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Acil Servis

-Dispne
KOAH, PTE, Pnomoni,...

-Mekanik ventilasyon
Noninvaziv, invaziv

-Siyanoz
-Senkop?- Konviilziyon?

-Suur degisiklikleri

-KBY, ABY
-DKA
-Sepsis

-intoksikasyonlar
Metil alkol, Salisilat....

-Travma

-Digerleri



Arteriyel Kan Gazi (AKG)

Altin Standart

pH, pCO2, p02, HCO3,
BE, doku hipoperfiizyonu/laktat



Arteriyel Kan Gazi (AKG)

pH
pO2
pCO2
SO2
HCO3
BE
Laktat

7.35-7.45

>80 mmHg

35 -45 mmHg

> % 96 (0da havasinda)
22 - 28 mol/L

(-2) - (+2)

0.4 - 1.5 mmol/L



Arteriyel Kan Gazlari

Dezavantajlari

-Agri

-Kanama, hematom
-Psddoanevrizma
-Fistul

-Enfeksiyon

-Sinir yaralanmasi



Arteriyel Kan Gazlari

- Parmak iskemisi

- Personelin yaralanma riski

- Bakimda gecikme

- Seri numune alimlarinda zorluklar



VENOZ KAN GAZI (VKG)
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Venous pH can safely replace arterial pH in the
initial evaluation of patients in the emergency

department

A-M Kelly, R McAlpine, E Kyle

Abstract

Objective—This study aims to determine
the extent of correlation of arterial and
venous pH with a view to identifying
whether venous samples can be used as an
alternative to arterial values in the clinical
management of selected patients in the
emergency department.

Methods—This prospective study of pa-
tients who were deemed by their treating
doctor to require an arterial blood gas
analysis to determine their ventilatory or
acid-base status, compared pH on an
arterial and a venous sample taken as
close to simultaneously as possible. Data
were analysed using Pearson correlation
and bias (Bland-Altman) methods.
Results—Two hundred and forty six pa-
tients were entered into the study; 196 with
acute respiratory disease and 50 with sus-
pected metabolic derangement. The
values of pH on arterial and venous

risk of transmission of blood borne viruses
such as hepatitis C and HIV.

Over the past several decades, a number of
small studies have shown that pH can be accu-
rately estimated from venous blood and “arte-
rialised” venous blood.'” It has been reported
that venous pH is almost identical to arterial
pH.'®7 This is supported by a recent small
study of patients with diabetic ketoacidosis that
showed that venous blood could be substituted
for arterial in the assessment of acidosis.*
Despite this evidence, arterial blood sampling
remains the common method of determining
acid-base status. There i1s no published evi-
dence regarding the accuracy of venous pH
measurement in the population of emergency
department (ED) patients requiring assess-
ment of their acid-base status.

This study aims to determine the extent of
correlation of arterial and venous pH with a
view to identifying whether venous samples
can be used as an alternative to arterial values
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Conclusion—Venous pH estimation shows
a high degree of correlation and agree-
ment with the arterial value, with accept-
ably narrow 95% limits of agreement.
Venous pH estimation is an acceptable
substitute for arterial measurement and
may reduce risks of complications both
for patients and health care workers.
(Emerg Med 7 2001;18:340-342)

Keywords: venous pH; blood gas analysis
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Peripheral venous and arterial blood gas analysis in adults: are
they comparable? A systematic review and meta-analysis

ANTHONY L BYRNE," MICHAEL BENNETT,?*® RoBINDRO CHATTERJI,? REBECCA SYMONS,?
NATHAN L PACE* AND PauL S THOMAS'™®

1Department of Respiratory Medicine and *Wales Anaesthesia, Prince of Wales Hospital, Randwick, and *Facuity of
Medicine, ®Inflammation and Infection Research Centre (lIRC), Faculty of Medicine, University of New South Wales, Sydney,
NSW, Australia, and *Department of Anesthesiology, School of Medicine, University of Utah, Salt Lake City, UT, USA

ABSTRACT

Peripheral venous blood gas (PVBG) analysis Is
increasingly being used as a substitute for arterial
blood sampling; however, comparability has not been
clearly established. To determine if the pH, PCO, and
PO; obtained from PVBG analysis Is comparable with
arterial blood gas (ABG) analysis. A search was con-
ducted of electronic databases as well as hand-
searching of journals and reference lists through
December 2012 to identify studies comparing PVBG
with ABG analysis in adult subjects. A systematic
review was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses statement. A meta-analysis using a
random effects model was used to calculate the
average difference (bias) and the limits of agreement
for the venous and arterial pH, PCO; and PO.. A total
of 18 studies comprising 1768 subjects were included
in the meta-analysis. There was considerable hetero-
geneity between studies with I* approaching 100%.
There was little difference between the pH obtained
from the PVBG and the ABG, with the arterial pH typi-
cally 0.03 higher than the venous pH (95% confidence
interval 0.029-0.038). The venous and arterial PCO.
were not comparable because the 95% prediction
interval of the bias for venous PCO. was unacceptably
wide, extending from -10.7 mm Hg to +2.4 mm Hg.
The PO; values compared poorly, the arterial PO typi-
cally 36.9 mm Hg greater than the venous with signifi-
cant variability (95% confidence interval from 27.2 to
46.6 mm Hg). PVBG analysis compares well with ABG
analysis for pH estimations in adults but not to the
PCO; or PO.. These differences are sufficiently large to
be of clinical significance.

Key words: arterial, carbon dioxide, meta-analysis, pH,
venous.

Abbreviations: ABG, arterial blood gas; ED, emergency
department; LOA, limit of agreement; PVBG, peripheral venous
blood gas; SD, standard deviation.

