The first protocol?




Oxygen Delivery -
Understanding the Physiology

Optimising Haemodynamics with




Clinical Case

/7 yr old lady

C. Difficile toxic mega colon

Peripherally very oedematous
Received 6 L fluid
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Oxygen delivery ~

Cardiac output x Hb x % Sat O2
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Effective blood volume
Capacitance
Obstruction
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% Sat O2
l

Inspired O2

Altitude
Hyperbaric O2

Hypoventilation

Decreased respiratory drive
drug induced
CVA
Fatigue (asthma)
Obstruction
Sleep apnoea syndrome
Decreased consciousness
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Summary of this lecture

% Importance of cardiac output

< Physiology of cardiac output and venous return




Summary of this lecture

< Importance of cardiac output
< Physiology of cardiac preload and venous return

< Consequences of "guessing" wrong
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Why is cardiac output so
important ?

Cardiac output x Hb x % Sat O2

Cardiac output the only parameter that:

OxyHemoglobin Dissociation Curve
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Consider:

“We can easily measure Hb and O2 Sat.

< The most important factors,
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Achieving effective cardiac output

Only then use cardiac stimulants if needed
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Clinical Case

/7 yr old lady

C. Difficile toxic mega colon

Peripherally very oedematous
Received 6 L fluid
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So do you give more
fluid or not!?




How about measuring the
central venous pressure !




How about the
central venous pressure !

Would not have been given fluid
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In fact....the only “hard” evidence
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Don’t you just love guidelines!?

Surviving Sepsis Campaign: International
Guidelines for Management of Severe Sepsis
and Septic Shock: 201

MANAGEMENT OF SEVERE SEPSIS

Initial Resuscitation and Infection Issues (Table 5)
A. Initial Resuscitation ) Urine Outpm 205 mL: ‘kg-hr :
d) Superior vena cava oxygenation saturation (Scvo,) or

mixed venous oxygen saturation (Svo,) 70% or 65%,
respectively.

GIFTASUP

Alternatively, the clinical response may be monitored by measurement/est/mat/on

receiving the infusion. This procure should be repeated until there is no further
increase in stroke volume and improvement in the clinical parameters.

ADVANCING SURGICAL STANDARDS




Summary of this lecture

“ Importance of cardiac output

< Physiology of cardiac preload and venous return
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Understanding




What does a bag of lettuce have to do with
Starling’s Law!?
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lllustration of transmural pressure




lllustration of transmural pressure

The NEW ENGLAND
JOURNAL of MEDICINE

CORRESPONDENCE

Boyle's Law and Breast Implants

N Engl J Med 1994; 331:483-484 | August 18, 1994 | DOI: 10.1056/NEJM199408183310720




Starlings Law of the Heart

‘the greater the stretch of the
ventricle in diastole, the greater the
stroke work achieved in systole”

T

» 5 . . i | @
e .,lr'/.J‘_‘_,1 | | 3




Starling’s experiment

Cardiac output ||  Starling resistor (TPR)

NB. this heart is
outside the chest

Screwclamp

o

Glass bell

Bell cardiometer

Journal of Physiology; 1914, 48, 465-51 |



Stroke
volume




Intra-thoracic presure

150 cm H20

Nature 1969;221 :1199-1204



Squeezing the heart

Fluid
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CVP
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Negative pressure pulmonary oedema

.  Endothelium
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Physiol Rev «VOL 85 « JULY 2005 * www.prv.org



Clinical Case

Fractured femoral shaft
Distended abdomen
Partially resuscitated with fluids
In great pain, so you give morphine
Blood pressure crashes
Why!




Mean circulatory
pressure

Mean circulatory pressure ("MCP”) = pressure
throughout vascular circuit if no flow
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arterial pressure




Venous return
Venous return =MCP - CVP

upstream pressure
“M C P”
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Stressed venous blood volume =

the volume of blood in excess of the total volume
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Opioids
GTN
Sedatives

BEWARE!

