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Comparison of peripheral venous
and arterial blood gas in patients
with acute exacerbation of
chronic obstructive pulmonary
disease (AECOPD): a meta-
analysis

Introduction

Chronic obstructive pulmonary disease
(COPD) is one of the heaviest bur-
dens placed on medical institutions, not
to mention governments, all over the
world [1]. Acute exacerbation of COPD
(AECOPD) is defined as a progressive
deterioration of ventilatory function in
patients with COPD, leading to hypoxia
and hypercarbia [2]. Arterial blood gas
(ABG) is a gold standard to obtain in-
formation on the potential of hydrogen
(pH), partial pressure of carbon diox-
ide (PCO2), partial pressure of oxygen
(PO2), and bicarbonate (HCO3

–) in or-
der to measure the severity AECOPD
according to the recommendations of
National Institute for Health and Care
Excellence (NICE) [3]. However, arterial
sampling obtained by puncture biopsy
is associated with significant disad-
vantages, including technical difficulty,
pain, infection, thrombosis with distal
ischemia, as well as severe subcutaneous
hematoma, and repeated arterial punc-
ture biopsy increases the incidence of
complications. Alternative solutions for
ABG need to be found to lower the cost
of assessing and treating AECOPD.

Chen Jianxin and Lou Bingheng contributed
equally to the article and should be considered
asco-firstauthor.
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Fig. 18 Study selection procedure shown as a PRISMA flowdiagram
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Table 1 The characteristics of included studies

Study
(Year)

Cases Patients ABG ranges Exclusion criteria Outcomes Reference

Ak et al.
(2006)

132 AECOPD pH: 7.34–7.46
PCO2: 35–45mmHg
PO2: 76–100mmHg
HCO3

–: 21–26mmol/L

Absence of consent;
hemodynamic instability;
other causes of respira-
tory symptoms

pH
PCO2

PO2

HCO3
–

[6]

McCanny et al.
(2012)

94 AECOPD pH: 7.35–7.45
PCO2: 35–45mmHg
PO2: 76–100mmHg
HCO3

–: 21–26mmol/L

Not mentioned pH
PCO2

[8]

McKeever et al.
(2016)

234 AECOPD Not mentioned Unable to give informed
consent

pH
PCO2

HCO3
–

[3]

Novovic et al.
(2012)

47 AECOPD pH: 7.35–7.45
PCO2: 35–45mmHg
PO2: 76–100mmHg
HCO3

–: 22–26mEq/l

Other causes of respira-
tory symptoms

pH
PCO2

PO2

HCO3
–

[9]

Raoufy et al.
(2011)

132 AECOPD Not mentioned Other causes of respira-
tory symptoms

pH
PCO2

PO2

HCO3
–

[11]

Razi et al.
(2007)

107 AECOPD PH: 7.35–7.45
PCO2: 35–45mmHg
PO2: 76–100mmHg
HCO3

–: 21–26mmol/L

Not mentioned pH
PCO2

PO2

HCO3
–

[12]

Sadariya et al.
(2014)

150 AECOPD Not mentioned Diabetesmellitus, renal
failure, and those with
unstable hemodynamic
status

pH
PCO2

PO2

HCO3
–

[13]

AGB arterial blood gas analysis, AECOPD acute exacerbation chronic obstructive pulmonary disease, pH potential of hydrogen, PCO2 partial pressure of
carbon dioxide, PO2 partial pressure of oxygen, HCO3

– partial pressure of bicarbonate

Data from recent studies suggested
good agreement between venous blood
gas (VBG) and ABG when measuring
pH, PCO2, PO2, and HCO3– in patients
with diabetic keto-acidosis (DKA), tri-
cyclic overdose, uremia, and emergency
department (ED) trauma [4, 5]. Simulta-
neously, VBG has also been reported in
recent studies as analternative toABGfor
monitoring during AECOPD treatment
[3, 6–13].

The objective of this study was to per-
form a meta-analysis of the reported lit-
erature entries related to the agreementof
parameters pH, PCO2, PO2, and HCO3

–

between VBG and ABG to determine
whether they are comparable, in order
to verify the feasibility of replacing ABG
with VBG in patients with AECOPD.

