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Abstract

Background: Oxygenated hemoglobin(OxyHem) is a sim-
ple-to-measure marker of oxygen content capable of pre-
dicting all-cause mortality in stable chronic obstructive pul-
monary disease (COPD). Objectives: We aimed to analyze its
predictive value during acute exacerbations of COPD (AE-
COPD). Methods: In this retrospective study, data from 227
patients discharged after severe AECOPD at RoMed Clinical

Center Rosenheim, Germany, between January 2012 and
March 2018, was analyzed. OxyHem (hemoglobin concen-
tration [Hb] x fractional SpO,, g/dL) was calculated from ox-
ygen saturation measured by pulse oximetry and hemoglo-
bin assessed within 24 h after admission. The follow-up (1.7
+ 1.5 years) covered all-cause mortality, including readmis-
sions for severe AECOPD. Results: During the follow-up pe-
riod, 127 patients died, 56 due to AECOPD and 71 due to
other reasons. Survivors and non-survivors showed differ-
ences in age, FVC % predicted, C-reactive protein, hemoglo-
bin, Cr, Charlson Comorbidity Index (CCl), and OxyHem (p <
0.05 each). Significant independent predictors of survival
were BMI, Cr or CCl, FEV; % predicted or FVC % predicted, Hb,
or OxyHem. The predictive value of OxyHem (p = 0.006) was
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superior to that of Hb or SpO, and independent of oxygen
supply during blood gas analysis. OxyHem was also predic-
tive when using a cutoff value of 12.1 g/dL identified via re-
ceiver operating characteristic curves in analyses including
either the CCl (hazard ratio 1.85; 95% Cl 1.20, 2.84; p = 0.005)
or Cr(2.04;95% Cl 1.35,3.10; p =0.001) as covariates. Conclu-
sion: The concentration of OxyHem provides independent,
easy-to-assess information on long-term mortality risk in
COPD, even if measured during acute exacerbations. It there-
fore seems worth to be considered for broader clinical use.
© 2021 S. Karger AG, Basel

Introduction

Chronic obstructive pulmonary disease (COPD) is a
progressive, debilitating condition, and estimated to be-
come the third-leading worldwide cause of death in 2020
[1, 2]. Various measures, such as the BMI and the degree
of airflow obstruction and dyspnea, or integrative scores
such as the BODE ndex have been shown to be relevant
for COPD prognosis under stable conditions [3-5]. In
contrast, the use of blood gas analyses (BGAs) has been
largely restricted to the acute, unstable situation [6]. Re-
cently, however, we found that they carry prognostic in-
formation also under stable conditions [7]. Of special in-
terest is the oxygen content of the blood (Ca0O,), which is
given by the hemoglobin concentration (Hb), oxygen sat-
uration (SaO, or SpO,), and partial pressure of oxygen
(PaO,) [8]. Due to the minor contribution from solved
oxygen, CaO, is practically equivalent to the simpler mea-
sure “oxygenated hemoglobin” (OxyHem), which is the
concentration of OxyHem (g/dL) obtained by multiply-
ing Hb with fractional SaO, [2], alternatively SpO,. This
measure has the great advantage that it can be determined
without the need for arterial or capillary BGAs and the
respective equipment.

The predictive value of OxyHem in stable COPD, es-
pecially for mortality [2], has been shown in the large pro-
spective COPD cohort Systemic Consequences — Comor-
bidities Network (COSYCONET) [9]. OxyHem was
found to be independent of other predictors such as age,
BMLI, airflow obstruction, or cardiovascular comorbidi-
ties. The marker was furthermore independent from oxy-
gen supply during BGA assessments [2]. This robustness
raised the question whether it would be useful for long-
term prediction also when assessed under unstable condi-
tions, for example, during a visit due to acute deteriora-
tion of the disease or a severe exacerbation requiring hos-
pitalization. To answer this question, we analyzed data
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collected within the first 24 h after admission for COPD
exacerbation, that is, under unstable conditions. The out-
come measure was long-term mortality after discharge
from the hospital.