Vasopressors are 5 X more potent on the
venous (capacity) side then on the arterial
(resistance) side



Venous return (“Guyton”) curve

|5
Venous return = MCP - CVP
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Venous return curve
|5

higher
upstream pressure
“MCP” \A
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downstream pressure
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Starling meets Guyton

« The cardiac output and venous return axes are same

+ Venous return = Cardiac output
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CVP serves 2 functions

“Opposes’ venous return “Drives” the ventricle

(Intraluminal “Guyton") (Transmural “‘Starling”)




Starling meets Guyton
|5

cardiac function curve
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Increase in cardiac output by venoconstriction or
increased blood volume

Flow L
a

Cardiac T
Output --------




No change in cardiac output by venoconstriction
or increased blood volume
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Decrease in cardiac output by venodilation or
decreased blood volume

higher l
upstream pressure

lower

downstream pressure
“CVP”




Clinical Case

Patient has suspected small bowel obstruction
Taken to the operating room for laparotomy
An “rapid sequence induction” performed
Drugs used are Propofol and Rocuronium
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High airway pressure => high CVP
. -> decreased VR

Venous return = MCP - CVP
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Clinical Case
The flip side

During weaning from ventilation

“....intrathoracic pressure changes abruptly....

....venous return significantly increases, an acute increase in
preload is imposed on the left ventricle.
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Recap

Double role of CVP

Inside chest

Determines cardiac “stretch” (intra-thoracic pressure-CVP)
“Starling” curve




Recap

Think O2 Delivery

+ Cardiac output - most important factor

Cardiac output x Hb x O2 saturation

* Cardiac filling - most commonly treated
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http://web.me.com/johnvogel2

Fluid resuscitation -

Effects of getting it wrong




Summary of this lecture

< Importance of cardiac output
< Physiology of cardiac preload and venous return

* Consequences of getting it wrong
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Cardiac output - what are we trying to achieve!

“ Adequate “effective” cardiac output

“ Adequate blood pressure
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“Adequate” cardiac output?

< Clinical signs

Normal BP Normal sensorium

Warm toes Urine output

Small core-peripheral temperature

< 3seccapillary refil o jjent
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Clinical Case

59 yr old male
Previous healthy and active
Undergoing routine surgery
Suddenly develops massive myocardial infarction
Taken to ITU with cardiogenic shock
low BP, low cardiac output, low O2 sats and
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Do we have “adequate” microcirculatory flow?

Normal microcirculatory flow

AP Y

.
-
-
- o> .
)
L "
-
L}




Microcirculation in cardiogenic shock




Fluid responsiveness
= where is patient on the Starling curve!

A CO
AP Not fluid responsive

<

Cardiac output A CO




Clinical Case

63 year old woman
3 days nausea, vomit, diarrhoea
Arrives on the Thursday at 16:30
BP 70/40; HR 110; urine output 10ml/hr; lactate 7
9.5 L crystalloid
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Half of ITU patients are fluid responders

7% Responders
71%
72%
63%
52%
59%
40%
T NN

Non responders
48%




How to tell if fluid responsive

Either
+Give a bolus and watch response

- Probably safe if small volumes required
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Predicting fluid responsiveness




Consequences of too
much fluid




Cardiac
output
/
Lung
water

Why try predicting fluid responsiveness!?

Lung water




Too fluid much endangers the ........ Glycocalyx

The glyco.....what?



Single vascular barrier

Ernest Starling: 1866-1927

|nterStItIa| SpaCe Hydrostatic pressure COP



Microvascular fluid exchange and the revised Starling principle

lymph flow produced is orders of magnitude smaller
then predicted

INn experiments, even when the COP inside and outside

of the vessel were equal, there was still effective COP
drawing fluid in !

Cardiovascular Research (2010) 87, 198-210



Double vascular barrier

Intravascular
space

glycocalyx

endothelial
cells Yy

Interstitial
space

Rehm et al Anesthesiology 2004;100:1211



Glycocalyx - electron microscopy

Rehm et al Anesthesiology 2004;100:1211



—lectron microscopy - glycocalyx

. W
Endothelial
cell

nucleus

Vascular Lumen

glycocalyx

Q¢

Endothelial Glycocalyx

Rehm et al Anesthesiology 2004;100:1211



Glycocalyx - components

o, S

Pries et al Eur J Physiol; 440:653-666, 2000



Healthy endothelial glycocalyx

erythrocyte plasma proteoglycan

lasma protel

O

vuaM [ ICAM
anttnrom

Nieuwdorp et al Curr Opin Lipidol 2005; 16:507



Destruction of the glycocalyx

b
( ) MU’M vmd’x

proteoglycans

Y R

loss of NO synthase

WO leak of proteins thrombin generation!

onidative stress !