Methods

Search strategy

A general search for English-language
literature was performed in the follow-
ing databases: PubMed, Cochrane Li-
brary, Google Scholar, and China Na-
tionalKnowledgeInfrastructure (CNKI).
Thedateof the last searchwasFebruary22
2017. The definite words applied during
the search in English included: “venous
blood gas,” “arterial blood gas,” “VBG,”
“ABG,” “chronic obstructive pulmonary
disease,” “chronicobstructionpulmonary
disease,” “COPD,” “pH,” “PCO2,” “PO2,”
“HCO3

–” inthe titlesorabstracts. Theref-
erences listed below the articles searched
were scanned and selected for inclusion
in the meta-analysis.

Inclusion and exclusion criteria

Case-control studies comparing ABG
and VBG in patients with COPD in

which sample size, study population,
criteria for patient selection, and type of
blood gas analyzer used for the analysis
were included. Searches that reported
mean and standard deviation (SD) of
paired pH, PCO2, PO2, or HCO3

– for
peripheral venous and arterial blood
samples were included. Case studies
and research on animals were excluded.
Studies in which venous samples were
obtained via central venous access were
also excluded.

Data extraction

The basic characteristics of searches, in-
cluding first author names, publication
year, patient cases, and paired vari-
ables, i.e., pH, PCO2, PO2, or HCO3

–

(mean± SD), were extracted. Full texts
and supplementary material from se-
lected literature were reviewed for the
extraction of available data. The meta-
analysis was carried out according to the
guidelines of the Preferred Reporting
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Items for Systematic Reviews and Meta-
Analyses report (PRISMA). Data anal-
ysis, including study searches, article
selection, and data extraction was per-
formed by two independent researchers;
any disagreements were discussed and
solutions sought.

Statistical analysis

In the present study, the variables de-
rived from the included investigations,
which were presented as mean± SD in
both ABGandVBG,were converted into
mean differences (mean± SD) by sub-
tracting venous values from arterial val-
ues. For the purposes of pooling the
meandifferences (MDs), 95%confidence
intervals (CIs) were required. In cases in
which 95% CIs were not provided in the
selected studies, these were calculated
from the given MDs. CIs for a mean are
a function of the standard error of mean
(SEM), which is the SD divided by the
square root of the case sample; 95% limits
of agreement (LOA) is the range of the
mean plus or minus the SD multiplied
by 2. Therefore, CIs are necessarily nar-
rower than the LOA. The data obtained
from texts directly or calculated with the
given variable were combined for MDs.

Tests forABGandVBG, includingpH,
PCO2, PO2, andHCO3

–, were considered
comparable if the average bias was less
than the error defined by standard lab-
oratory performance criteria: pH ±0.04,
PCO2 ±5mmHg, and PO2 ±7mmHg
[14].

The Higgins I2-test was used as a het-
erogeneity test to detect heterogeneity of
the included data, whereby: I2= 0 meant
no heterogeneity; I2 < 50% meant mild
heterogeneity; 50%< I2< 75% meant
moderate heterogeneity; I2> 50% meant
high heterogeneity [15]; and I2 reflects
the proportion of the part of heterogene-
ity among the total variationof effect size.
The formula is I2 = 100%× (Q– df) / Q,
whereQmeansstatisticsanddfmeansde-
grees of freedom. In the case of I2< 50%,
a fixed effects meta-analysis was used.
In the case of I2 ≥ 50%, a random ef-
fects meta-analysis was performed. The
meta-analysis was performed using the
packageMetan running in Stata software
version 13.0.
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Abstract
The objective of this meta-analysis was to
identify the correlation between arterial
blood gas (ABG) and venous blood gas (VBG)
analysis in patients with acute exacerbation
chronic obstructive pulmonary disease
(AECOPD). Seven relevant literature entries
from PubMed, the Cochrane Library, Google
Scholar, and China National Knowledge
Infrastructure (CNKI) on 1234 patients
were included in the analysis. Variables
derived from the investigations, which were
presented as mean± standard deviation
(SD) in both ABG and VBG, were converted
into mean differences (MDs) (mean± SD)
by subtracting venous values from arterial
values. For the purposes of pooling the MDs,
95% confidence intervals (CIs) were required.
Stata version 13.0 software was used to

perform the statistical analysis. As a result,
the pooled MD for the potential of hydrogen
(pH) was 0.02 pH units (ABGminus VBG) (95%
CI, 0.02–0.03), for partial pressure of carbon
dioxide (PCO2) –2.91mmHg (95% CI, –4.23 to
–1.59), for partial pressure of oxygen (PO2)
13.13mmHg (95% CI, 9.13–17.12), and for
bicarbonate (HCO3

–) –0.22mmol/l (95% CI,
–0.62 to 0.18). In conclusion, VBG analysis
compares well with ABG for pH, PCO2, and
HCO3 estimations, but not for PO2 in patients
with AECOPD.