INTRODUCTION

The direct measurement of PO,, PCO. and pH by arte-
rial blood gas analysis (ABG) has long been the refer-
ence standard for blood oxygen, carbon dioxide and
acidity. In addition, derived values such as HCO,, base
excess, anion gap and the alveolar-arterial gradient
are obtained from the ABG. These variables provide
important and timely clinical information about a
patient’s metabolic and respiratory function that is
vital for patient diagnosis and treatment. While ABG
analysis is rapid and reliable, some argue that an arte-
rial puncture carries a risk of haemorrhage and other
vascular complications, is painful, and is no longer
necessary for diagnosing respiratory failure because
of the widespread use of pulse oximetry for measuring
oxygen saturations. For these and other reasons (such
as ease of collection), peripheral venous blood gas
(PVBG) analysis is increasingly being used as a
replacement to the ABG, especially in the emergency
department (ED).'*

There are conflicting views concerning the reliabil-
ity of the PVBG and whether it is sufficiently compa-
rable with the ABG to justify widespread clinical use.™
One would expect the PVBG to have a lower PO. and
pH but a greater PCO: than the ABG; however, it is not
clear whether this relationship is either constant or
predictable. It is also plausible that disease states
affecting venous and arterial flow would result in a
greater disparity between the measured variables in
the PVBG and ABG. Conditions that affect venous

doi: 10.1111/j.1742-6723.2010.01344.x
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REVIEW ARTICLE

Review article: Can venous blood gas analysis
replace arterial in emergency medical care

Anne-Maree Kelly'?
'Joseph Epstein Centre for Emergency Medicine Research at Western Health, and *The University of
Melbourne, Melbourne, Victoria, Australia

Abstract

Key words:

The objectives of the present review are to describe the agreement between variables on
arterial and venous blood gas analysis (in particular pH, pCOs, bicarbonate and hase
excess) and to identify unanswered questions. MEDLINE search of papers published from
1966 to January 2010 for studies comparing arterial and peripheral venous blood gas values
for any of pH, pCOy, bicarbonate and base excess in adult patients with any condition in an
emergency department setting. The outcome of interest was mean difference weighted for
study sample size with 95% limits of agreement. The weighted mean arterio-venous
difference in pH was 0,035 pH units (n = 1252), with narrow limits of agreement. The
weighted mean arterio—venous difference for pCO. was 5.7 mmHg (n = 760), but with 95%
limits of agreement up to the order of £20mmHg. For bicarbonate, the weighted mean
difference between arterial and venous values was —1.41 mmol/L (i = 905), with 95% limits
of agreement of the order of =5 mmol/L. Regarding base excess, the mean arterio—venous
difference is 0.089 mmol/L (n = 103). There is insufficient data to determine if these
relationships persist in shocked patients or those with mixed acid-base disorders. For
patients who are not in shock, venous pH, bicarbonate and base excess have sufficient
agreement to be clinically interchangeable for arterial values. Agreement between arterial
and venous pCO: is too poor and unpredictable to be clinically useful as a one-off test but
venous pCO: might be useful to screen for arterial hypercarbia or to monitor trends in pCO;
for selected patients.

arterial, blood gas, venous.
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emergency care?
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ABSTRACT

Blood gas analysis is an integral part of the assessment
of emergency department (ED) patients with acute
respiratory or metabolic disease. Traditionally ABG
analyses have been used, but increasingly, emergency
dinicians are using venous blood gas (VBG) analyses.
This has been challenged, especially by respiratory
physicians, as being too inaccurate. This dlinical review,
(sing case examples, summarises the evidence
supporting use of VBG to quide management decisions.
Arteriovenous agreement for pH is such that values are
dinically interchangeable and agreement for bicarbonate
Is also dose. Agreement for pC0; is poor with 95%
limits of agreement of the order of 20 mm Hg

(2.67 kPa): however, there i solid evidence that a
venous pC0; <45 mmHg (6 kPa) reliably excludes
dinically significant hypercarbia. Evidence regarding
arteriovenous ageement for base excess is undear,
Given knowledge of the performance characterigtics of
VBG analyses, integration of the clinical findings with
VBG results is often sufficient to safely quide teatment
deckion making.

importance. The first is the average (or mean) dif-
ference, which 1s the hias or fixed difference
berween the tests, Weighted mean difference com-
bines the results of a number of studies by weight-
ing the reported mean differences by sample size.
The other key concept s the 95% limits of agree-
ment. This 15 2 measure looking o idenafy outliers
and 1 calculated as the average difference 1,96
SDs of the difference. It tells us how far apart mea-
surements by the two methods were likely to be for
most individuals. If the width of the 95% limits of
agreement 5 not clnically important, the two
methods can be used interchangeably. For example,
the reported weighted mean difference for pH 15
-0.033 with 95% limits of agreement generally
0,1, S0 avenous pH of 7.1 would be estimated to
reflect an arterial pH of about 7.13 and have a 95%
probability of reflecting an arterial pH of 7.0-7.2

Clinical decision making

The decision to use a VBG or an ABG in a particu-
lar patient will hinge on several factors. These
might include the level of experience of the clini-
cian, the clanity of the clinical presentation, the
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Correlation of Venous Blood Gas and Pulse
Oximetry With Arterial Blood Gas in the
Undifferentiated Critically Ill Patient

Eli Zeserson, MD', Ben Goodgame, MD', ). Daniel Hess, MD',
Kristine Schultz, MD', Cynthia Hoon, RN', Keith Lamb, RRT?,
Vinay Maheshwari, MDI, Steven Johnson, MD‘, Mia Papas, PhD’,
James Reed, PhD', and Michael Breyer, MD®

Abstract

Rationale: Blood gas analysis is often used to assess acid-base, ventilation, and oxygenation status in critically ill patients.
Although arterial blood gas (ABG) analysis remains the gold standard, venous blood gas (VBG) analysis has been shown to
correlate with ABG analysis and has been proposed as a safer less invasive alternative to ABG analysis. Objective: The purpose
of this study was to evaluate the correlation of VBG analysis plus pulse oximetry (SpO,) with ABG analysis. Methods: We
performed a prospective cohort study of patients in the emergency department (ED) and intensive care unit (ICU) at a single
academic tertiary referral center. Patients were eligible for enrollment if the treating physician ordered an ABG. Statistical analysis
of VBG, $pO,, and ABG data was done using paired t test, Pearson %, and Pearson correlation. Main Results: There were 156
patients enrolled, and 129 patients completed the study. Of the patients completing the study, 53 (41.1%) were in the ED, 4|
(31.8%) were in the medical ICU, and 35 (27.1%) were in the surgical ICU. The mean difference for pH between VBG and ABG
was 0.03 (95% confidence interval: 0.03-0.04) with a Pearson correlation of 0.94. The mean difference for pCO, between VBG
and ABG was 4.8 mm Hg (95% confidence interval: 3.7-6.0 mm Hg) with a Pearson correlation of 0.93. The 5pO, correlated well
with PaO; (the partial pressure of oxygen in arterial blood) as predicted by the standard oxygen-hemoglobin dissociation curve.
Conclusion: In this population of undifferentiated critically ill patients, pH and pCO; on VBG analysis correlated with pH and
pCO; on ABG analysis. The SpO, correlated well with pO, on ABG analysis. The combination of VBG analysis plus SpO,
provided accurate information on acid-base, ventilation, and oxygenation status for undifferentiated critically ill patients in the ED
and ICU.