Nieuwdorp et al Curr Opin Lipidol 2005; 16:507



Sepsis-destruction of glycocalyx
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Glycocalyx in sepsis

2500

*%
2000
1500
1000
_
-

Severe Septic
Sepsis Shock

plasma concentration of
Hyaluronan (ng/mL

Healthy Sepsis

Increased shedding of glycocalyx in plasma with increasing
severity of illlness...a prognostic factor

Kohler et al Infection 39:117-118; 2011



All Fluids are Not Created Equal

Total Body Water

L Intravascular space 3

L

| L infused, how much
Dextr'ose Sta)ls

intravascular ?

e Dextrose - 70 ml

Colloid

e Saline - 250 ml

e Colloid - 1000 mL

Intracellular space Extracellular space
30L 5L



Glycocalyx - volume of colloids effects are “context sensitive”

hypervolaemic

normovolaemic “volume
hemodilution loading”
100
o)
| (86% 0%
70 ANP
60
40
20
18%
0
Albumin 5% HES 6% Ringers Albumin 5% HES 6%

Alterations of the glycocalyx reduces the volume effects of colloids
Jacob et al Lancet 2007 16;369:1984-6



Glycocalyx alteration

Atrial Natriuretic Peptide (ANP)
a cardiac hormone released by acute
volume loading, plays a key role in

blood volume regulation

Isbister (1997) Trans Sci; 18:409-423

Tucker (1996) Am J Physiol: 271:R591



ANP “strips oft” the glycocalyx

‘ Control \ ANP

Am J Physiol Heart Circ Physiol 289: H1993-H1999, 2005



Glycocalyx - summary

Large structure with important functions

Vascular barrier function
Thrombocyte and leucocyte adhesion (“teflon”)
Inflammation

Vessel diameter

Jacob et al Anesthesiology 2006, 104:1223-1231 Jacob et al Cardiovasc Res 2007, 73:1235-1242



Other consequences of
too much fluid




If extreme, high venous pressures do have negative
“upstream’ consequences

“Right heart
< Septal shift (impairs Lt Ventricle)
< Kidney

< Liver (cardiac cirrhosis)
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Venous congestion: are we adding insult to
kidney injury in sepsis?
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Mean CVP (mmHg)

“... 2 5 mmHg increase in CVP predicted 2.7-fold odds of AKI."

Critical Care 2014, 18:104
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“Fluid Restriction™

Pre -1965
Francis Moore, M.D. et al



“Fill that Third Space”

Post -1965
G.Thomas Shires, M.D. et al




The True Picture ?
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Consequences of too
little fluid




Effects of compensated “hypovolaemia™ on gut

6 healthy volunteers bled 2 x 600 ml

600 m| ->

No significant change in BP, HR, stroke volume

Decrease in gut intramucosal pH

1200 ml ->
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Adequate microcirculatory flow®

This seems to be the new “frontier”




Microvascular dysfunction

<+ 50 ICU patients resuscitated to adequate global
haemodynamic endpoints

N/

< After successful resuscitation, peripheral perfusion
assessed:

Capillary refill, Core-peripheral temperature,
Peripheral Flow Index

< Compared lactate levels, on-going organ failure

Crit Care Med 2009 Vol. 37, No. 3



Microvascular dysfunction

Peripheral perfusion after resuscitation

Normal (27) Abnormal (23)

HR 90 94
MAP 80 81
CVP 14 13

% Normal .
Lactate 69 3
ASOFA >0 23 77 ™"

Adequate global values with poor peripheral perfusion probably a
sign of compensatory mechanisms still present.

Crit Care Med 2009 Vol. 37, No. 3



Before Terlipressin

MAP 58

HR 98

CVP 13

UO 20 ml/hr




After lerlipressin

MAP 80

HR 98

CVP 12

UO 110 mi/h







Disseminated intravascular coagulation

" ISKysoft




How do you fluid load ?

Give small volume (~ 250 ml) quickly
and measure response immediately




How do you fluid load ?