Keywords
Hypoxia · Hypercarbia · Chronic obstructive
pulmonary disease · Transcutaneous blood
gas monitoring · Puncture biopsy

Vergleich der periphervenösen und peripherarteriellen Blutgase
bei Patientenmit akuter Exazerbation einer chronisch-
obstruktiven Lungenerkrankung (AECOPD): Eine Metaanalyse

Zusammenfassung
Ziel dieserMetaanalysewar es, die Korrelation
zwischen arteriellen (ABG) und venösen (VBG)
Blutgasanalysen bei Patientenmit akuter
Exazerbation einer chronisch-obstruktiven
Lungenerkrankung (AECOPD) zu bestimmen.
Für diese Analyse wurden sieben relevante
Berichte aus PubMed, Cochrane Library,
Google Scholar und China National Knowl-
edge Infrastructure (CNKI) mit 1234 Patienten
herangezogen. Variablen, die aus den
berücksichtigtenUntersuchungen abgeleitet
und als Mittelwert±Standardabweichung
(SD) sowohl in ABG als auch in VBG dargestellt
wurden, wurden durch Subtraktion venöser
Werte von arteriellen Werten in eine
Mittelwertdifferenz (MD; Mittelwert±SD)
transformiert. Für die Zusammenlegung der
MD wurden 95%-Konfidenzintervalle (KI)
benötigt. Für die statistische Analyse wurde

die Software Stata Version 13.0 genutzt.
Der zusammengelegte MD für den pH-
Wert betrug 0,02 pH-Einheiten (ABG minus
VBG; 95%-KI 0,02 bis 0,03), für den Koh-
lendioxidpartialdruck (pCO2) –2,91mmHg
(95%-KI –4,23 bis –1,59mmHg), für den
Sauerstoffpartialdruck (pO2) 13,13mmHg
(95%-KI 9,13 bis 17,12mmHg) und für HCO3

–

–0,22mmol/l (95%-KI –0,62 bis 0,18mmol/l).
Zusammenfassend lässt sich sagen, dass
die VBG-Analyse bei Patientenmit AECOPD
gut mit der ABG-Analyse für pH-, pCO2- und
HCO3

–-Schätzungen verglichen werden kann.
Für pO2 gilt dies dagegen nicht.

Schlüsselwörter
Hypoxie · Hyperkapnie · Chronisch-
obstruktive Lungenerkrankung · Transkutane
Blutgasüberwachung · Aspirationsbiopsie

Results

Search results

According to the PRISMA diagram
shown in . Fig. 1, 568 literature entries
were obtained from PubMed (n= 447)

and other sources (n= 121), including
the Cochrane Library, Google Scholar,
and CNKI. After the deletion of dupli-
cates, there were 514 remaining results,
of which 52 literature entries were se-
lected according to titles. By limiting
selection to studies on COPD, seven
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Fig. 29 Pooledmean
differences for pH (ar-
terial blood gasminus
venous bloodgas)with
95% confidence intervals
(CI).MDmeandifference

Fig. 39 Pooledmean dif-
ferences forpartialpressure
of carbon dioxide (PCO2)
(arterial blood gasminus
venous bloodgas)with
95% confidence intervals
(CI).MDmeandifference

studies with 1234 patients were included
in the final analysis (Ak et al. 2006,
McCanny et al. 2012, McKeever et al.
2016, Novovic et al. 2012, Raoufy et al.
2011, Razi et al. 2007, Sadariya et al.
2014).

All studies included were on the com-
parison between ABG and VBG in pa-
tients with COPD. Study characteristics
are listed in . Table 1.

