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PAOP

How can we use Arterial pressure?



• Analysis of the static values 

• Analysis of the dynamic variation of AP values

 



• Analysis of the static values 

• Analysis of the dynamic variation of AP values
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Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone                     a low DAP is mainly due to a depressed 

arterial tone
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a DAP is mainly due to a depressed arterial to 

low tone



Peripheral resistance

• related to peripheral DAP (r = 

0.71) (p<0.001) 

• but not related to peripheral

SAP (r2 = 0.04) and PP (r2 = 

0.02)

67 ICU patients



Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone                     a low DAP is mainly due to a depressed 

arterial tone BUT
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Always consider heart rate

Tachycardia should theoretically result in a higher 

than normal DAP



Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone     a low DAP is mainly due to a depressed arterial tone

a low DAP may be seen during  Bradycardia



Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone      a low DAP is mainly due to a depressed arterial tone

a low DAP may be seen during  Bradycardia

Arterial stiffness



The arteries are elastic structures that amortize the discontinuous cardiac ejection by storing a 

part of the stroke volume during the systole and by restituting it during the diastole 

The cardiac pump generates a pulsatile flow

In patients with stiff arteries the diastolic part of aortic pressure is reduced 



Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone

2. Septic shock is caracterised by vasodilation and a low vasomotor tone: DAP may help the 

diagnosis at the bedside

Vasoplegia: can be identified at the bedside by a low value 

of DAP



Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone

2. Septic shock is caracterised by vasodilation and a low vasomotor tone

3. DAP is the major component Of MAP



In other words, this rule of thumb implies that DAP 

contributes more to MAP, by a factor of two, than does SAP.

Frequently a Low MAP is mainly due to a low DAP



Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone

2. Septic shock is caracterised by vasodilation and a low vasomotor tone

3. DAP is the major component Of MAP

4. DAP is constant through the vascular tree
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The peripheral AP is different from the central (aortic) AP

Peripheral pressure waveCentral pressure wave

200 ms

Pulse wave amplification

femoral SAP and PP < radial SAP and PP
Not the case of 

DAP
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Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone

2. Septic shock is caracterised by vasodilation and a low vasomotor tone

3. DAP is the major component Of MAP

4. DAP is constant through the vascular tree

5. DAP is the upstream pressure for LV coronary perfusion
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DAP is the upstream pressure for LV coronary perfusion



Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone

2. Septic shock is caracterised by vasodilation and a low vasomotor tone

3. DAP is the major component Of MAP

4. DAP is constant through the vascular tree

5. DAP is the upstream pressure for LV coronary perfusion

6. DAP is associated to outcome



• 68 septic shock patients

• Receiving NE for at least 72 hrs

• Observational study

At D3 low DAP (and not low SAP) was a predictor of mortality



➢ Retrospective observational study, 77,328 

septic patients in 364 ICUs in the eICU

➢ Primary exposure was the lowest 

cumulative value of each component; mean, 

systolic,diastolic, and pulse pressure, 

sustained for at least 120 min during ICU stay

49 mmHg

In septic ICU patients, lower level of all blood pressure components including 

mean, systolic, diastolic and pulse pressure were associated with higher 

mortality, acute kidney injury and myocardial injury

Annals of Intensive Care (2023)



Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone

2. Septic shock is caracterised by vasodilation and a low vasomotor tone

3. DAP is the major component Of MAP

4. DAP is constant through the vascular tree

5. DAP is the upstream pressure for LV coronary perfusion

6. DAP is associated to outcome

7. DAP may be used as a trigger when managing septic shock patients



DAP may be a trigger to start norepinephrine





Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone

2. Septic shock is caracterised by vasodilation and a low vasomotor tone

3. DAP is the major component Of MAP

4. DAP is constant through the vascular tree

5. DAP is the upstream pressure for LV coronary perfusion

6. DAP is associated to outcome

7. DAP may be used as a trigger when managing septic shock patients

8. Development and use of markers of vascular hyporesponsiveness to NE:

VNERi = DAP / (HR x NE dose)



VNERi = DAP / (HR x NE dose)

• DAP: marker of vascular tone

• DAP/HR: better marker of vascular tone

than DAP

DAP/(HR x NE dose): marker of vascular

responsiveness to NE



VNERi = DAP / (HR x NE dose)

• DAP: marker of vascular tone

• DAP/HR: better marker of vascular tone

than DAP

DAP/(HR x NE dose): marker of vascular

responsiveness to NE

A low VNERi by indicating hyporesponsiveness to 

NE  might help to add vasopressin earlier instead

of escalating the NE dose



Is it important to consider DAP in septic shock ?

1. DAP is a reflection of vasomotor tone

2. Septic shock is caracterised by vasodilation and a low vasomotor tone

3. DAP is the major component Of MAP

4. DAP is constant through the vascular tree

5. DAP is the upstream pressure for LV coronary perfusion

6. DAP is associated to outcome

7. DAP may be used as a trigger when managing septic shock patients

8. Development and use of markers of vascular hyporesponsiveness to NE:

VNERi = DAP / (HR x NE dose)<2.6 Add a second vasopressor: Vasopressin
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MAP: upstream pressure for perfusion of most vital organs

And a target for shock resuscitation



mean arterial pressure  

organ

blood

flow

Autoregulation of organ blood flow

65 

mmHg

The decrease of the value of MAP below a critical value 

induces organ hypoperfusion



Mean arterial pressure

Restoring MAP beyond the critical value restores organs

perfusion

Autoregulation of organ blood flow

organ

blood

flow



MAP: Therapeutic goal

What is the cut off value?