Methods

Study Population

The study comprised a retrospective analysis of patients admit-
ted between January 2012 and March 2018 to the RoMed Clinical
Center Rosenheim, Germany. From a computerized database, all
files of patients admitted due to acute COPD exacerbation were
retrieved and coded in line with the 10th revision of the Interna-
tional Classification of Diseases (ICD-10; J44.0: COPD with acute
exacerbation unspecified, or J44.1: COPD with acute lower respi-
ratory tract infections).

Selection Criteria

All patients discharged with information from follow-up were
included in the analyses. The follow-up comprised subsequent
hospital admissions at RoMed Clinical Center Rosenheim for re-
spiratory and non-respiratory causes. It was determined whether
patients died at the last admission recorded in the files, or whether
they left the hospital alive. Data from patients admitted to other
hospitals was not included due to the lack of comparable data. A
comparison of patients, for whom no follow-up information could
be obtained, and those included in the present study did not show
significant differences regarding age or the severity of COPD.

Lung Function Measurements and BGA

Lung function was assessed within 24 h after admission and
comprised spirometry and body plethysmography performed ac-
cording to established guidelines [10-12], using Global Lung
Function Initiative (GLI) reference values [13]. BGAs were also
performed within 24 h. The values of PaO,, PaCO,, and pH were
obtained from direct arterial puncture or from arterialized capil-
lary blood from the earlobe [14]. For analysis, we took the values
of SpO, as measured by pulse oximetry, using standard clips placed
over a fingertip or earlobe. CaO, was calculated as 1.34 x Hb x
fractional SpO, + 0.0031 x PaO, [15]. The concentration of Oxy-
Hem (g/dL) was calculated as Hb x fractional SpO, [2].

Laboratory Values

Laboratory values as determined within the first 24 h of admis-
sion were extracted from the hospital electronic database. The
numbers of leukocytes (x10?/L) and erythrocytes (Ery/pL), and the
values of hemoglobin (g/dL), hematocrit (%), C-reactive protein
(CRP) (mg/dL), and Cr (mg/dL) were considered for analysis.
Measures that were only assessed in case of suspected conditions,
such as d-dimers, NT-pro-BNP, or troponine, were not considered
due to their limited availability.

Comorbidities

Comorbidities were extracted from the hospital electronic data-
base according to the 10" revision of the International Classification
of Diseases, and prognostically relevant comorbidities were summa-
rized using the Charlson Comorbidity Index (CCI) [16]. In its com-
putation, age was omitted, if age was carried as explicit predictor.
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Table 1. Characteristics of the study cohort (n = 227)

Variable All Survivors Non-survivors p value
N =227 N =100 N=127
Sex (f/m) 111/116 54/46 57/70 0.109
Age, yr 71.3+£9.0 69.0£8.6 73.2+£9.0 <0.001
BMI, kg/m? 26.1+6.4 26.9+6.5 25.4+6.3 0.092
Pack years 45.2+23.9 44.0+£22.9 45.9+25.2 0.784
FEV, % predicted (GLI) 42.1£15.5 44.3+16.3 40.2+14.6 0.060
FVC %predicted (GLI) 58.0+17.0 63.0£15.8 53.7£16.9 <0.001
FEV,/VCmax, % 49.8+12.1 48.5+12.0 50.8+12.2 0.175
SpO,, % 92.8+4.8 93.4+3.7 92.3+5.5 0.091
PaO,, mm Hg 68.9+15.3 69.5£15.0 68.4+15.6 0.595
PaCO,, mm Hg 44.2+10.4 43.7£10.1 44.7+10.7 0.481
pH 7.4+0.1 7.4+0.0 7.4+0.1 0.100
BE, mmol/L 2.3+4.5 2.5+4.1 2.0+4.8 0.415
Ca0,, mL/dL 17.242.6 17.9+2.3 16.7+2.7 <0.001
OxyHem, g/dL 12.7£1.9 13.2+1.7 12.3£2.0 <0.001
CRP, mg/dL 2.5+4.1 1.6+3.0 3.3+4.7 0.002
Leukocytes, x10°/L 10.2+3.7 9.8+3.4 10.4+3.9 0.237
Erythrocytes, n/pL 4.5+0.6 4.6+0.6 4.4+0.6 0.014
Hemoglobin, g/dL 13.7£1.9 14.2+1.8 13.3£2.0 <0.001
Hematocrit, % 41.1+5.2 42.1+4.9 40.3+5.4 0.009
Cr, mg/dL 1.1+0.7 0.9+0.4 1.2+0.9 <0.001
GFR, mL/min 71.5%£26.2 78.6+20.9 65.9+28.7 <0.001
LTOT 105/227 (46.2%) 46/100 (46%) 59/127 (46.4%) 1.000
LTOT flow, L/min 2.2+0.7 2.3+0.8 2.2+0.7 0.542
NIV 55/227 (24.2%) 29/100 (29.0%) 26/127 (20.5%) 0.161
CCI 5.0+1.9 4.6x1.7 5.3+1.9 0.004