Cardiac
output

< 10 % increase in
stroke volume curve
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Or raise ze legs!
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Rapidly “transfuses” ~ 500 mL Not Trendelenburg

Intensive Care Med (2008) 34:659-663



Recap
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Under- and over-resuscitation are assoclated
with increased mortality

Organ ischaemia

Organ oedema

Optimal fluid




Recap

< Cardiac output the most important determinant of O2 delivery

< Venous return determined by vascular factors

higher

% stress vs unstressed volume => MCP  upstream pressure \

< “Fluid responsive or not! - that is the question” lower

downstream pressure
“CVP”

<+ Don’t guess

B
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Acute Respiratory Distress Syndrome
(ARDS)

Oxygen delivery ~

Cardiac output x Hb x % Sat O2



Cardiac output

X

Preload

Effective blood volume
Capacitance
Obstruction
Septal shift
IV fluid

volume

C.O.PR.

Pump failure

Arrhythmias
Ischaemia
Valvular problems
Septal shift

Afterload

RAA adaptaion
Sepsis

Valvular problems
Pulmonary embolism
Hypertension

Shunts

Heart rate

Hb X

Anaemia

Fe def

Dilutional
Inflammatory
Vitamin deficiency
Aplastic

Abnormal Hb

Sickle cell
Thalassaemia
met Hb

CO Hb

Hemolysis

free Hb and NO

Pulmonary hypertension
Hypercoagulability

Hyperviscosity

PRV
Acclimatisation

% Sat O2

Inspired O2

Altitude
Hyperbaric O2

Hypoventilation

Decreased respiratory drive
drug induced

CVA

Fatigue (asthma)

Obstruction
Sleep apnoea syndrome
Decreased consciousness

Ventilation/perfusion
abnormalities

Shunt
Pneumonia
Pulmonary oedema
Dead space
Pulmonary embolism
Fat embolism
Mixed
Ulgd®,
Asthma



A patient admitted with H1N1 pneumonitis (“Swine flu”)

24 hours later



=
rek
L

QI.ng of ARDS




Normally
respiratory
membrane

thickness =
0.2-0.3
micron

ARDS alveolus

Normal Alveolus Injured Alveolus during the Acute Phase

Alveolar air space : /Ptotom nch edema flnd

Sloughing of bronchial epithelium

LNecrotic or apoptotic type | cell |

Type | cell \

/ 7Imc:‘~ntod surfactant e

Epithelial A9 & A
basement ; ’ Act\vated : Red cell
membrane +  neutrophil R
| Leukotrienes g .’!’ (,5’ .o
Interstitium Type Il cell ;__,’. (™ Intact type Il cell
[ Alveolar -
\’ Sy N macrophage
gl\' /:__ / . Denuded

basement membrane

Hyaline membrane

Migrating neutrophil

/Wld&ﬂ@d,

edematous
interstiium

¥
Endothelial—
cell A
\

A\
Endothelial ~ %
basement 9

Platolots
membrane

“Neutrophil

Red cell —— "Swollen, injured

endothelial cells

Fibroblast Fibroblast Neutrophil

Ware LB, Matthay MA. The acute respiratory distress syndrome. NEJM. 2000;342:1334



Ware LB, Matthay MA. The acute respiratory distress syndrome.

Destruction of Iung/alveolar architgi_ ture
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ARDS Histology

Normal Oedematous

Am | Respir Crit Care Med Vol 165.pp 1647—-1653,2002



RDS

Normal lung
weight 800 gms

ARDS lung
weight 1600 gms



20 40 60 80 100

FI02
%



Goals of treatment

Treat primary condition

Avoid further harm:

Volutrauma

Barotrauma

Biotrauma
Recruitment/de-recruitment

Fluid overload

Only really effective treatment is to avoid further harm !!



Clinical Case

49 yr old female

Acute respiratory distress following HT1N1 flu
Ventilated for 8 days with high FIO2

Tidal volumes ~ 500 mL

No improvement in deteriorating 02 sats

Called Leicester ECMO center for transfer

Refused!

Why?



