
control groups were compared for using prednisone, aza-
thioprine, and cyclosporine. There was no significant dif-
ference between the case and control groups.

As far as we know, some factors including tempera-
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Table 2. Results of Multivariate Analysis After Adjusting Logistic Regression Models
for Significant and Near Significant Factors in Univariate Analysis

Covariates Odds Ratio
95% CI for Odds Ratio

P Values
Lower Upper

Age 1.01 0.99 1.03 0.09

AIH 2.03 1.13 3.65 0.01

PSC 1.62 0.82 3.19 0.16

ture, PH, 2,3 - diphosphoglycerate concentration, and car-
bon dioxide concentration can affect the hemoglobin oxy-
gen saturation (11). There might be some differences be-
tween AIH and other causes of cirrhosis in these factors,
resulting in higher AOS. We did not include them in our
study and it should be investigated in future studies. The
level of 2, 3 - diphosphoglycerate, which affects the oxygen
affinity of hemoglobin, is not the same in various types of
liver diseases (12). The inverse association between altitude
and blood oxygen saturation has been found previously
(13). We compared the altitude of the patients’ living area.
However, we found no significant difference between the
case and control groups.

Our study is the first study to date to specifically inves-
tigate hemoglobin oxygen oversaturation in a large popu-
lation of cirrhotic patients candidate for liver transplanta-
tion. There were some limitations to this study. As stated
above, we did not document or measure some other fac-
tors that might affect hemoglobin oxygen saturation. In
this study, we did not analyze some causes of cirrhosis sep-
arately because of the very low number of participants.
These causes were PBC, Alcoholic cirrhosis’, Budd - Chiari
syndrome, and biliary atresia. Thus, our findings cannot be
generalized to the whole population of cirrhotic patients.

5.1. Conclusions

In conclusion, we found an association between AIH
and HB oversaturation as a novel finding based on the re-
sults of our research in cirrhotic patients candidate for
liver transplantation. Further studies are needed to docu-
ment these findings and explore reasons for the HB over-
saturation in AIH cirrhotic patients.
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