Evaluation of variables to describe the shape of volumetric capnography curves

Background and aim - The diagnosis of bronchoconstriction in spontaneously breathing anaesthetised animals remains challenging.
The aim of the present study was to follow the shape of the volumetric capnography curve over a period of severe provoked bronchoconstriction and investigate the usefulness of SII, SIII and dead space parameters to diagnose bronchoconstriction

The expired CO2 volume per breath (VCO2/br) represents the area under the curve and is the integral of the expired CO2 plotted as the function of expired volume. Slope II and III, angle a and airway dead space (VDaw) were calculated by the software.
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Main Points
1. Volumetric capnography can be used to diagnose and quantitate bronchoconstriction in spontaneously breathing anaesthetised dogs

2. This study describes the changes in shape of the VC curve during profound provoked bronchoconstriction in dogs and confirms the finding that slope III of the capnogram in conjunction with airway dead space (VDaw)/ VT can be used on breath-by-breath basis to verify bronchoconstriction in spontaneously breathing subjects

3. The most striking change in the shape of the VC curve after carbachol challenge was the change in SIII indicating a mismatch between ventilation and perfusion. 
The values for the alveolar dead space ratio can be used to confirm the ventilation–perfusion mismatch due to changes in airway caliber. 

[image: ]Representative volumetric capnography curves of six dogs (A–F) before bronchoconstriction (grey solid line), at clinical reaction (black solid line), and 10 and 20 min


Questions
1. True or False. Changes in shape of the VC curve during profound provoked bronchoconstriction in dogs and confirms the finding that slope II of the capnogram in conjunction with VDaw/ VT can be used on breath-by-breath basis to verify bronchoconstriction


2. True or False. Volumetric capnography can be used to diagnose and quantitate bronchoconstriction in spontaneously breathing anaesthetised dogs


3. Name one reason for changes in airway resistance


4. The position of phase II is best described by the evaluation of:
a. Ventilation perfusion mismatch
b. Airway dead space


5. Fill in the blanksa. SII
b. SIII
c. Expired CO2 volume per breath
d. End tital CO2
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Questions with Answers
1. True or False. Changes in shape of the VC curve during profound provoked bronchoconstriction in dogs and confirms the finding that slope II of the capnogram in conjunction with VDaw/ VT can be used on breath-by-breath basis to verify bronchoconstriction
False. Slope III

2. True or False. Volumetric capnography can be used to diagnose and quantitate bronchoconstriction in spontaneously breathing anaesthetised dogs

3. Name one reason for changes in airway resistance
Answer: Increased secretion, kinks or mucous in the endotracheal tube or simple changes in flow or gas composition

4. The position of phase II is best described by the evaluation of:
a. Ventilation perfusion mismatch
b. Airway dead space

5. Fill in the blanks
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Volumetric capnography curves as lung function test to confirm bronchoconstriction after carbachol challenge in sedated dogs

Background - Volumetric capnography (VC) measures airway dead space based on Fowler’s method and calculates alveolar and physiologic dead space using the Bohr–Enghoff equation. During lung function tests bronchoconstriction can be diagnosed by a decrease in airway dead space and an increase in alveolar dead space leaving the physiologic dead space unchanged. Volumetric capnography requires a capnograph and pneumotachograph

Aim - The aim of this study was to investigate the value of volumetric capnography and derived indices in detecting airflow limitation following carbachol challenge in sedated dogs via a face mask.
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The volumetric capnography curve has three phases: phase 1 represents the exhalation of CO2-free gas from the conducting airways; phase 2 is defined as the S-shaped upswing of the curve where CO2-free gas from the conducting airways and CO2-rich alveolar gas mixes; phase 3 represents the alveolar plateau containing CO2-rich alveolar gas.
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Physiological dead space (VDS phys) is automatically calculated by the software. The calculation is based on mixed expired CO2 and arterial partial pressure of CO2 (PaCO2 ). Both variables are entered into the Bohr–Enghoff equation. 
Airway dead space (VDS aw) is computed according to Fowler’s method. 
Alveolar dead space (VDS alv) is obtained by subtracting VDS aw from VDS phys.
Physiologic dead space is the sum of airway and alveolar dead space.