Keywords
blood gas analysis, critical care, oximetry



VKG

VERILER, SONUCLAR:
VKG’nin kullanimi artmaktadir (6zellikle acil servislerde).
VKG degerleri AKG degerlerinin yerine kullanilabilir.

Degerler arasinda yakin korelasyon/uyum mevcut.
ANCAK (!)



VKG

BAZI SINIRLILIKLAR VAR:
Tuim parametrelerde korelasyon ya da uyum mevcut degildir.
Bazi klinik durumlarda kullanilmasi uygun degil.

Net algoritmalar, kilavuzlar yoktur ancak bazi aliskanhklar,
uygulamalar ortaya ¢ikmistir.



p H Emergency Medicine

Journal
2001; 18: 340-2

2001 ... Kelly ve ark.

Acil servise basvuran hastalarin
(n=246) venoz ve arteriyel
kanlarindaki pH degerlerini
calistilar.

Ortalama fark= 0.04 birim

ORIGINAL ARTICLES

Venous pH can safely replace arterial pH in the
initial evaluation of patients in the emergency

department

A-M Kelly, R McAlpine, E Kyle

Abstract

Objective—This study aims to determine
the extent of correlation of arterial and
venous pH with a view to identifying
whether venous samples can be used as an
alternative to arterial values in the clinical
management of selected patients in the
emergency department.

Methods—This prospective study of pa-
tients who were deemed by their treating
doctor to require an arterial blood gas
analysis to determine their ventilatory or
acid-base status, compared pH on an
arterial and a venous sample taken as
close to simultaneously as possible. Data
were analysed using PPearson correlation
and bias (Bland-Altman) methods.
Results—Two hundred and forty six pa-
tients were entered into the study; 196 with
acute respiratory disease and 50 with sus-
pected metabolic derangement. The
values of pH on arterial and venous
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risk of transmission of blood borne viruses
such as hepatitis C and HIV.

Over the past several decades, a number of
small studies have shown that pH can be accu-
rately estimated from venous blood and “arte-
rialised” venous blood."” It has been reported
that venous pH is almost identical to arterial
pH.'®7 This is supported by a recent small
study of patients with diabetic ketoacidosis that
showed that venous blood could be substituted
for arterial in the assessment of acidosis.®
Despite this evidence, arterial blood sampling
remains the common method of determining
acid-base status. There is no published evi-
dence regarding the accuracy of venous pH
measurement in the population of emergency
department (ED) patients requiring assess-
ment of their acid-base status.

This study aims to determine the extent of
correlation of arterial and venous pH with a
view to identifying whether venous samples
can be used as an alternative to arterial values
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Conclusion—Venous pH estimation shows
a high degree of correlation and agree-
ment with the arterial value, with accept-
ably narrow 95% limits of agreement.
Venous pH estimation is an acceptable
substitute for arterial measurement and
may reduce risks of complications both
for patients and health care workers.
(Emerg Med ¥ 2001;18:340-342)

Uyum: % 95; (-0.11) - (+0.04) birim

Keywords: venous pH; blood gas analysis



pH

Sonrasinda yapilan ¢alismalar ......
pH farklilhigini 0.03-0.04 buldu.

Kelly McKeeve Middleton Mccanny Byrne Kelly
(2001) (2016) (2006) (2012) (2013) (2010)
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Diyabetik Ketoasidoz

Arterial Blood Gas Results Rarely Influence Emergency
Physician Management of Patients with Suspected

Diabetic Ketoacidosis

Q. John Ma, MD, Micheal D. Rush, MD, Michele M. Godfray, DO,

Abstract

Objectives: To test the hypothesis that arterial blood gas
(ABC) results tor patients with suspected diabetic ketoad-
dosis (DKA) do not influence emergency physicians’
management decisions and to assess correlation and pre-
dsion between wvenous pH and arterial pH. Methods:
Frospective, observational study of emergency physidans’
decision making for consecutive ED patients with suspected
DEA. Inclusion criteria were capillary blood gluoose equal
to or greater than 20 mg/dL, ketonuria, and clinical signs
and symptoms of DEA. Venous pH, chemistry panel, and
AB(s were drawn before treatment. Attending emergency
physicians indicated planned management and disposition
an a standardized form before and after reviewing ABG and
venous pH results. This study was powered to detect a 107
difference in management decisions (n = 195). Pearson’'s
carrelation and Bland-Altman bias plot were used to
compare venous pH and arterial pH. Results: ABC: analysis

Gary Gaddis, PhD, MD

changed the emergency physidans’ diagnosis in 2 /20X cases
(1i0%; 95% confidence interval [95% CI] = 0.3% to 36%),
altered reatment in 7/200 cases (3.5%,; 95% (1 = 1.7% to
7.1%), and changed dispositicn in 2 /200 cases (1.0%; 95% CI
= (3% to 36%). The pH value of the ABGs changed the
treatment or disposition in 5/200 patients (25%; 95% (I =
L1% to 5.7%). The Poy, and Poo, results of the ABGs altered
treatment and disposition in 2,/ 200 patients (1.07%:; 95% Cl =
0.3% to 3.6%). Venous pH correlated well with arterial pH (r
= (1.951}, and bias plotting yieded a bias value of —0.015 (=
0006 pH units). Conclusions: ABG results rarely influenced
emergency physicians’ decisions on diagnosis, treatment, or
disposiion in suspected DEA patients. Venous pH corre-
lated well and was predse enpugh with arterial pH to serve
as a substitute. Key words: diabetes; diabetic ketoacidosis;
arterial blood gas metabolic addosis. ACADEMIE. EMER-
GENCY MEDICINE 2003; 10:836-841.



pH
Diyabetik Ketoasidoz

AKG Analizi:

-Taninin degismesi (2/200 hasta) (1.0%; [95% CI] = 0.3% - 3.6%)
-Tedavinin degismesi (7/200 hasta) (3.5%; [95% CI] = 1.7% - 7.1%)
-Sonlanimin degismesi  (2/200 hasta) (1.0%; [95% CI] = 0.3% - 3.6%)

AKG’nin pH degeri:
-Tedavi veya sonlanimi
degistirme: 5/200 hasta (2.5%; [95% Cl] =1.1% to 5.7%).