The table shows mean values, SDs, or absolute numbers and percentages in case of sex, LTOT, and NIV. p
values are given explicitly. FEV}, forced expiratory volume in 1 s; FVC, forced vital capacity; SpO,, arterial oxy-
gen saturation as measured by pulse oximetry; PaO,, partial pressure of arterial oxygen; PaCO,, partial pressure
of carbon dioxide; BE, base excess; CaO,, oxygen content of blood; OxyHem, oxygenated hemoglobin; CRP, C-
reactive protein; GFR, glomerular filtration rate; NIV, noninvasive ventilation; CCI, Charlson Comorbidity Index
(including age); SD, standard deviation; GLI, Global Lung Function Initiative.

Statistical Analysis

We described categorical data using frequencies and percent-
ages, and continuous data via mean values and standard deviations.
To compare the groups of deceased versus surviving patients, Fish-
er’s exact test for categorical variables and Student’s ¢ test for con-
tinuous variables were used, as appropriate. Cox proportional haz-
ard regression analysis was employed to evaluate the independent
prognostic value of OxyHem assessed upon admission for acute
exacerbations of COPD (AECOPD) on long-term mortality, always
keeping sex, age, and BMI as covariates, and selectively including
other predictors such as lung function, leukocyte number, or the
CCI. In these analyses, OxyHem was kept as the continuous vari-
able. Alternatively, it was analyzed as the binary variable, defined
via an optimal cutoff value that was identified by the receiver oper-
ating characteristic (ROC) analysis of OxyHem against life status
within the follow-up period, using the Youden-Index as a criterion.
All statistical tests were two sided, and p values <0.05 were consid-
ered statistically significant. Statistical analyses were performed
with SPSS version 25 (IBM Corp., Armonk, NY, USA).

Oxygenated Hemoglobin in AECOPD

Results

Characteristics of Survivors and Non-Survivors

The median follow-up time was 1.7 + 1.5 years (£SD),
and 227 patients with severe exacerbations requiring hos-
pital admission were included. Their mean (+SD) age was
71.3 9.0 years, the FEV at admission 42.1 + 15.5 % pre-
dicted, and 111 (48.9%) were female. Overall, 127 patients
(55.9%) died during follow-up in the center, among them
56 (44.1%) due to another acute exacerbation of COPD
and 71 (55.9%) due to other conditions. Patients’ charac-
teristics stratified for survivors and non-survivors are
presented in Table 1. Non-survivors were significantly
older and had lower FVC % predicted. Concerning SpO,,
Pa0,, PaCO,, pH, or BE, no significant differences be-
tween groups were observed. However, CaO, and its
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Table 2. Cox proportional hazard regression analysis for mortality risk including BMI, FEV1 % predicted, and
OxyHem <12.1 g/dL as a binary variable, and either Cr (upper subtable) or CCI (lower subtable)