PressMean arterial pressure

Organ

blood

flow

Critical 

value
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Time under the value of MAP 65 mmHg
mmHg

The best predictor of 30 day mortality

Retrospective cohort

111 septic shock patients

30-day mortality

Time and intensity of hypotension 

(MAP)



MAP: Treatment goal

What is the cut off value?

PressMean arterial pressure

Organ

blood

flow

Critical 

value

Is it the same for all the patients ?



MAP

mmHg

NO Hypertension

Chronic hypertension

70 80

Organ blood

flow

MAP : individualize



80-85 mmHg80-85 mmHg 65-70 mmHg

388 pts 388 pts





We recommend individualizing arterial blood pressure levels. 

Although a mean value of 65 mmHg may be recommended as an initial goal, 

the optimal level may be higher in patients with a history of hypertension, 

atherosclerosis or chronic kidney disease



MAP: Treatment goal

What is the cut off value?

PressMean arterial pressure

Organ

blood

flow

Critical 

value

Is it the same for all the patients ?

Is it the same in all the situations ?



MPP = MAP - CVP MAP may be a surrogate of MPP when CVP is low



mean arterial pressure  

organ

blood

flow

Autoregulation of organ blood flow

Mean perfusion pressure: MAP - CVP

The arithmetic difference between

MAP and CVP (most of organs)

When CVP is high



•  Retrospective analysis

• 2118  patients: 790 patients (37%) who

developped AKI

• 205 equipped with advanced hemodynamic 

monitoring.

Mean perfusion pressure (MPP = MAP-

CVP) but not MAP was an independent 

factor associated with AKI progression.

A value of MPP of 60 mmHg was found 

as a cutoff. 



110

10
100/50 (67)

95

25

MPP= MAP-CVP

Patient with pneumonia

ARDS and under mechanical

ventilation

➢ Under NE:0.4microg/Kg/min

➢ Acute renal failure

MPP= 67-25

MPP= 42 mmHg

Decrease PEEP Increase NE
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Is peripheral SAP an acceptable reflection of LV afterload?
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LV afterload is defined by systolic wall stress

LV afterload is defined

by the load that

the LV must eject blood against

and expressed as systolic wall stress 

Laplace law

Systolic wall stress =  ventricular systolic pressure x LV radius / 2 x LV wall thickness

Ventricular end-systolic pressure = 0.9 X aortic SAP
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If you measure a peripheral SAP of 150 mmHg

the aortic SAP is lower

… and LV afterload not so much increased

If you measure a peripheral SAP of 150 mmHg

the aortic SAP is 150 and LV afterload is high

Pulse wave amplification depends on age and arterial stiffness



If you measure a peripheral SAP of 150 mmHg

the aortic SAP is 150 and LV afterload is high

Pulse wave amplification depends on age and arterial stiffness

•Is peripheral SAP an acceptable reflection of LV afterload ?

 

•Yes, if low pulse wave amplification 

•(elderly, hypertensive, vasoconstricted, etc) 
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Chemla et al AJP 1998

Aortic pulse pressure = SV / aortic compliance



Easy bedside tool to identify low stroke volume
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➢ Male (Mr Z)

➢ 35 years old

➢ Medical history: none

➢ Male (Mr Z)

➢ 75 years old

➢ Medical history: Hypertension

20

40

60

80

100

120

140

0

Pression artérielle (mmHg)

PP = SAP-DAP

PP = 30 mmHg

85

55

Une PP basse reflète un bas volume d’éjection systolique

surtout chez les patients avec artères (supposées) rigides



r = 0.56
n = 228

r = 0.21
n = 145

*
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Easy bedside tool to test changes in low

stroke volume



To evaluate whether changes in pulse pressure (PP) or in pulse pressure variation 

(PPV) during (PLR) can be used to evaluate preload responsiveness

Baseline 1
PLR for one 

minute
Baseline 2

VTI before VTI after

VTI >12%: PLR +

33 Patients ventilated with 

pressure support mode or totally 

spontaneously breathing 



33 Patients ventilated with 

pressure support mode or totally 

spontaneously breathing 

in patients with spontaneous breathing 

activity, the increase in PP of equal to or 

higher than 2 mmHg during PLR may be 

helpful to discriminate preload responders 

from non-responders with fair accuracy



• Analysis of the static values 

• Analysis of the dynamic variation of AP values

 



A B Ventricular preload

MV can induce cyclic changes in preload

and …. in SV in cases of biventricular

preload responsiveness

Stroke 
Volume

As aortic compliance does not change

over the respiratory cycle, changes in PP

(PPV) reflect changes in SV (SVV)

Heart Lung interaction during MV

preload responsiveness



A B

Stroke 
volume

Cardiac preload

Preload unresponsiveness

Preload responsiveness

High PPV

Low PPV

Applied physiology



Be Aware of the Limitations !



Arterial pressure is a real time monitoring tool

❑ All the static components of arterial pressure (SAP, DAP, MAP, PP)

are important to consider when managing critically ill patients

➢ SAP : reflects LV afterload

➢ DAP : may be used as a « trigger » to introduce vasopressors

➢ VNERi =DAP/HRxDose de NAD: may be used as a « trigger » to add a second 

vasopressor

➢ MAP : Therapeutic target

➢ PP : may be used as surrogate of stroke volume

❑ The variation of PP(delta PP) under MV may be used as a marker of preload

dependancy

Take home messages?

Merci !



ohamzaoui@chu-reims.fr

Merci !
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