Main Points
1. Volumetric capnography can be used to verify bronchoconstriction during carbachol challenge in dogs and may have the potential to be used as lung function test to evaluate airway responsiveness. With the use of a tightly fitting face mask, general anesthesia is not required. 
2. The non-invasive parameters dead space to VT (tidal volume) ratio (VDS aw/VT ) and interceptY2 (intercept of slope 2) are potential markers for bronchoconstriction as changes occurred before clinical signs were visible
3. The technique for airway challenge as described in the study offers several advantages: 
a. Airway challenge and acquisition of objective data under sedation (preventing the need for general anesthesia and still compiling reproducible data) with minimal cardiovascular compromises 
b. Opportunity for oxygen supplementation and prevention of hypoxemia (compared to whole body plethysmography, where no additional oxygen can be administered during airway challenge)
c. Direct contact between the clinician and the animal allowing for clinical monitoring of the animal (compared to whole body plethysmography, where the animal has to sit in a box) and thus the possible avoidance of any sedation
d. Possibility for additional monitoring, such as ECG and measurement of blood pressure (compared to whole body plethysmography, where no additional equipment is allowed in the box) and
e. A lack of cholinergic side effects beyond airflow limitation due to significant changes at the point of first clinical signs
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Questions and Answers
1. Fill in the blanks. During lung function tests bronchoconstriction can be diagnosed by a ___________________(increase/decrease) in airway dead space and an __________________(increase/decrease) in alveolar dead space leaving the physiologic dead space unchanged.

2. True or False. The non-invasive parameters dead space to VT ratio (VDS aw/VT ) and interceptY3 are potential markers for bronchoconstriction as changes occurred before clinical signs were visible.

3. Fill in the blanks. (i) Alveolar dead space (ii) Physiologic dead space  (iii) Alveolar dead space (iv) Physiologic dead space
a. _________________________________is automatically calculated by the software. The calculation is based on mixed expired CO2 and arterial partial pressure of CO2. Both variables are entered into the Bohr–Enghoff equation. 
b. __________________________________ is computed according to Fowler’s method. 
c. __________________________________ is obtained by subtracting VDS aw from VDS phys.
d. __________________________________ is the sum of airway and alveolar dead space.


4. Name one advantage that the carbachol challenge technique described in this study (using face mask and sedation instead of general anesthesia) offers. 







Questions and Answers
1. Fill in the blanks. During lung function tests bronchoconstriction can be diagnosed by a ___________________(increase/decrease) in airway dead space and an __________________(increase/decrease) in alveolar dead space leaving the physiologic dead space unchanged.

2. True or False. The non-invasive parameters dead space to VT ratio (VDS aw/VT ) and interceptY3 are potential markers for bronchoconstriction as changes occurred before clinical signs were visible.
False. The non-invasive parameters dead space to VT (tidal volume) ratio (VDS aw/VT ) and interceptY2 (intercept of slope 2) are potential markers for bronchoconstriction as changes occurred before clinical signs were visible

3. Fill in the blanks. (i) Alveolar dead space (ii) Physiologic dead space  (iii) Alveolar dead space (iv) Physiologic dead space
a. Physiological dead space (VDS phys) is automatically calculated by the software. The calculation is based on mixed expired CO2 and arterial partial pressure of CO2. Both variables are entered into the Bohr–Enghoff equation. 
b. Airway dead space (VDS aw) is computed according to Fowler’s method. 
c. Alveolar dead space (VDS alv) is obtained by subtracting VDS aw from VDS phys.
d. Physiologic dead space is the sum of airway and alveolar dead space.


