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IntraoperativeIntraoperative blood gas analysisblood gas analysis
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IMPAIRED BLOODIMPAIRED BLOOD--GAS EXCHANGEGAS EXCHANGE
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Informe
actual

When do you 
perform BGA

Intraoperatively?

NEVER

RoutineRoutine::ThoracicThoracic,,
CardiacCardiac,,NeurosurgeryNeurosurgery

……

Emergency situationEmergency situation
Drop in SpO2

Ventilatory problems
Circulatory problems
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1.1. Arterial BGAArterial BGA
OxygenationOxygenation:: PaO2PaO2
AcidAcid--base status:base status: pHpH,, PaCOPaCO22, CO, CO33H (BE)H (BE)

Anion gapAnion gap

2. Central2. Central VenousVenous BGABGA
Oxygen saturationOxygen saturation:: SvOSvO22

PvCOPvCO22

BasicBasic physiopathological approachphysiopathological approach
forfor a simplea simple clinical interpretationclinical interpretation
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POPO22 = 100= 100
PCOPCO22 = 40= 40
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POPO22 = 40= 40
PCOPCO22 = 45= 45

LOWV/Q                          NORMAL                    HIGH V/QV/Q                          NORMAL                    HIGH V/Q
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Clinical conditions affectingClinical conditions affecting V/QV/Q

Conditions producing shunt effectConditions producing shunt effect::
Any situation reducing lung volumeAny situation reducing lung volume
AtelectasisAtelectasis, abdominal, abdominal compresioncompresion,, obesityobesity, pleural, pleural efussionefussion,,
pneumothoraxpneumothorax,, lobarlobar--lunglung colapse,colapse, pneumoniapneumonia……..

EffectEffect: : HHypoxemiaypoxemia MeasurementMeasurement:: PaOPaO22//FiOFiO22
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Awake Anesthesia, spontaneous breathing

Anesthesia, and paralysis Spontaneous breathing 48 hrs postop
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Clinical conditions affectingClinical conditions affecting V/QV/Q

Conditions producing shunt effectConditions producing shunt effect: : 
Any situation reducing lung volumeAny situation reducing lung volume
AtelectasisAtelectasis, abdominal, abdominal compresioncompresion,, obesityobesity, pleural, pleural efussionefussion,,
pneumothoraxpneumothorax,, lobarlobar--lunglung colapse,colapse, pneumoniapneumonia……..

EffectEffect: : HHypoxemiaypoxemia

Conditions producing dead spaceConditions producing dead space::
Any situation reducing lung perfusionAny situation reducing lung perfusion
Pulmonary embolismPulmonary embolism
HipoperfusionHipoperfusion:: LowLow COCO

EffectEffect: : HHypercapniaypercapnia

MeasurementMeasurement:: PaOPaO22//FiOFiO22

MeasurementMeasurement:: PaCOPaCO22
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Why measuring PaCOWhy measuring PaCO22 having EtCOhaving EtCO22
ClinicalClinical eestimationstimation of Physiological dead spaceof Physiological dead space
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Why measuring PaCOWhy measuring PaCO22 having EtCOhaving EtCO22
ClinicalClinical eestimationstimation of Physiological dead spaceof Physiological dead space
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LowLow COCO
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BasicBasic clinical approachclinical approach

1.1. Arterial BGAArterial BGA
OxygenationOxygenation:: PaO2PaO2
AcidAcid--base status:base status: pHpH,, PaCO2PaCO2, CO3H (BE), CO3H (BE)

2. Central2. Central VenousVenous BGABGA
Oxygen saturationOxygen saturation:: SvO2SvO2
PCO2PCO2
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Not to forget on pHNot to forget on pH
Normal (Normal (physiologicalphysiological)) rangerange: 7.35: 7.35--7.45 7.45 

Metabolic acid production: buffered by bicarbonate
Excreted by the kidneys

Excess acids = reduction in bicarbonate

Respiratory acid production (CO2): buffered by the blood
Eliminated by the ventilation

Excess CO2 (reduced VE) = increase in PaCO2
(not affecting bicarbonate)

Acid sources in tissuesAcid sources in tissues::
--MetabolismMetabolism

--RespirationRespiration (CO(CO22))

pHpH (f) CO(f) CO33H /H / PaCOPaCO22
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Intraoperative disordersIntraoperative disorders
1.1. AcidosisAcidosis pHpH < 7.35< 7.35

MetabolicMetabolic: CO: CO33HH reductionreduction < 22< 22 mEqmEq/L (BE<0)/L (BE<0)
-- Increase of metabolic acids Increase of metabolic acids 

LacticLactic,, ketoacidsketoacids, uremia, uremia
-- Bicarbonate loss or reduced productionBicarbonate loss or reduced production (renal(renal failurefailure))

RespiratoryRespiratory:: PaCOPaCO22 increaseincrease > 45> 45 mmHgmmHg
-- Increase ofIncrease of COCO22 productionproduction ((rebreathingrebreathing,, hyperthermiahyperthermia))
-- Reduced eliminationReduced elimination byby ventilation ventilation 

Dead SpaceDead Space ((hypoperfusionhypoperfusion) ) -- HipoventilationHipoventilation (SB)(SB)
BothBoth