Ma JO, 2003



pH
Diyabetik Ketoasidoz

-DKA’un yonetiminde asidozun takibinde VKG AKG’na tercih edilebilir

-lyi bir korelasyon vardir..

-Ortalama fark (pH): 0.015 birim [ 95%cI; 0.021 - 0.009 birim ]

Ma JO, 2003



pH

- Hastanin 02 durumu ile ilgili bir sorun yoksa, pH VKG ile takip
edilebilir.

- pH bazen ani kararlar da verdirebilir:

‘Hizli nefes alip verme’ ya da ‘Bulanti-halsizlik-bunalma’ veya ‘karin
agrisi’ olan bir hastada asidozun saptanmasi, ayirici tani analizini
degistirebilir.



pH

VKG pH Kullaniminda Sinirhliklar:

- Soktaki hastalar, hipotansif hastalar *
- Mikst asit-baz bozukluklari

* Sokun fizyopatolojisi: dokularda pCOZ2 ve asiditenin artmasi ve bu
drdinlerin ortamdan alinmasindaki azalmadan dolayi, VKG’da pCO2 ve
asidite diizeyi ylksek cikmaktadir.



pCO2

American Journal of Emergency Medicine (2012) 30, 896-900

The

-Normokapnik hastalar :
i AKG PCO2 35-45 mmHg ;

www.elsevier.com/locate/ajem

VKG PCO2 41-51 mmHg (fark: 6 mmHg)

Venous vs arterial blood gases in the assessment of
patients presenting with an exacerbation of chronic
obstructive pulmonary disease™

Peter McCanny MBChB?, Kath Bennett PhD®, Paul Staunton MBBCh?, = H i perka rbi k haStaIa r.

Geraldine McMahon MBBCh, BScAnat, PhD®*™*

S s ol Dbl 6 e ity sl Scho, ity G, D, el Ortalama fark: 8.6 mmHg (ven6z PCO2 T)
Yetersiz uyum: %95 LOA; (-7.84)-(25.05) mmHg

Received 23 March 2011; revised 12 June 2011; accepted 15 June 2011

Abstract

Objective: The purpose of this study was 0 mvestigate the clinical corelation between arterial and
venous blood gas (VBG) values in patients presenting to the emergency department (ED) with acute
exacerbation of chronic obstructive pulmonary disease.

Methods: A prospective study of patients with chronic obstructive pulmonary disease presenting to the
ED with acute ventilatory compromise was done. Patients were included if their attending physician
considered arterial blood gas sampling important in their itial assessment. Dat from arteral and
venous samples were compared using Spearman correlation and bias plot (Bland-Alman) methods. ° ° ° °

Results: Ninety-four patients were enrolled in the study. Eighty-nine patients had complete data sets for - H I pe r a r I n I n I § a n m a S I °

analysis. Arterial hypercarbia was present in 30 patients (33.7%; range, 51-140.19 mm Hg). All cases of

arterial hypercarbia were detected using VBG sampling when a screening cutoff of 45 mm Hg was

applied (sensitivity, 100%; 95% confidence interval, 88.7%-100% and specificity, 34%; 95% o o . ol e
confidence mterval, 23.1%-46.6%). Bias plot revealed moderate agreement between arterial and <

venous Pco, with an average difference of 8.6 mm Hg and 95% limits of agreement of —7.84 to 25.05 V KG P CO 2 45 I I l I I l H g I S e’ h I p e r ka r b I d I $ I a n a b I | I r
mm Hg. For pH, mean difference between each group was 0.039 (mange, —0.12 to 0.03). Linear

regression analysis for pH demonstrated very close equivalence with a regression coefficient of 0,955,

and Spearman correlation showed significant comrelation of 0.826 (P = .001).

Conclusion: Venous pH and HCO; valu excellent correlation with arterial values. Using a

previously validated screening cutoff of 45 mm Hg, venous CO, has 100% sensitivity in detecting

arterial hypercarbia. There is insufficient agreement between venous and artenal CO, for VBG w

replace arterial blood gas in determining the degree of hypercarbia. M C 2012
©) 2012 Elsevier Inc. All rights reserved. C anny




pCO2

Venoz PCO2 yukseldikce arteriyel PCO2 ile korelasyon bozulmaktadir.

Kabul edilemeyecek genis gliven araliklari ortaya ¢ikmaktadir.
(Byrne 2014) (Kelly 2016) (McKeever 2016) (Malatesha 2007)

CO2 retansiyonlu bir hastanin tedaviye yanitinin takibinde PCO2
kullanilamaz.



pCO2
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VENOUS pCO, AND pH CAN BE USED TO SCREEN FOR SIGNIFICANT
HYPERCARBIA IN EMERGENCY PATIENTS WITH ACUTE RESPIRATORY DISEASE

Anne-Maree Kelly, Mp mcinEd Bs Facem, Elizabeth Kyle, uees, and Ross McAlpine, mees

Department of Emergency Medicine, Wastem Hospital, Melboume, Australia and The University of Melboume
Reprint address: Professor A. M. Kelly, Department of Emergency Medicine, Westem Hospital, Private Bag, Footscray 3011, Australia