Comparisons

The pooled MD for pH was 0.02 pH
units (ABG minus VBG) (95% CI,
0.02–0.03), for PCO2 –2.91mmHg (95%
CI, –4.23 to –1.59), for PO2 13.13mmHg
(95% CI, 9.13 to 17.12), and for HCO3

–

–0.22mmol/l (95% CI, –0.62 to 0.18)
(. Figs. 2, 3, 4, and 5).

Discussion

As a result of the present study, the
pooled MD for pH was 0.02 pH units
(ABG minus VBG) (95% CI, 0.02–0.03),
for PCO2 –2.91mmHg (95% CI, –4.23
to –1.59), for PO2 13.13mmHg (95% CI,
9.13–17.12), andforHCO3

––0.22mmol/l
(95% CI, –0.62 to 0.18). According to
the error defined by standard labora-
tory performance criteria [14], whereby
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Fig. 49 Pooledmean dif-
ferences for partial pres-
sure of oxygen (PO2) (ar-
terial blood gasminus ve-
nous bloodgas)with 95%
confidence intervals (CI).
MDmeandifference

Fig. 59 Pooledmean dif-
ferences for bicarbonate
(HCO3

–) (arterial blood gas
minus venous bloodgas)
with 95% confidence inter-
vals (CI).MDmeandiffer-
ence

pH is ±0.04, PCO2 ±5mmHg, and PO2

±7mmHg, the data above suggested that
they might compare well between ABG
and VBG for pH, PCO2, but not for PO2.
In addition, HCO3

– is a derived value
of pH and PCO2 using the Henderson-
Hasselbalch equation. Thus, HCO3

– of
VBG might also compare well to that of
ABG.

Data from a prospective trial have
revealed that there was a significant cor-
relation between ABG and VBG values
for pH, PCO2, and HCO3

– (p< 0.001)

with the Pearson correlation coefficients,
respectively [6], which was further veri-
fied by other investigations [3, 8, 9, 12].
Although PO2 showed poor correlation
between VBG and ABG in the present
analysis [11], it has been reported that,
when using VBG values, the designed
artificial neural networks (ANN), a non-
linear mode, was able to predict all ABG
values (even PO2 and O2 saturation)
by regression equations such as arterial
PO2= 26.651+ 0.694× venous PO2; and
arterial O2 saturation= 64.724+ 0.297×

venous O2 saturation in AECOPD pa-
tients [11]. In the authors’ view, ANNs
have the added advantage that they can
learn to predict arbitrarily complex non-
linearrelationshipsbetweenindependent
and dependent variables by including
more processing elements in the hidden
layer or more hidden layers, which make
the ANN a more robust paradigm for
application in a real-world setting [16].
In this way, ABG values could be calcu-
lated using specific formula from VBG
by ANNs, thereby avoiding the puncture
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Patients at risk of AECOPD?

History of renal failure.
diabetes mellitus, or other

diseases leading to
unstable hemodynamic

Perform ABG

Perform ABG

Perform ABG

Perform VBG

pH <7.35 or pH >7.45 Normal pH

Perform VBG

VBG available with pH. PCO2 and HCO3
Observe and monitor SPO2

BP < 90/60 mmHg or HR < 60 beats/min or
arrhythmia or disturbance of consciousness

Normal BP, HR, CR
and consciousness

Blood pressure (BP), heart rate (HR),
cardiac rhythm (CR), consciousness

No history of renal failure.
diabetes mellitus, or other

diseases leading to
unstable hemodynamic

Fig. 68 Suggested algorithm for blood gas analysis during chronic obstructive pulmonary disease
(COPD) exacerbation.AECOPD acute exacerbation of chronic obstructive pulmonary disease,ABG ar-
terialbloodgas,VBGvenousbloodgas,pHpotentialofhydrogen,PCO2partialpressureofcarbondiox-
ide,HCO3 bicarbonate, SPO2 peripheral capillary oxygen saturation

biopsy complications associated with
ABG.