2.2. Alkalosis pHAlkalosis pH > 7.45> 7.45
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1.1. AcidosisAcidosis pHpH < 7.35< 7.35
2.2. Alkalosis pHAlkalosis pH > 7.45> 7.45

MetabolicMetabolic: CO: CO33HH increaseincrease > 26> 26 mEqmEq/L (BE>0)/L (BE>0)
-- Loose of metabolic acidsLoose of metabolic acids: ? (: ? (kidneykidney ––not that fastnot that fast))
-- Increase bicarbonateIncrease bicarbonate ((external infusionexternal infusion))

RespiratoryRespiratory:: PaCOPaCO22 reductionreduction < 35< 35 mmHgmmHg
-- Decrease inDecrease in COCO22 productionproduction ((hypothermiahypothermia))
-- HyperventilationHyperventilation ((highhigh VEVE settingsetting: VT: VT--RF)RF)

BothBoth

Intraoperative disordersIntraoperative disorders
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ExamplesExamples
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Arterial BGAArterial BGA intraoperativeintraoperative

MetabolicMetabolic acidosis (acidosis (acuteacute))
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Mind the gapMind the gap??

Hidden anions:
-Lactate

-Ketoacids (hyperglicemia)

are not hidden 
anymore

Forget the Forget the 
gapgap
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BasicBasic clinical approachclinical approach

1.1. Arterial BGAArterial BGA
OxygenationOxygenation:: PaO2PaO2
AcidAcid--base status:base status: pHpH,, PaCO2PaCO2, CO3H (BE), CO3H (BE)

2. Central2. Central VenousVenous BGABGA
Oxygen saturationOxygen saturation:: SvO2SvO2
PCO2PCO2
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HypovolemicHypovolemic--hypodynamichypodynamic early phaseearly phase

Circulatory insufficiencyCirculatory insufficiency:: LowLow COCO
HipovolemiaHipovolemia

Miocardial depressionMiocardial depression
Vasoregulatory alterationVasoregulatory alteration

OO22

SupplySupply

OO22

DemandDemand

Flow maldistributionFlow maldistribution
Tissue hypoxiaTissue hypoxia

TisularTisular ischemiaischemia

MacrocirculationMacrocirculation
HypoperfusionHypoperfusion
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Reliability of SvO2 as an indicator of the oxygen extraction 
ratio  (O2ER) demonstrated by a large patient data set

Keech J, Reed RL.  J Trauma 2003 54:236-41

Circulatory Circulatory 
failurefailure

Low SvOLow SvO2 2 
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Normal SvO2: 70 -77%
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6060 patients patients intraintra--abdominal surgery >90 mabdominal surgery >90 m
Shoemaker's criteria Shoemaker's criteria 2, ASA> 22, ASA> 2
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Abdominal surgery:Abdominal surgery: 36 restrictive fluid36 restrictive fluid--GDT (6 ml/Kg)GDT (6 ml/Kg)
34 standard fluid34 standard fluid--GDT (12 ml/Kg)GDT (12 ml/Kg)

GDT preload optimization for SvO2>71%GDT preload optimization for SvO2>71%
CO/SV (CO/SV (dopplerdoppler): fluid boluses of 250): fluid boluses of 250 mLmL HESHES

MeasurementMeasurement:: PvCOPvCO22 ––PaCOPaCO22 == PvPv--aCOaCO22
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RationaleRationale

Applied toApplied to COCO22

PvPv--a COa CO22 = VCO= VCO22/CO/CO

Respiratory quotientRespiratory quotient =VCO=VCO22/VO/VO22

VCOVCO22 = RQ x VO= RQ x VO22

PvPv--a COa CO22 = VCO= VCO22/CO = RQ x VO/CO = RQ x VO22/CO/CO

7�! �)���!�)�
������38��#��� ��,,��!���� !���#&)����4	�����!��#�)#�
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When targetWhen target DO2DO2
is already reachedis already reached……

PvPv--aCOaCO22 maymay detectdetect
further  tissuefurther  tissue
flow defectsflow defects
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SummarySummary:: IntraoperativeIntraoperative BGABGA

Arterial BGA:Arterial BGA:
OxygenationOxygenation: P/F:: P/F: lung volumelung volume/colapse//colapse/recruitmentrecruitment
AcidAcid--base status:base status: pHpH, PCO, PCO22, BE, BE

VentilationVentilation:: HighHigh VT,VT, lowlow TTºº:: Respiratory alkalosisRespiratory alkalosis
CirculationCirculation:: LowLow CO +CO + HighHigh VD/VTVD/VT

RespiratoryRespiratory acidosis (+acidosis (+low EtCOlow EtCO22))
MetabolicMetabolic acidosis (+acidosis (+ lactate)lactate)

CentralCentral venousvenous BGA:BGA: SvOSvO22:: LowLow:: HypoperfusionHypoperfusion
PvCOPvCO22--PaCOPaCO22:: HighHigh::HypoperfusionHypoperfusion

RutineRutine:: High risk surgeryHigh risk surgery//EmergencyEmergency
Do not wait for problemsDo not wait for problems
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Muchas graciasMuchas gracias
por vuestrapor vuestra

atenciatencióónn