[0 Abstract—This prospective study of patients with
acute respiratory illness or potential ventilatory compro-
mise compared pCO, and pH on an arterial and a venous
blood sample with the aims of determining whether ve-
nous pH and pCO, can replace arterial values in the
management of patients with acute respiratory disease
and to determine whether there is a cur-off level of
venous pCO, that can accurately screen for significant
hypercarbia (pCO, > 50 mm Hg). Data were analyzed
using bias plot and receiver operator characteristic
(ROC) curve methods. There were 196 sample-pairs an-
alyzed: 56 (29%) had significant hypercarbia. For pH,
there was very good agreement with venous samples
being an average of 0.034 pH units lower than arterial
samples. With respect to pCO,. there was only fair agree-
ment, with the pCO, on average 5.8 mm Hg higher in
venous samples and 95% limits of agreement —8.8 to
+20.5 mm Hg. The ROC curve analysis showed that a
venous pCO, level of 45 mm Hg was a potential screening
v for the detection of hypercarbia of
100%, specificity 57%). This study shows that venous pH
is an acceptable substitute for arterial measurement but
there is not sufficient agreement for venous pCO, to be
able to replace arterial pCO, in the clinical evaluation of
ventilatory function. Venous pCO, may be able to be
used as a screening test for hypercarbia using a screening
cut-off of 45 mm Hg. © 2002 Elsevier Science Inc.

[0 Keywords—blood gas: hypercarbia; respiratory dis-
ease; pH: pCO,

INTRODUCTION

Blood gas analysis has an important role in the clinical
assessment of patients with acute respiratory disease, m
particular for the accurate determmation of pCO,. Cur-
rent practice dictates that arteral samples are drawn m
order to get accurate results. However, arterial puncture
is often painful and carries the risk of complications such
as local hematoma, infection. and occlusion or emboli-
zation with consequent ischemic injury to the digits. In
addition, as it requires an additional vascular puncture,
this procedure carries a small but appreciable risk of
needlestick injury to health care workers, with the con-
sequent risk of transmission of blood borne viruses such
as hepatitis C and HIV.

A number of small studies have shown that pCO, and
PH can be accurately estimated from venous blood and
“arterialized” venous blood (1-8). It also has been re-
ported that mixed venous pCO2 is about 6 mm Hg
greater than PaCO, (1). Most of these studies have been
carried out in subjects without respiratory disease and none
has specifically mnvestigated the population of patients pre-
senting to emergency departments (ED) with acute respira-
tory illness.

This study aims to determine the level of agreement
between venous and arterial pH and pCO, for ED pa-
tients with respiratory disease. It also aims to defermine
whether there 1s a cut-off level of venous pCO; or pH

Hamt mmon mmmsemmbates mmrano fan mimniBant e :

-Hiperkarbinin tahmin edilmesi:

VKG PCO2 > 45 mm Hg, hastada
hiperkarbi vardir.

(CO2 retansiyonunu tahmin etmede % 100
sensitivite, % 100 NPV)

-Hiperkarbili bir hastanin
tedavisinin takibinde kullaniimasi
PCO2 uygun degildir.

(Kelly 2002)



PCO,

Arteriyel PCO2’'nin gerektigi durumlara ornekler:

- Kafa travmali hasta

- Arest sonrasi donemdeki hasta

- KOAH alevlenmeli hastanin tedaviye (NIMV) yaniti



HCO3

Can peripheral venous blood gases replace arterial
blood gases in emergency department patients?

Louise C.F. Rang, MD;* Heather E. Murray, MD;* George A. Wells, PRD;!
Cameron K. MacGougan, BSc#*

ABSTRACT
To determine If peripheral venous blood gas values for pH, partial pressure of carbon
dioxide (Pcoy) and the resultant calculated bicarbonate (HCOL) predict arterial values accurately

enough to replace tham In & cinical setting, O I f k - 1 5 I L
mMathods: This prospective ebservational parformed sl
qency dapartumzrnt from June to D o j‘l'-ld!f’;#' r = =I.:Illartmﬂta:.; mryg:r:::;:lr’ rta a m a a r i [ ] m m 0

]

ware enrelled and underwent simultanecus venous Blood gas sampling. The following data were
prospectively recorded: age, sex, presenting complaint, vital signs, oxygen saturation, sample
times, number of attempts and Indication for testing. Cerrelation coefficlents and mean differ-
ences with 954 confidence Intervals (Cish were caloulated for pH, Poo, and HCO,. A survey of 45
academic amargency physidans was performed to detenming the minimal clintcally important dif- -
ference for each varable.

Results: The 218 subjects ranged In age from 15 to 90 (mean 60.4) years. The 2 blood samples
ware drasn within 10 minutes of each other for 205 (96%) of the 214 patients for whom data on
tming were avallable. Pearson’s product-momant cormelation coefficlents between artanal and
venous walues were as follows: pH, 0.913; Poo, 0.221: and HCO, 0952, The mean differences {and
9545 Cls) batween arterial and venous samples were as follows: pH, 0.026 (0.030-0.042) Poo,, 6.0
(5.0-7.00 mm Hge and HCD, 1.5 (1.3-1.7) mEgL. The mean differences (x 2 standard deviations)
waere graater than the minlmum clinleally Important differences dentified In the surey.
Conclusions: Arterial and venous blood gas samples were strongly correlated, and there wera only
small differences betwaeen them. A survey of emergency physiclans suggested that the differences

o o oot S e i e e B e [%95 Cl] = (1.3 - 1.7) mmol/L

RESUME

Olyectl : Déterminar 51 les valeurs des gaz du sang velneux panpharnque pour e pH, la pression
partielle du gaz carbonigue (Pro,) et la concentration de bicarbonates résultante calculée (HCOL)
permettent de prodire les valeurs artérielles avec suffisamment de précision pour les remplacer
dans un contexte i gqus.

méthodes @ Cette étude observationnelle prespective fut mendés dans un département durgence
universitaire de sains tertiaires de |uin & décembre 1934, Les patients nécessitant une analyse des
gaz du sang artériel furent incdus dans Pétude ot furent soumits 3 un échantillennage simultang
des gaz du sang velnewd Les donndes sulvantes furent notées de maniing prespective @ A5, sexe,

*Department of Emergency Medicne, Ceeen’s Liniversity, Kngston, Onit, and 'Department of Epidemiclogy and Community Medicine,
University of Ottawa, Ottawa, Ont.