The ability to detect hypoxemia hy-
percapnia (arterial PCO2> 50mmHg)
in COPD patients is of crucial impor-
tance, since it provides the opportunity
for earlier intervention to treat respira-
tory failure [17]. Given the associated
relationship between pH and PCO2

and good agreement between VBG and
ABG, a trend of peripheral venous pH
and HCO3– could potentially be used
to follow the trend of respiratory aci-
dosis [18]. Clinically, an unanticipated
HCO3

– value with acidosis in patients
with COPDshould prompt the physician
to search for other underlying diseases
causing metabolic acidosis, such as lactic
acidosis fromseptic shockoruremia [19].
Hence, the authors suggest an algorithm
for the management of COPD exacer-
bations in clinical practice (. Fig. 6).
However, in terms of this meta-analysis,
the majority of suggestions in . Fig. 6
were based on data from the studies in-

cluded, which might be less specific and
intendedmerely as a guide for clinicians.

Previous studies, including system-
atic reviews and meta-analyses, that
compared peripheral VBG and ABG
analysis in emergency department pa-
tients showed that venous and arterial
pH agree reasonably well for all val-
ues, but the agreement is highest for
normal values. In addition, arteriove-
nous agreement for PCO2 and HCO3

–

is poor [5]; no sub-group analysis was
performed for cases involving patients
with, e.g., diabetic keto-acidosis (DKA),
tricyclic overdose, or uremia. Another
study showed that VBG compares well
with ABG analysis for pH estimations
in adults, but not for PCO2 or PO2 in
emergency department patients [4]. It
was revealed that venous PCO2 cannot be
used to predict arterial PCO2 by applying
a ‘correction factor.’ Another investiga-
tion reported that the VBG might be
useful in determining whether venous
blood has a low amount of CO2 and high

O2 to exclude hypercapnia and hypoxia
[20]. Likewise, the systematic review of
estimates of differences between VBG
and ABG was subject to a high degree
of heterogeneity, which might lead to a
further bias. Whatever the case, pH was
assumed to be comparable between VBG
and ABG whether or not in AECOPD
patients.

One of the most obvious limitations
of the present meta-analysis is that all
cases in the included literature entries
presentedwith stablehemodynamicsand
normalbloodpressure. Accordingtoear-
lier studies, there is poor agreement for
pH, PCO2, and HCO3

– in patients with
shock or unstable hemoperfusion [21],
which gave rise to uncertainties about
the correlation in COPD patients with
circulatory failure or shock. In addition,
the authors tried but failed to specify
the relevant coefficient of parameters, in-
cluding pH, PCO2, or HCO3

–, between
ABGandVBG,which represents another
limitation of this study.

Inconclusion,VBGanalysiscompares
well withABG for pH, PCO2, andHCO3–

estimations, but not for PO2 in patients
with AECOPD.
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Lesetipp

Update Schlaganfall

Aktuelle Artikel
zu Therapie und

Diagnostik des

Schlaganfalls er-
warten Sie in

Der Nervenarzt
10/2019. Verschaf-
fen Sie sich einen

Überblick z.B. über
aktuelle Standards in der Akuttherapie des

ischämischen Schlaganfalls und über die

Akut- und Langzeittherapie von Patienten
mit intrazerebraler Blutung. Oder infor-

mieren Sie sich über effizientes diagno-

stisches und therapeutisches Vorgehen
bei seltenen Schlaganfallursachen. In allen

vorgestellten Themenbereichen sind in
absehbarer Zeit weitere Studiendaten zu

erwarten, worüber in Der Nervenarzt auch
zukünftig berichtet wird.

4 Akutbehandlung des ischämischen

Schlaganfalls. Aktuelle Standards

4 Intrazerebrale Blutung: Hot Topics

4 Update antithrombotische

Sekundärprophylaxe des Ischämischen
Schlaganfalls

4 Invasive und Nicht-Invasive
Hirnstimulation zur Behandlung des

Schlaganfalls

4 Seltene Schlaganfallursachen – im

Alltag gar nicht so selten

Suchen Sie nochmehr zum Thema?
Mit e.Med – den maßgeschneiderten Fort-

bildungsabos von Springer Medizin – ha-
ben Sie Zugriff auf alle Inhalte von Sprin-

gerMedizin.de. Sie können schnell und

komfortabel in den für Sie relevanten Zeit-
schriften recherchieren und auf alle Inhalte

im Volltext zugreifen.

Weitere Infos zu e.Med finden Sie auf
springermedizin.de unter „Abos“
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