4. Name one advantage that the carbachol challenge technique described in this study (using face mask and sedation instead of general anesthesia) offers.
a. Airway challenge and acquisition of objective data under sedation (preventing the need for general anesthesia and still compiling reproducible data) with minimal cardiovascular compromises 
b. Opportunity for oxygen supplementation and prevention of hypoxemia (compared to whole body plethysmography, where no additional oxygen can be administered during airway challenge)
c. Direct contact between the clinician and the animal allowing for clinical monitoring of the animal (compared to whole body plethysmography, where the animal has to sit in a box) and thus the possible avoidance of any sedation
d. Possibility for additional monitoring, such as ECG and measurement of blood pressure (compared to whole body plethysmography, where no additional equipment is allowed in the box) and
e. A lack of cholinergic side effects beyond airflow limitation due to significant changes at the point of first clinical signs
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Fig.2. Graphical llustration of the study set-up. The face mask was attached to the
muzzle of the dog. The pneumotachograph and mainstream capnograph were
connected to the rostral opening of the mask (CO/flow-sensor). The nebuliser was
integrated into the inspiratory limb of the non-rebreathing system. White amows
show the direction of the inspiratory flow towards the dog and the expiratory flow
towards the reservoir bag and distal end of the system.
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Fig. 1. (A) Volumetric capnography (VO) curve of a dog under resting state. (B) Changes in the VC curve after nebulisation of carbachol leading to airflow limitation. The

intercept of the intersected line with the x-axis represent the volume of the airway dead space (DS,).
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Fig. 1. Graphicalillustration of a volumetric capnography curve illustrating the measured indices: slope Il (ST, slope 11 (S, alpha angle (), expired CD, volume per breath
(Veoa/br), mean expired alveolar CO (PAEqo;), end-tidal (O, (PETeoz) and airway dead space (VD,u,).
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Table 1
Mean and standard deviaion fr general respiratory and dead space parameters, and values derived from volumetric caprography (V) nd the Flesch pneurnotacheraph (FPT) as
‘well as P values of the one way ANOVA before bronchoconstriction (Ty), at clinical reaction (Tcx), and 10 (Texio) and 20 (Tewao) minutes after clinical reaction.

Tu Ta Tao
Mean s Mean s s Mean »
I brjmin 178 70 232 75 55 128 0088
Vo Ymin 3022 08818 5248 1440 1547 3322 0063
v mi 195 27 ) 45 68 220 0731
Vo, mi 128 28 182 39 68 160 0319
Dead space parameters
VDyye ml 109 10 28 137 a 0298
VDpyelVe 0568 0046 o019 0610 0040 0080
Vo, ml 668 159 53 573 79 0008
VoLV 0346 0084 0023 0274 oon 0013
VD ml 432 17.1 29 2 409 0028
VDV 0333 00% o019 460" 0.081 0002
Ve derived parameters
vIco,br ml 175 533 162 053
su mmHg/ml 0299 0813 o121 0357
Sl mmHg/mi 0013 005" 0003 0050
sm mmHg/mi 0083 0065" 004 0004
Sain mmHg/mi 0146 0206" 0075 <0001
Angle « 42 1452 73 54
PAECO, mmHg 81 EXe 16 32 0002
FPT derived values
Cyn mifamH.0 137 50 2 85 20 ™ 0004
R cmb0/mis 258 021 2058 431 5787 138 258 <0001

fu respiratory rate, Vy,: minute volume, Vi tidal volume, Vt,,: alveolar tidal volume, VDiu.: physiologic dead space, VDyus/Vi: physiologic dead space ratio, Vos,: airway
dead space, Vo Vi: airway dead space ratio, Day: alveolar dead space, VD.v/VTan: alveolar dead space ratio, VCOs/br: expired CO; volume per breath, Sl slope phase 2,
Snil: normalized slope phase Il sing the mean expired alveolar CO,SIl slope phase 3,Sall: normalized slope phase I using the mean expired alveolar CO,, Angle 2 angle:
between phase Il and Il PAECO,: mean expired alveolar CD, Cpe? dynamic lung complance, Ry total pulmonary resistance.

* Significantly (p < 0.05) different from Ta..

* Significantly different from Tes.
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