Presenied in abstract form at the Canadian Association of Emergency Physicans Annual Mesting in Quebec Gity, Octobes 27-20, 19599, anc
at the Society for Academic Emergency Medicine Annual Mesting in San Francisco, May 21-2%, 2000,

Recewed: Aug. 15, 2007; final submission: Oct. 70, 2001; acoepted: Oct. 71, 2001
This articks fras been peer reviewed.
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Middleton Malatesha

(2006) (2007)

HCO3 (mmol/L) 1.2 0.52 0.57
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Relationship between
Arterial and Peripheral
Venous Lactate Levels

JOoHN G. YOUNGER, MD

Jax L. FaLk, MD

STEVEN G. ROTHROCK, MD

University of Michigan, Ann Arbor, MI
Section of Emergency Medicine (JGY")
Orlando Regional Medical Center, Or-
lando, FL

Department of Emergency Medicine
(JLF, SGR)

48 hasta, periferik kan:
VKG-AKG

Ortalama fark= 0.18 mmol/L
[ % 95 Cl; -0.372-(0.012) ]

Belirgin T venéz laktat seviyesi,
arteriyel hiperlaktikasideminin
tahmininde % 100 sensitif, % 86
spesifik.

Laktat diizeyleri arttik¢ca VKG ve AKG
degerlerinin arasi acilmaktadir.
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Emerg Med J 2006,23:622-624. doi: 10.1136/emj.2006.035915

Objective: This study aimed to determine the extent of agreement befween central venous and arterial
values for pH, bicarbonate, base excess, and lactate in a group of intensive care unit {ICU) patients.
Methods: A prospective study of a convenience sample 01 patients deemed by their freating doctor fo
require blood gas analysis as part of their clinical care in ICU. It compared pH, bicarbonate, base excess
and lactate on arterial and central venous samples taken within five minufes of each ofher. Data were
anclysed using bias (Bland-Altman) methods.

Results: A rofcﬂ of 168 matched sample pairs from 110 patients were entered into the study. All variables
showed close agreement, The mean difference between arferial and venous values of pH was 0.03 pH
units, for bicarbonate 0.52 mmol/l, for lactate 0.08 mmol/l, and for base excess 0.19 mmol/1. Al
showed acceptably narrow 95% limits of agreement.

Conclusion: Central venous pH, bicarbonate, base excess, and lactate values showed a high level of
agreement with the respective arferial values, with narrow 95% limits of agreement. These results suggest
that venous values may be an acceptable substitute for arterial measurement in this clinical seffing.

167 hasta; santral ven

VKG-AKG

Ortalama fark: 0.08 mmol/L
[% 95; -(0.27) - 0.42 ]



LAKTAT
Group 1 (n=21) : Turnikesiz.

Determination of the Effect of In Vitro Time, Numune buzlu ortama (-1 °C) aliniyor.
I'emperature, and Tourniquet Use on Whole
Blood Venous Point-of-care Lactate

Concentrations Group 2 (n=21) : Turnikesiz.
Alan E. Jones, MD, Matthew M. Leonard, MD, Jackeline Hernandez-Nino, MD, Jeffrey A. Kline, MD Numune od a ortamina (23 OC) allnlyor.

& bstract

Objectives: The authors sought W determine the effect of in vitro ime, temperature, and removable tour-
niguel use on changes in venous poinl-of-cire aoale concentrabions,

Methods: This was a prospective randomined trial on healthy volunieers. Ruhjm.is were randomized o G 3 — 2 1 ° T H k k I I I
one of three groups: group 1 had venous laciate concenirations measured on blood drawn withoul a tour- ro u p n - ° u r n I e u a n I |y0 ro
niguel and the sample pkwoed in ice | 1400, group 2 had lactale concenirations measured on blood drawn

wilhoul & tourniquel and the sample lefl at 23°C, and group 3 had lactale concenirations measurcd on Kan allmlndan 6nce -turnikeli- 5 dk

blood drawn with a ournigquel placed 5 minoles bsloire venipunciure and the sample placed in ioe

[—1°C). Lactale concentrations were megsured on a poinl-of-care device al time @, 3, 6, 9, 12, and 15 minuolcs b kI H

in all three groups. Mean lactale concentrations were analyeed using a two-way repealod-measures anal- e e n Iyo r.
yais of variance,

Resls gty s wers randomis,wih cmpee Gt vl 6 21 per grop)Ove e 5 Numune buzlu ortama (-1 °C) aliniyor.

mimale period, lactale concentrations increassd 100% 0014 4 012 mmolL) in groop 1, 25% 0.33 + 0,003
oL in group 2, and 6% (0008 1+ 0.22 mmol/L) in group 3. Mo significant differences in mean lactate con-
centrations were found Belween any group o Gme point by analysis ol variance (p = 00900, A 50'% relative
increase in lactate concentrations between time 0 and 15 minules occurred in zero of 21 subjects in groop 1,
Tour of 21 in group 2, and one of 21 in group 3 (p = 005 group 1 vs, group 2, Fisher's exacl lest),

Conclusions: Whole blood point-of-care lactate concentrations in healthy subjects do not chy igmifi 1 1
e Yatakbasi bir cihazla 0, 3, 6,9, 12 ve 15.

lactatle concentrations,

ACADEMIC EMERGENCY MEDICINE 2007; 14:587-591 & 2007 by the Sodety for Academic Emergency d a ki ka Ia rd a |a ktat d eée rI e ri ga | I$I |y0 r.

Medicine

Keywords: laclale, lactic acidosis, whaole blood measurement
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Figure 2. Changes in point of care lactate concentrations
in each of the three groups at the six study time points.
In group 1. no tournigquet vwas used and the sample vwas on
ice (—1°C): in group 2, no tourniquet was used and the sam-
ple vwas at room temperature (23°C); in group 3, a removable
tourniguet was in place for 5 minutes before venipuncture
and the sample was on ice. Differences between means and
changes in lactate concentrations both between groups and
over time vwere analyzed vwith a two-way repeated-measures
analysis of variance test with intent to use the time factor
p-value to detect within-group changes over time and the
group factor p-value to assess for between-group differ-
ences. "p-value reported for within-group differences over
time and between-group differences. This does not represent
the time-group interaction p-value.