Predictor B SE HR 95% CI for HR p value
lower upper

With Cr

BMI (kg/mz) -0.047 0.017 0.954 0.923 0.986 0.005

OxyHem < 12.1 (g/dL) 0.713 0.213 2.040 1.345 3.095 0.001

Cr (mg/dL) 0.246 0.103 1.279 1.044 1.566 0.017

FEV (%predicted) -0.014 0.007 0.986 0.973 0.999 0.042

With CCI

BMI (kg/mz) —-0.058 0.018 0.944 0.912 0.977 0.001

OxyHem < 12.1 (g/dL) 0.613 0.219 1.847 1.202 2.838 0.005

CCI > 3 (points) 0.220 0.083 1.246 1.059 1.466 0.008

FEV| (%predicted) -0.016 0.007 0.984 0.971 0.997 0.019

The table shows the results of the Cox regression analysis for mortality risk. The mean follow-up time was 1.7
years. Sex, age, BMI, CCI (without age), and FEV; % predicted were included as covariates. B indicates the un-
standardized estimate and HR is expressed as (= exp[B]). SE, standard error; HR, hazard ratio; CI, confidence
interval; CCI, Charlson Comorbidity Index; OxyHem, oxygenated hemoglobin; FEV1, forced expiratory volume

inls.

marker OxyHem were significantly lower in non-survi-
vors compared to survivors (16.7 £ 2.7 vs. 17.9 + 2.3 mL/
dL and 12.3 + 2.0 vs. 13.2 + 1.7 g/dL, respectively; p <
0.001 each). Moreover, non-survivors had a worse kidney
function, higher levels of CRP, and lower hematocrit val-
ues, with lower Hb and erythrocyte number (p < 0.05
each). Patients who died from AECOPD had more severe
airflow limitation in terms of FEV; % predicted and a
lower comorbidity burden compared to those who died
from other causes, while no significant differences were
observed in terms of conventional BGA or OxyHem (on-
line suppl. Table 1; for all online suppl. material, see www.
karger.com/doi/10.1159/000513440).

Comorbidities

A summary of frequent comorbidities stratified for
survivors and non-survivors is presented in the online
suppl. Table 2. The most frequent comorbidities accord-
ing to ICD-10 codes were cardiovascular, metabolic, re-
nal, and mental disorders. More than half of all patients
had cardiovascular comorbidities, with the diagnoses of
“arterial hypertension” in 49.8%, “congestive heart fail-
ure” in 34.4%, “hypertensive heart disease” in 22.9%, and
“atrial fibrillation or atrial flutter” in 19.8% of cases. The
most prevalent metabolic disorders were “type 2 diabetes
mellitus” in 23.8%, “other hypothyroidism” in 14.1%,
“disorders of lipoprotein metabolism and other lipid-
emias” in 13.7%, and “disorders of purine and pyrimidine
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metabolism” in 7.0%. For single comorbidities, signifi-
cant differences between survivors and non-survivors oc-
curred for “other pulmonary heart diseases” and renal
impairment in terms of diagnosed “CKD” or “glomerular
disorders in diseases classified elsewhere,” that were over-
all presentin 5.7, 18.5, and 6.2%, respectively. The comor-
bidity burden (including age) if summed up using the
CCI was significantly higher in non-survivors compared
to survivors with 4.6 + 1.7 versus 5.3 + 1.9 points (p =
0.004).

ROC Curves

ROC curves showed OxyHem as a significant mortal-
ity predictor with an area under the curve of 0.642 (95%
CI 0.570-0.714; p < 0.0001) and an optimal cutoff value
of12.1 g/dL according to the Youden Index (online suppl.
Fig. 1).

