WHY IS MY PATIENT
HYPERCAPNIC?



CO, in circulation represents a balance

CO2 production & CO, elimination by
from cell metabolism alveolar ventilation (VA)
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Oxygen enters lungs and diffuses into circulation
CO2 diffuses out of circulation and is exhaled from lungs
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INCREASED PRODUCTION

* Fever

* Carbs

* High Metabolism

* I[nsulin therapy

* Seizures

* Sepsis

* Hyperthyroidism

* Increased respiratory quotient R(lipids)
* Bicarbonate infusion

* Malignant Hyperthermia



What if VCO?2
(production) is

constant but
VA(elimination)
drops in half?
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DECREASED ELIMINATION

* Low Total Ventilation and Low VA
* Central drive
 Neuromuscular dz
* Low compliance
* High resistance
* Low vent settings

Some of the
things that make

a patient
hypoventilate are
listed here!



HALDANE EFFECT
High percent
oxyhemoglobin >>
MCO2 dissociation

Haldane effect:
1 PO, ~=1CO,&H"
unloading




DECREASED ELIMINATION

/

\

Hypoventilation with
Low Effective VA

Hyperventilation with
Low Effective VA

Interferes with CO2 elimination despite vigorous respiratory efforts

Large Dead Space Fraction

Let’s look closer at the respiratory cycle!
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1 Human in London
Airway Dead Space
Estimate

2.2ml/kg IBW
~150ml|

vd/Vt 25-30%

ANATOMICAL DEAD SPACE

|||||||

1 Giraffe in London
Airway Dead Space
2.9 ml/kg (2.4L)

Vd/Vt 28%




MECHANICAL DEAD SPACE

Instrumental dead space in ventilator management, Francois
Lellouche, The Lancet: Respiratory Medicine, Vol 9 March 2021
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Alveolar dead space

Alveoli participate in gas exchange
When they lose their blood supply, gas exchange stops



DEAD SPACE FRACTION ANATOMY
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* Airway Dead Space
» 2cc/kg IBW
* 150cc

e \VTd 25-30%
e VTalv 70-75%

VA= VTalv x RR
* Total MVe -

* 70-75%




DEAD SPACE FRACTION

* Perfusion disappears
from half of the
alveoli

* Alveolar Dead space
appears in addition
to airway dead
space




DEAD SPACE FRACTION

* Airway Dead Space
e 2cc/kg IBW
* 150cc
* VTd 25-30%

* Perfusion disappears
from half of the alveoli

e Effective VA 35%




DEAD SPACE FRACTION

* VA 35% of MVe L RS o . o T, e L i

* We need VA 4.2L/min
* To keep PaCO2 40

* Total Minute Vent=
(effVTalvxRR)+
35% +
4.2L/min +
= 12L/min



H Ig h DEAD SPACE FRACTION  wveervenmismon wirs sveescasnea

Ventilation Perfusion CT

* Hyperventilation

* Low effective VA
* VQ mismatch
COPD

High Vent pressures
PEEP

* PE

Covid Microthrombi

fowr: &, Pos L

Lung Scintigraphy in COPD; Mortensen, Seminars in Nuclear Medicine 2019



H |g h DEAD SPACE FRACTION  wveervenmismon wirs sveescasnea

* Hyperventilation Open

e Low effective VA Capillaries Collapsed”
. VQ mismatch B/ Capillaries

- COPD '
* High Vent pressures
PEEP

* PE

Covid Microthrombi

lung volume lung volume




High DEAD SPACE FRACTION

HYPERVENTILATION WITH HYPERCAPNEA

* Hyperventilation

* Low effective VA
* VQ mismatch - R
* High Vent pressures
+ PEEP . G - e
* PE Bui STATIC i
 Covid Microthrombi PEr.F S A