15 dk’lik siire boyunca laktat konsantrasyonlari OF
Grup 1: % 10 (0.14 +/- 0.12 mmol/L),

Grup 2: % 25 (0.33 +/- 0.003 mmol/L)

Grup 3: % 6 (0.08 +/- 0.22 mmol/L)

Herhangi bir grupta ya da zaman noktasinda ortalama
konsantrasyonlarda anlamli fark bulunamadi.
(varyans analizi, p>0.90).

0 ve 15. dk arasinda konsantrasyonlarda rolatif T
tespit edildi:

Grup 1: 0 hasta
Grup 2: 4 hasta
Grup 3: 1 hasta



Baz Fazlaligi (BE)

Tanim: Tam oksijenlenmis kanin, standart sartlar altinda (37 cde ve 40
mmHg pCO2’de) pH’sinin normal degere (pH 7.40) gelmesi icin gereken
asit veya baz miktaridir.

Metabolik durumu yansitir.

BE < 3 : metabolik asidoz

BE >+3 : metabolik alkaloz

BE normal degerleri : (-3) — (+3)



BE

POSTER SESSION

Correlation of Central Venous
and Arterial Blood Gas Measurements
in Mechanically Ventilated Trauma Patients

Darren J. Malinoski, MD; Samuel R. Todd, MD; D. Sue Slone, MD; Richard J. Mullins, MD; Martin A. Schreiber, MD

Hypothesis: Central venous blood gas (VBG) measure-
ments of pH, Pco,, and base excess can be substituted
for the same values obtained from an arterial blood gas
(ABG) analysis in mechanically ventilated trauma pa-
tients, obviating the need for arterial puncture.

Design and Setting: Prospective comparison of 99 sets
of VBGs and ABGs at a level 1 academic trauma center.

Patients: A consecutive sample of 25 trauma patients
admitted to the intensive care unit who required me-
chanical ventilation and had both central venous and ar-
terial catheters.

Main Outcome Measwres: Pearson correlations and
Bland-Altman limits of agreement (LOAs) for pH, Pco,,
and base excess values from each set of VBGs and ABGs.

- Maa. 1AL AT A AT 1 A

pH had R=0.92, P<.001, and 95% LOAs of ~0.00 t0 0.03;
Pco,, R=0.88, P<.001, and 95% LOAs of -2.2 to 10.9;
and base excess, R=0.96, P=<<.001, and 95% LOAs of -2.2
to 1.8. A receiver operating characteristic curve showed
that a central venous Pco; of 50 mm Hg had 100% sen-
sitivity and 84% specificity for determining significant
hypercarbia (arterial Pco,> 50 mm Hg).

Conclusions: Central venous and arterial Pco,, pH, and
base excess values correlate well, but their LOAs repre-
sent clinically significant ranges that could affect man-
agement. Although VBGs cannot be substituted for ABGs
in mechanically ventilated trauma patients during the ini-
tial phases of resuscitation, clinically reliable conclu-
sions can be reached with VBG analysis.

el © AANS L ANT 19D 1195

[

VBG-ABG BE
0

95% LOA, —-2.21to0 1.8

—0.18+1.03

—20 10

VBG and ABG BE Mean

25 hasta, 99 numune seti
VKG-AKG

Ortalama fark: -0.18 £ 1.03
Uyum : % 95; -2.2t0 1.8
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A reement between arterial and ceniral venous values for 165 hasta, santral ven
pH bicarbonate, base excess, and lactae VKG-AKG

P Middleton, A- Kelly, J Brown, M Robertson Ortalama fark: 0.19 mmol/L

oy o 050664 i 0wt [94 955 -(1,.86) — 2.24 |

: Objective: This shudy cimed I deleeming e extenl of agreement bebween cenral venous and arferidl
Ewmdﬂwhdu:ur ﬁmhﬂi,ﬁmﬁmﬁ,hum&,uﬂluchhnu nflrllmummﬂﬂ.llp:hlh.
Mﬂp@mﬂﬁdumﬁmﬁ%hﬂhhhﬁqﬂh

recire blocd gas analysis as port of their dinical eare in ICU. It compared pH, bieorbonale, base axcass

bl kb b, cod ol o kil on el vecus sl ke wiin e s of e aber D e

Doportw o Emingency m& bias {Blond- Afmar mehods.

""‘ﬂ'vﬁl_‘”f*f' ;mmﬂudul scmplepais from 110 s were ankerd ke sy, Allveribies
g thowd mmdﬂmmmmwmdwmmw

hoen Maree Enlyiah ui:-,h Mi’rnﬂﬂ for lociote 0,08 mmal/1, and ko bose excess 0,19 mmol/]. All

oo sheweel aceaplobly narrow 957 el of agpeament,

Dol o poblcion. COMCson: Contol vencus pH, bicorbonate, base ecess, and oot veuns showed a high v of
21 Agrl X004 oogresmerd wikh the: respecive arferiol volues, wilh narrow 95% himits of ogresment, These resulls suggest
e, thatvnous values may be an aceploble subsfine for arterial measurement in s dinical sefing,



PO,

VKG ve AKG PO, degerleri arasinda korelasyon yoktur.
(Malatesha 2007, Byrne 2014)

Arteriyel PO, > Venoz PO,

Ortalama fark: 36.9 mmHg
[27.2-46.6 mmHG ; % 95 Cl ]

Venoz kanda oksijen degerlendirmesi yapilamaz.
(Byrne ve ark. 2014)



PO,

Review of a Large Clinical Series

Jourral of Intensive Care Medicine
2018, Yol 33(3) 176-181

Correlation of Venous Blood Gas and Pulse ® T Ak

Oximetry With Arterial Blood Gas in the Ot 10117

journals gepub com/hamejc

Undifferentiated Critically Il Patient SSAGE

Eli Zeserson, MD', Ben Goodgame, MD', ). Daniel Hess, MD',
Kristine Schultz, MD', Cynthia Hoon, RN, Keith Lamb, RRT?,
Vinay Maheshwari, MD?, Steven Johnson, MD*, Mia Papas, PhD®,
James Reed, PhD', and Michael Breyer, MD*