Cox Proportional Hazard Regression Analyses

In all analyses, age, sex, and BMI were carried as po-
tential covariates. FEV; % predicted, FVC % predicted,
Cr, CCI, Hb, and OxyHem were significant (p < 0.05
each) predictors, if added as single variables to the set of
covariates. Leukocyte number and CRP were not relevant
and omitted from further analyses. When comparing
FEV, % predicted and FVC % predicted, as highly corre-
lated measures of lung function, FVC was significant but
FEV, was no more. Regarding Cr versus CCI as indicators
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Fig. 1. Cox proportional hazards cumulative survival curves, stratified for OxyHem >12.1 g/dL (left panel) or for
the combination of OxyHem >12.1 g/dL and Cr >1.45 mg/dL (right panel). BMI, FEV1 % predicted, and Cr were
carried as covariates. The HRs for the binary OxyHem and binary Cr are given in Table 2, upper subtable. Oxy-
Hem, oxygenated hemoglobin; HR, hazard ratio.

of comorbidity, the CCI was superior to Cr. OxyHem and
Hb were closely related to each other by the way OxyHem
is computed; when comparing them, OxyHem was sig-
nificant but Hb was not . SpO, was not a significant pre-
dictor.

To identify the best ones among these correlated pre-
dictors, we performed a stepwise (forward) Cox regres-
sion analysis with OxyHem, CCI, and FVC % predicted.
OxyHem was significant (p = 0.006), in addition to BMI
(p = 0.002), CCI (p = 0.026), and FVC % predicted (p =
0.021). The result for OxyHem was robust (p = 0.001)
when replacing the CCI by Cr (p = 009) and FVC % pre-
dicted by FEV,; % predicted (p = 0.033). When perform-
ing a forward selection with all the variables mentioned
in the initial analysis, BMI, FEV; % predicted, Cr, and
OxyHem remained as only predictors showing that these
physiologically meaningful predictors were also statisti-
cally consistent (online suppl. Table 3). Moreover, the
predictive value of OxyHem was independent of the con-
dition of oxygen supply during BGA (online suppl. Table
4), whereby the numerical value of the OxyHem coeffi-
cient was virtually unchanged. A direct comparison of
OxyHem with Hb was difficult due to the high degree of
collinearity. If performed stepwise, always OxyHem was
selected and Hb was removed (also see below).

Oxygenated Hemoglobin in AECOPD

Following the results of the ROC analysis, the continu-
ous OxyHem was then replaced by a binary variable de-
fined via the cutoff value of 12.1 g/dL. This resulted in a
hazard ratio for OxyHem of 2.04 (95% CI 1.35, 3.10; p =
0.001), when using Cr as the covariate. In a stepwise for-
ward approach with all variables mentioned above, the
CCI was slightly superior to Cr regarding its predictive
value. In this case, the hazard ratio for OxyHem being
below 12.1 g/dL was 1.85 (95% CI 1.20, 2.84; p = 0.005).
Thus, the results for OxyHem were statistically robust.
They are given in Table 2 when including either Cr or CCI
as the covariate. Survival curves for OxyHem are shown
in Figure 1, either alone or in combination with a Cr cut-
off value of 1.45 mg/dL. It can be seen that OxyHem was
of particular value in patients with lower Cr levels, while
at high Cr levels, Cr dominated. Comparisons between
Hb and OxyHem were limited by the high degree of col-
linearity between these 2 indices, particularly if continu-
ous measures were used. This could be partially remedied
by using indicator variables. The optimal ROC-deter-
mined cutoff value for Hb regarding mortality was 13.0 g/
dL, and the result of a Cox regression analysis including
the 2 predictors showed that OxyHem was still statisti-
cally significant (p = 0.006) but Hb was not (p = 0.3305).
A similar result was obtained when including the covari-
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ates BMI, Cr, and FEV,; % predicted, or when choosing
higher or lower cutoff values for Hb. All results indicated
OxyHem to be a robust predictor and superior to Hb.