H Ig h DEAD SPACE FRACTION  wveervenmismon wirs sveescasnea

Moth E F .
* Hyperventilation oth Faten rﬁ “ ‘

Appearance
* Low effective VA Perfusion

. i Images { 5

VQ mismatch g R Q ; &
* COPD
° ngh Vent pressures Fused Perfusion Single Photon Emission Computed Tomography(SPECT/CT) -* -
* PEEP
* PE

e Covid Microthrombi




HYPERCAPNIA ROADMAP/DECONSTRUCTOR

HYPOVENTILATION 4 CHOOSE MECHANISM N HYPERVENTILATION

CHOOSE MECHANISM

Low High or Normal
Ventilation Ventilation
with Low VA Decreased with Low VA

Elimination

ADVANCED MEASUREMENTS NEEDED TO CONFIRM MECHANISM
Volumetric Capnogram, VCO2, VA, Alveolar Dead Space, VTd/VTt, PeCO2

Studies that
identify cause of
high dead space

fraction

Studies that
identify cause of
hypoventilation

Increased
Production

Studies that

identify cause of
high CO2
production




HYPOVENTILATION -ow Ventilation

with Low VA

* What do you mean by that? e
° Clinical diagnosis: Hypoventilau'on! Hyperventilation

120 -

e daytime PaCO2 > 45

100 -

80 -

* Total MVe < 70-110ml/kg/min
e MVe < 5-8L/min
MVe = Tidal Volume x RR

60 -

20 -

* VA< 4.2L/min
VA = (Tidal Volume — Dead Space) x RR

Alveolar partial pressure "’gas’ in mm Hg

I 1 1 T I I ) T T
2 3 4 5 6 7 8 9 10
Alveolar ventilation (L/min)



Case 1

* Is this hypoventilation?

e |s PaCO2 > 457
* |s total MVe < 5-8L/min?
e ISVA<4.2L

PaCO2 is 55
MVe is 4.28

VA = (Tidal Volume — Dead Space) x RR
368ml - 150ml x 12 = 2.6L/min

VA is likely much less than 4.2L/min

ABG 7.31/55/114

p P

2 6D 46 Tae B W

Ve vor
4.28 )

L/min




HYPERCAPNIA ROADMAP

HYPOVENTILATION 4 CHOOSE MECHANISM N HYPERVENTILATION

Ventilated CHOOSE MECHANISM

patient:

Low MVe .
High or Normal
And therefore LOW 8

. Ventilation Ventilation
by definition

with Low VA Decreased with Low VA Increased
low VA

Advanced Elimination Production

measurements
not necessary
but could rule in
additional
causes!

ADVANCED MEASUREMENTS NEEDED TO CONFIRM MECHANISM
Volumetric Capnogram, VCO2, VA, Alveolar Dead Space, VTd/VTt, PeCO2

Studies that identify cause of hypoventilation Studies that T
Central drive, Neuromuscular dz

Loiy camalferes, (e rmsfamnes identify cause of identify cause of

Low vent settings high dead space high CO2
Measure Resistance, Autopeep and Compliance on the vent, NIF fraction production
PSV to assess central drive




Case 2 Breathing Patterns Can Vary

High dose Opiates for cancer pain

e 7.44/61/63 1000
° RR 8 800
* sometimes RR 4 after opiate bolus 600
* sometimes RR 20 between boluses 400
200

s this hypoventilation? o |

s PaCO2 > 457 Yes

m Dead Space

VT

s

DEEP

NORMAL SHALLOW

s VA< 4.2L/min?

f the patient is not intubated, not possible to judge hypo vs hyperventilation



Case 2 Breathing Patterns Can Vary

* |s this hypoventilation? . |
- 7.44/61/63 MVe isVT x4
- RRS < 5-8L/min Hypothetically: Vt 1000ml RR 4

sometimes RR 4 after opiate bolus .
sometimes RR 20 between boluses VA is L I 1000 mlx 4 = 4L/mm
+ |sPaCO2 > 45? yes 1S OV\{' VA = (Tidal Volume — Dead Space) x RR
< 4.2L/min 1000ml - 150ml x 4 = 3.4L/min

* |stotal MVe < 5-8L/min?
* |sVA<4.2L/min?