Abstract

Rationale: Blood gas analysis is often used to assess acid-base, ventilation, and oxygenation status in critically ill patients.
Although arterial blood gas (ABG) analysis remains the gold standard, venous blood gas (VBG) analysis has been shown to
correlate with ABG analysis and has been proposed as a safer less invasive alternative to ABG analysis. Objective: The purpose
of this study was to evaluate the correlation of VBG analysis plus pulse oximetry (SpO;) with ABG analysis. Methods: We
performed a prospective cohort study of patients in the emergency department (ED) and intensive care unit (ICU) at a single
academic tertiary referral center. Patients were eligible for enrollment if the treating physician ordered an ABG. Statistical analysis
of VBG, SpO,, and ABG data was done using paired t test, Pearson 1’. and Pearson correlation. Main Results: There were 156
patients enrolled, and 129 patients completed the study. Of the patients completing the study, 53 (41.1%) were in the ED, 4|
(31.8%) were in the medical ICU, and 35 (27.1%) were in the surgical ICU. The mean difference for pH between VBG and ABG
was 0.03 (95% confidence interval: 0.03-0.04) with a Pearson correlation of 0.94. The mean difference for pCO, between VBG
and ABG was 4.8 mm Hg (95% confidence interval: 3.7-6.0 mm Hg) with a Pearson correlation of 0.93. The SpO; correlated well
with PaO, (the partial pressure of oxygen in arterial blood) as predicted by the standard oxygen—hemoglobin dissociation curve.
Conclusion: In this population of undifferentiated critically ill patients, pH and pCO, on VBG analysis correlated with pH and
pCO; on ABG analysis. The SpO; correlated well with pO, on ABG analysis. The combination of VBG analysis plus SpO,
provided accurate information on acid-base, ventilation, and oxygenation status for undifferentiated critically ill patients in the ED
and ICU.

Puls oksimetre yararl olabilir.

156 hasta (Acil Servis ve Yogun Bakim)

(AKG) ve (VKG+SpO2) gruplari arasinda
yakin korelasyon..

(VKG + SpO2) AS ve YB hastalarinda
asit-baz, ventilasyon ve oksijenizasyon
durumlarinin tespitinde yararl.



p0O2
Puls oksimetrenin (Sp0O2) yararsiz oldugu durumlar:

Periferik perfliizyon bozuklugu
Siddetli asidoz

Siddetli hipoksemi

ARDS



VBG’NIN KISITLILIKLARI

SOK/HIPOTANSIYON, KALP YETMEZLIGI
MIKST ASIT-BAZ BOZUKLUKLARI

HIPERKAPNI / pCO2 takibi (tedaviye yanit)



AKG NE ZAMAN GEREKLIDIR ?

Sok, hipotansiyon, kalp yetmezligi
Mikst asit-baz bozukluklari

Hiperkapnide PaCO2’yi net olarak tespit ve takip etmede
(KOAH’ta tedaviye yanitin takibi)

Kafa travmasi, arrest sonrasi takipler

Hipoksemik hastalarda/mutlak olarak PO2 takibi gereken hastalarda



pH

SANTRAL VENOZ PH

pH =0.03-0.05 birim duasuktuir.
PCO2 = 4-5 mmHg yuksektir.

HCO3: Cok az bir yukseklik vardir
va da bir degisiklik yoktur.

https://www.uptodate.com/contents/venous-blood-gases-and-other-alternatives-to-
arterial-blood-gases?/(08.04.2019)

PERIFERIK VENOZ PH

pH =0.03-0.04 birim dustktuir.
pCO2= 3-8 mmHg yuksektir.
HCO3= 1-2 mEq/L ylksektir.



AKG - VKG
REFERANS ARALIKLARI

https://acutecaretesting.org/en/articles/central-venous-blood-gas-analysis (08.04.2019)

7.35 - 7.45 7.31-7.41 ~0.04
pCO, (kPA) 4.7 -6.0 5.5-6.8 ~ 0.6
pCO, (mmHg) 35-45 41 - 51 ~6
HCO, (mmol/L) 22 - 28 23 - 29 ~1
pO, (kPA) 10.6 - 13. 4.0-5.3 ~ 8.0
pO, (mmHg) 80-100 30-40 ~ 55

SO, (%) > 95 75 > 20


https://acutecaretesting.org/en/articles/central-venous-blood-gas-analysis

Nasil yorumlanacagi ve sinirhiliklar bilinirse, VKG’lari yararhdir.

VKG’daki degerlerin AKG’daki karsiliklari tahmin edilir.
Bu tahmini AKG degerlerine gore degerlendirme yapilir.

Orn:
Vendz pH arteriyel pH’ya gore 0.04 birim daha dusuktdr.
Venodz pH: 7.27 = Arteriyel pH: 7.31



VKG Nasil Okunabilir ?

1. Klinik soru(n) nedir ?

Duruma 0Ozel soru :

. Akut solunum zorlugu / Hiperkarbi — var-yok ?

. Hiperglisemi — Asidoz ?

. Metabolik asidoz — var-yok ?

. Bilin¢ degisikligi

. Tedaviye yanit/takip (hangi parametreye gore) ?



2. pCO2 i¢in ne dusiuiniiyoruz ?

‘Cok hassas olmasina gerek yoksa’ — “ilk, kabaca’ degerlendirmede
VKG tercih edilebilir.

Daha hassas analiz gerekiyorsa — Arteriyel pCO2.



3. Oksijenizasyon gerekiyor mu ?

Pulsoksimetre her olguda glvenilir degildir.
Skleroderma, sok, periferik arter hastaligi......AKG.
Net oksijen......ABG.

4. Hasta sokta mi ? Hipotansiyon, kalp yetmezligi ?



OZET

-AKG...Altin standart. Agrili bir islem. Nadir de olsa komplikasyonlar
olabilir. Stk numune alinmasi sorun olusturabilir.

-VKG... Rutin bir kan numunesiyle calisilabilir, damar yolu acilirken
alinan kandan yararlanilabilir. Sinirliliklari unutulmamalidir.

-Hem AKG hem VKG’de pH, HCO3 degerleri acisindan kayda deger fark
yoktur.

-VKG hastaya/klinik goriinime spesifik olan sorulara gore
calisiimahidir.