Discussion

The concentration of OxyHem is a novel, simple-to-
measure marker of the oxygen content of blood and was
recently identified as an independent outcome predictor
in stable COPD [2]. The present study set out to investi-
gate the predictive value of OxyHem for long-term mor-
tality when assessed at the beginning of an acute COPD
exacerbation, that is, within 24 h after admission. We in-
cluded data from patients discharged from the hospital
and assessed their outcomes at the last of their following
hospital admissions within a follow-up period of 1.7 £ 1.5
years. Based on findings from previous work [2], we
aimed to assess the predictive robustness of OxyHem and
to compare it to other laboratory and functional markers.

The major finding of our analysis was that OxyHem is
a significant predictor of long-term mortality if assessed
during an acute exacerbation, including if determined
with oxygen supply during BGA. Its predictive value was
independent of other established risk factors such as BMI,
kidney function, and FEV. Furthermore, it was superior
to that of Hb alone [17, 18]. These results add to our pre-
vious findings obtained in patients with stable COPD in
the COSYCONET cohort. Out of a broad panel of blood
gas measures, comorbidities and inflammatory markers,
OxyHem and leukocyte count were identified as those
biomarkers that reflected the current burden of the dis-
ease and predicted significant disease-related outcomes,
including mortality [2]. In the present study, leukocyte
count did not play a role, similar to CRP, and this was
probably due to the fact that under unstable clinical con-
ditions leukocyte count is quite variable and thus not suit-
able as a long-term predictor.

COPD is often accompanied by comorbidities that sig-
nificantly contribute to disease burden and outcomes
[19-21]. Almagro and colleagues [22] identified the qual-
ity of life, marital status, depressive symptoms, prior hos-
pital admission, and comorbidities as prognostic relevant
after hospital admission for acute exacerbations of COPD.
The multidimensional CODEX index developed to esti-
mate survival chances in patients hospitalized for COPD
exacerbation includes the age-adjusted CCI, obstruction,
dyspnea, and previous severe exacerbations [23]. Clinical
practice shows that in the acute setting these measures are
often not completely available. There is also no algorithm
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for deriving an estimate of long-term risk from the acute
setting. This was one of the reasons why we focused on
most simple, readily available measures such as OxyHem
and Cr that have been shown to be predictive for long-
term risk at least under stable conditions [2, 7]. Our study
population presented with a broad panel of comorbidi-
ties, especially cardiovascular, metabolic, renal, and men-
tal diseases, but only pulmonary hypertension and kidney
diseases had a relevant impact on mortality, if considered
as single comorbidities. In line with these findings, Cr was
significantly elevated in the non-survivor group, and cor-
respondingly it was an outcome predictor for mortality
independently from OxyHem. We previously elucidated
the associations of blood gases, renal, and respiratory
function with exacerbation rate in stable COPD, using a
network analysis [7]. Kidney dysfunction had direct and
indirect effects on exacerbations, whereby the indirect ef-
fects were mainly mediated via base excess and oxygen
content, Ca0,. CaO, has an impact on COPD comor-
bidities, as tissue oxygenation, mandatory for every organ
system, depends on both the circulatory capacity and the
oxygen transport capacity of the blood [24]. The role of
CaO,, as well as its greater relevance compared to PaO,
or Sa0,, was underlined in a recent study on cognitive
impairment in COPD [25]. Other interactions regarding
CaO, involve hypoxic pulmonary vasoconstriction and
an increase of cardiac output in response to a reduced
oxygen transport capacity, possibly leading to overstrain
of the cardiovascular system, especially in patients with
preexisting congestive heart failure or pulmonary hyper-
tension.

The current GOLD guidelines recommend the use of
pulse oximetry for all COPD patients with clinical signs
suggestive for respiratory failure or right heart failure, ad-
ditionally BGAs is recommended if SpO, is below 92%
(https://goldcopd.org/2021-gold-reports/). However, the
potential predictive value of SpO, or biomarkers derived
from BGA has been not addressed in international rec-
ommendations so far.