Ventilator Induced Lung Injury-“VILI”




Vincent et al. Critical Care 2010, 14:311
http://ccforum.com/content/14/3/311
C, CRITICAL CARE

Thirty years of critical care medicine

Jean-Louis Vincent*', Mervyn Singer?, Jonhn J Marini®, Rui Moreno®, Mitchell Levy®, Michael A Matthay®, Michael Pinsky,
Andrew Rhodes®, Niall D Ferguson?®, Timothy Evans'®, Djillali Annane" and Jesse B Hall™

“...we have made major progress .... over the past
30 years through the recognition and avoidance of
latrogenic ventilator-induced lung injury (VILI)

by limiting tidal volumes and airway pressures.”




Avoid over-stretch of lungs

Control

PIP of 45 cm H20



Fu Z et al J Appl Physiol 1992 73: 123-133



Systemic effects of volutrauma

TNF (pg/mi)

High tidal volumes
associated with
Increased release
of cytokines

Critical Care 2009, 13:R1
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RDS/ALL
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8 0.44 o’ Lower tidal volumes
L = i - —— Survival

o 034 . Discharge ... pischarge

% 0.24 ‘)" Traditional tidal volumes
a 0.14 e Survival

-== Discharge

0 20 40 60 80 100 120 140 160 180
Days after Randomization

NEJM 2000;342:1301-1308




How do you best predict lung volume 7

20 0... °
’ » ' LA .
EJ:_ :. 0 '.0'3\0 .
= o ':.\'0 P
10 ,':,\'0‘0 o.‘.
0%
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The correlation between actual body weight and
%Total Lung Capacity is extremely poor

Crit Care Med 2004 Vol. 32, No. 9

20



Don’'t forget protective tidal volumes are based on
ideal (or predicted) body weight, which are based on

SEX and HEIGHT (NOT weight!!)




Don’'t forget protective tidal volumes are based on
ideal (or predicted) body weight, which are based on

SEX and HEIGHT (NOT weight!!)

Marie-Thérese S. Julia R.
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Lung Volume Lung Volume
= 3245 mL = 3364 mL
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“Lung protective ventilation”

Avoid recruitment/de-recruitment




Preventing overdistension and under-recruitment
INjury

Add PEEP/
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Recruitment/de-recruitment

(G Nieman, SUNY




Recruitment manoeuvre and PEEP

cm of water




Recruitment manoeuvre and PEEP
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Alrway Pressure Release Ventilation
(“APRV”)




Use compliance to titrate PEEP in ARDS

o best
Compliance o  compromise AERATED
between under and HIPER
over distension - {Res
|10 20 30

PEEP (cm H0)

Carvalho AR et al. Intensive care medicine 2008 Dec; 34(12):2291-9






Clinical Case

21 yr old female

Acute respiratory distress following flu-like symptoms
(H1NT)
Requires intubation

02 sats continues to drop rapidly from 87% to 78% on

100% 02

Central venous saturation 72%

Attempt at higher PEEP of 25cm H20
Little iImprovement in 02 sats

But now central venous saturation is 52%

Why?
What does this signify?
What might we do?
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Clinical Case

271 year old woman

Very recent Cesarian Section

Increasing respiratory difficulty

Diagnosis of H1N1 (“swine flu”)

O2 saturations dropping to 75% despite 100% O2

and pressure manoeuvres

What would you do?
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ORIGINAL ARTICLE

Prone Positioning in Severe Acute
Resplratory Dlstress Syndrome
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Absence of gravity
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Shape matching
and gravity

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 188 2013



Prone posrtion in ARDS

Am | Respir Crit Care Med Vol 188, Iss. | |, pp 1286—1293, Dec |, 2013



—ffects of a equivalent 50% reduction in Hb and pO2 on 02
content in arterial blood
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Recap

We can cause harm to the lungs by
overstretching
allowing collapse

Use “low” (i.e., normal tidal volumes)
calculate ideal weight using height and sex

Follow efficiency of gas exchange using P/F ratio



Don't forget, we are in the oxygen delivery
business

Cardiac output x Hb x % Sat O2

\
= r

N INA |
wt \ /{; 3-/, ;




Download at

http://www.jvsmedicscorner.com
Mallory / Everest2013



Thanks for listening

B
. i-* %7 This is outrageous! \

'\, The government is
listening to our
conversations!