- Deep Breathing Patterns
1000
1000 m Dead Space
VT 800
800
600 600
400 400
200 .
. | | ,// 200
DEEP NORMAL SHALLOW 0

HAlvVT mDead Space VT



Case 2 Breathing Patterns Can Vary

* Is this hypoventilation?
7.44/61/63 MVe isVT x 6
RR 8 5-8L/min

* sometimes RR 4 after opiate bolus HypOthetica“y: Vt 1000mI RR 6

+ sometimes RR 20 between boluses VA is NL! 1000 ml x 6 = 6L/min
* IsPaCO2>45? yes : VA = (Tidal Volume — Dead Space) x RR
. > 4.2L/min p
* Is total MVe < 5-8L/min? 1000ml - 150ml x 6 = 5.1L/min

MVe is NL!

* |sVA<4.2L/min?

o

1000 m Dead Space

Deep Breathing Patterns
VT

1000
90
80
70
60
50
40
30
20
' ' ' 10
DEEP  NORMAL SHALLOW
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800

o

o
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400

o
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200
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g

o O

B AlvVT ® Dead Space VT



HYPERCAPNIA ROADMAP

HYPOVENTILATION 4 CHOOSE MECHANISM N HYPERVENTILATION

CHOOSE MECHANISM

Normal MVe

Low
Ventilation _
with Low VA Decre — Increased
Elimin T Production

VQ mismatch, COPD,
High Vent pressures, PEEP,
ADVANCED MEASUREN PE, Covid Microthrombi
V0|umetric Capnogram V( 3k 3k 3k 3k 3k 3k 3k sk 5k sk 5k 3k 5k 3k 5k sk 5k %k Sk 5k sk 5k sk 5k 3k 5k %k %k %k %k k

CT PE protocol
Studies that VQ scan Studies that

Assess Vent pressures/PV loops identify cause of
high CO2

production

identify cause of
hypoventilation




Case 2 Breathing Patterns Can Vary




Case 2 Breathing Patterns Can Vary

* Is this hypoventilation? MVe is NL!
7.44/61/63 : MVe is VT x 20
5-8L/min
RRE _ / Hypothetically: Vt 300ml RR 20
* sometimes RR 4 after opiate bolus .
« sometimes RR 20 between boluses  [AY/ARE Ko )\ 300 ml x 20 = 6L/min
* Is PaCO2 >45? <4.21/min VA = (Tidal Volume — Dead Space) x RR

Is total MVe < 5-8L/min?

Is VA < 4.2L/min? 300ml - 150ml x 20 = 3L/min
S <4. min-

VTd/VTt=50%

Shallow Breathing Patterns

1000

900

1000 m Dead Space 800
800 o /00
600

600 500

400

200

y

DEEP NORMAL SHALLOW

B AlvVT ™M Dead Space VT



HYPERCAPNIA ROADMAP

HYPOVENTILATION 4 CHOOSE MECHANISM N HYPERVENTILATION

CHOOSE MECHANISM

Normal MVe
Normal ] and Normal VA
Low MVe and High or Normal BRI

. . Low MVe Low VA . . Airway Dead
Ventilation and Low due to high Ventilation Space suggests
with Low VA VA Decreased Airway with Low VA either Alveolar Increased

Due to low

. . . Dead Space
RR, VT Elimination

fraction
50%

Dead Space or .
Increased CO2 Production

production I

ADVANCED MEASUREMENTS NEEDED TO CONFIRM MECHANISM
Volumetric Capnogram, VCO2, VA, Alveolar Dead Space, VTd/VTt, PeCO2

Studies that Studies that
identify cause of identify cause of
high dead space high CO2

fraction production

Studies that
identify cause of
hypoventilation



Case 3 Same Breathing Patterns But on Vent

e |s PaCO2 >45? MVe is NL!

7.34/54/317 * Is total MVe < 5-8L/min?

e |Is VA >4.2L/min
VA is Low!