OxyHem and Cr were independent predictors of mor-
tality. The impact of kidney disease on COPD outcome
can be explained by pathophysiological interactions be-
tween lung and kidney, as well as interactions with other
comorbidities including cardiovascular diseases [20]. Co-
morbid kidney disease substantially contributes to other
common systemic disease manifestations, such as malnu-
trition, muscle wasting, acid-base balance disturbances,
and anemia [7, 26]. The present data indicate that in the
absence of kidney disease, OxyHem was a particularly
powerful predictor, whereas in the presence of kidney
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disease this disorder dominated the prognosis, although
a low OxyHem still had an additional predictive value.
Kidney function may affect OxyHem via its effects on the
hemoglobin level that was also a powerful predictor of
mortality. The analysis faced the problem of the very high
collinearity of Hb and OxyHem, as consequence of its
definition. In stepwise analyses, the continuous OxyHem
always dominated hemoglobin, which has not provided
additional information, and the simultaneous inclusion
of 2 optimal binary variables that were less correlated
with each other, clearly underlined the dominance of
OxyHem. Compared to hemoglobin, OxyHem confers
additional information originating from SaO,, but SaO,
itself was not predictive in any way. Surprisingly, even the
application of oxygen during the determination of blood
gases including that of SaO, did not affect the predictive
value of OxyHem. It also had no predictive value per se,
for example, through correlation with other risk factors.
This suggests that OxyHem satisfies some requirements
of a biomarker suitable for clinical use.

It directly quantifies the burden of the disease on fu-
ture outcomes [27] via its close relation to oxygen content
that is relevant for proper organ function; whether it is
also useful for targeting interventions in COPD patients,
such as long-term oxygen therapy and measures against
anemia, and for evaluation of their effects, has to be de-
termined in future studies. The same is true for its poten-
tial application in other chronic disorders.

Limitations

The present study has limitations arising from its de-
sign as a retrospective analysis. A comparison of patients,
for whom no follow-up information could be obtained,
and those included in the present study did not show sig-
nificantdifferences regarding age or the severity of COPD.
Thus, there is no reason suggesting a bias toward the re-
sults of the present analysis, particularly those obtained
for OxyHem. We also did not have reliable information
on the precise cause of death in those patients who did not
die from AECOPD. The data indicate that there were
some differences between these 2 groups, which were
plausible in terms of the lung function and cardiac co-
morbidity. The 2 groups were too small to yield a mean-
ingful result in separate analyses. The strength of the pres-
ent study is that all data were obtained in the same hospi-
tal under comparable conditions.

The values of PaO,, PaCO,, and pH were obtained
from arterialized capillary blood from the earlobe, an es-
tablished method to avoid arterial puncture [14]. Com-
monly, arterial BGA is considered as gold standard for the

Oxygenated Hemoglobin in AECOPD

assessment of SaO,, while in the present study pulse ox-
imetry (SpO,) was used. The 2 measures are not equiva-
lent, aslarge SpO, to SaO, differences have been observed
especially in critically ill patients. [28] In this case, SaO,
might be sensitive to biochemical alterations in the blood
and not as predictive as SpO,. Our data show that Oxy-
Hem was predictive when computed via SpO,, that is,
without the need for capillary BGA, which favors poten-
tial practical applications and is of interest, as our initial
analysis [2] performed in patients with COPD used SaO,
but only under stable conditions. Saturation measured by
co-oximetry could be superior to SpO,, better reflecting
local biochemical conditions at the oxygen-demanding
tissues. Thus, further studies should aim to better de-
scribe and confirm the physiological and clinical value of
different measures of SaO,.

Conclusions

The concentration of OxyHem provided easy-to-as-
sess information on long-term mortality risk in COPD,
especially if assessed during acute exacerbations. It was
independent from other predictors such as comorbidity
burden, kidney function, and lung function and not sen-
sitive to oxygen supply during BGA. It was also superior
to the conventional marker of Hb from which it can be
easily computed by taking into account fractional SaO,.
Thus, OxyHem appears as a robust marker well suited for
clinical use.
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