<4.2L/min

19 1060 120 21 263 561

Compliance is
19ml/cmH20

Shallow Breathing Patterns

1000

900 VT 263 VTd 150 VTalv 113
800 MVe is 263 x 21 = 5.61L/min
700 VA is Vtalv x 21 = 2.4L/min
600 VTd/VTt =57%

500
400
300

200
100
0

B AlvVT ™M Dead Space VT




HYPERCAPNIA ROADMAP

HYPOVENTILATION 4 CHOOSE MECHANISM N HYPERVENTILATION

CHOOSE MECHANISM

Normal

MV d .
Low e an Hioch nr Narmal

Ventilation
with Low VA Decreased

Elimination

VQ mismatch, COPD,

ADVANCED MEASUREMENTS NEEDE|  HiBfl Vet pressures, PEEF,
Volumetric Capnogram, VCO2, VA, Alvec PE, Covid Microthrombi

%k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k >k 3k 3k >k >k >k >k >k >k >k >k k k

Studies that identify cause of hypoventilation
Central drive, Neuromuscular dz CTPE prOtOCO| that

Low compliance, High resistance VQ scan use of

Low vent settings Assess Vent pressures/PV loops 02
Measure Resistance, Autopeep and Compliance on the vent, NIF

PSV to assess central drive .tion




Case 4

* 55-year-old female former Smk, type 2 DM, HLD, HTN who was diagnosed with squamous cell
CanCII\r}I(ID_rI{I]aD of the right lung metastatlc to medlastlnal lymph nodes and underwent VATS RLL resection
an

» The postoperative course complicated by PNA/resp failure requiring intubation
» Extubated and d/c home

« 4 days later re-admitted for acute hypoxic and hypercarbic respiratory failure attributed to bacterial PNA
vs. ARDS and required intubation

* |nitially on Pressure Support ventilation with PS 15 PEEP 12 FIO2 80%
e VT rising 700>900>1000mI RR 20’s Minute Ventilation 14-18L/min
 ABG: 7.43/48/52

 Patient paralyzed for hypoxemia and high VT
« ACPC AP 25 RR 25 VT 300ml, Minute Ventilation 7.4 L/min
e ABG: 7.13/>90/79



Case 4 Ventadjustments were made: 7.39/51.5/127

Pww PEEP |E f,

R % T o & ki * |s this patient Hypoventilating or Hyperventilating?

e Tidal Volume is 373ml
e Alveolar VT 261mi
* Dead Space 112mli(51kg x 2.2ml/kg)

* RR40

e Minute Ventilation is 373 x40 =15L/min

e Alveolar Minute Ventilation VA
261ml x 40 = 10.4L/min




HYPERCAPNIA ROADMAP

HYPOVENTILATION 4 CHOOSE MECHANISM N HYPERVENTILATION

CHOOSE MECHANISM

High MVe and High

Low H|gh 0]8 \[e)gaaz| ] VA after subtracting
Airway Dead Space

Ventilation Ventilation suggests elther

_ ) Alveolar Dead Space
with Low VA Decreased with Low VA or Increased CO2 Increased

production

Elimination Advanced Production

Measurements!

ADVANCED MEASUREMENTS NEEDED TO CONFIRM MECHANISM
Volumetric Capnogram, VCO2, VA, Alveolar Dead Space, VTd/VTt, PeCO2

Studies that Studies that
identify cause of identify cause of
high dead space high CO2

fraction production

Studies that
identify cause of
hypoventilation




7.427/51.2/59.5 >>> 7.31/77/61

hyperventilation with low VA vs. increased production
? ;

* VCO2 138
* Vd/Vt 80%

* MVe on Vent Screen
* 15L hyperventilation

e VA is 20% of MVe

* 3L (low and will give
hypercapnia)




HYPERCAPNIA ROADMAP

HYPOVENTILATION 4 CHOOSE MECHANISM N HYPERVENTILATION

CHOOSE MECHANISM

Low
Ventilation
with Low VA Increased

Production

VQ mismatch, COPD,

High Vent pressures, PEEP,
ADVANCED MEASUR PE, Covid Microthrombi

Volumetric Capnogram, ' % ok 5k sk ok ok ok %k ok ok ok %k %k ok ok %k ok ok ok %k ok ok ok %k ok ok ok k ok ok k

CT PE protocol
Studies that VQ scan
identify cause of Assess Vent pressures/PV loops
hypoventilation

Studies that
identify cause of
high CO2
production




Case 4

* Investigation of underlying causes of:

e Shark-finn capnogram
* 80% dead space




Case 5

« 56-year-old male smoker with PMH significant for Asthma, diagnosed with a biliary tumor and
underwent an open laparotomy, cholecystectomy, partial left hepatectomy, and portal lymphadenectomy
for a malignant intraductal mass.

» The intraoperative and postoperative courses were uneventful.
 He was discharged home.

» 6 days later readmitted with a perihepatic fluid collection, underwent percutaneous placement of a 10-Fr
drainage catheter and evacuation of 20 mL of purulent fluid.
* His course was complicated by
- Afib with RVR

» Acute hypoxic respiratory failure due to pulmonary edema and ARDS initially on BIPAP but eventually required intubation.

» Blood cultures grew various gut species Streptococcus anginosus and Granulicatella adiacens..



Should we extubate this guy?
R | \OF
What is this huffing and puffing all about?

* Tidal Volume is 526ml, RR24 * Minute Ventilation is 12L/min
* Alveolar VT 376
* Dead Space VT 150

* Alveolar Minute Ventilation VA 9L/m



HYPERCAPNIA ROADMAP

HYPOVENTILATION 4 CHOOSE MECHANISM N HYPERVENTILATION

CHOOSE MECHANISM

Low High or Normal
Ventilation Ventilation
with Low VA Decreased with Low VA 9L VA either most of it is Increased

alveolar dead space or

E|ImlnatI0n increased production Productlon

ADVANCED MEASUREMENTS NEEDED TO CONFIRM MECHANISM
Volumetric Capnogram, VCO2, VA, Alveolar Dead Space, VTd/VTt, PeCO2

Studies that Studies that
identify cause of identify cause of
high dead space high CO2

fraction production

Studies that
identify cause of
hypoventilation




So what could be the explanation for all 7
the huffing and the puffing?

e M
v

mmHg

4 Y= G « Volumetric capnography showed
3 w | o160 1 3571 . VCO2/min = 316-360ml/min

s mL Vds/NTe % . . .
B 100.3 19 | * Likely cause of hyperventilation.

o
ool eI

* Vd/Vt =20%.

* mild shark fin morphology(Asthma)
* Abdomen distended on exam

» Tube feeds were stopped.




HYPERCAPNIA ROADMAP

HYPOVENTILATION 4 CHOOSE MECHANISM N HYPERVENTILATION

CHOOSE MECHANISM

Low High or Normal
Ventilation Ventilation
with Low VA Decreased with Low VA Increased
Elimination Production

Studies that identify cause of high CO2

ADVANCED MEASUREMENTS NEEDED production
Volumetric Capnogram, VCO2, VA, Alveol:

Fever, Carbs, High Metabolism
Insulin therapy, Seizures, Sepsis
_ Hyperthyroidism
Studies that Increased respiratory quotient R(lipids)
identify cause of Bicarbonate infusion,
hypoventilation Malignant Hyperthermia




ne next day the huffing
nd the puffing went away?

. 09:40:23 SPN-CPAP
M




HYPERCAPNIA DECONSTRUCTOR

HYPOVENTILATION 4 CHOOSE MECHANISM N HYPERVENTILATION

CHOOSE MECHANISM

Low High or Normal
Ventilation Ventilation
with Low VA Decreased with Low VA Increased

Elimination Production

ADVANCED MEASUREMENTS NEEDED TO CONFIRM MECHANISM
Volumetric Capnogram, VCO2, VA, Alveolar Dead Space, VTd/VTt, PeCO2

Studies that Studies that
identify cause of identify cause of
high dead space high CO2

fraction production

Studies that
identify cause of
hypoventilation







