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Outline 

• Hemodynamics monitoring and 
management 


• Ventilator monitoring and management 



Hemodynamics 
• Cardiac pressure 


• Shock 


• Fluid management 


• Fluid compartment 


• Fluid selection 


• Fluid responsiveness



Mechanical Ventilator 

• Hypoxia & Hypoxemia


• Respiratory failure


• Basic mechanical ventilator 


• MV waveform



Hemodynamics monitoring and 
management 
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Cardiac Pressure

0-4 mmHg

30/4  
mmHg

25/10 mmHg
8-10 mmHg

8-10 mmHg

120/10  
mmHg

120/80 mmHg

SVR ~ 10-20 WU (mmHg/L/min) 
900-1200 dyne*sec/cm5

PVR ~ 1-2 WU (mmHg/L/min) 
80-120 dyne/sec/m-5

CO 4-8 L/min



Blood Pressure

• Systolic BP (SBP) 

• Diastolic BP (DBP) 

• Mean arterial pressure (MAP) 

• Pulse pressure (PP)

Cardiac contractility 
Sympathetic tone

Vascular resistance 

= DBP + 1/3 PP

= SBP - DBP

 65-75 mmHg

~1/2  SBP



BP = CO x SVR(TPR)
SV x HR

LVEDV - LVESV LVEDVxSV =
LVEDV

EF

Blood Pressure 

BP = LVEDV x EF x HR x SVR(TPR)



BP = LVEDV x EF x HR x SVR(TPR)

Preload 
น้ำ (fluid)

Contractility/
chronotropy 

ปั๊ม (cardiac output)

Afterload 
แรงต้านในหลอดเลือด



BP = LVEDV x EF SVR(TPR)xHRx

Hypovolemic 

Obstructive

Shock

Cardiogenic

Distributive

low C.O. syndrome high C.O. syndrome



Type pulse 
pressure

capillary 
refill JVP heart lungs

Distributive high 
CO

กว้าง 
มากกว่าครึ่ง
ของ SBP

เร็ว 
เท่าผู้ตรวจ ต่ำหรือปกติ - ได้ทุกแบบ

Hypovolemic

low CO

แคบ 
น้อยกว่า
ครึ่งของ 

SBP

ช้า 
กว่าผู้ตรวจ 

(หรือ
มากกว่า 2 
วินาที)

ต่ำ เสียง S1 
เบา clear

Obstructive สูง
เสียง P2 ดัง 
หรือ distance 

HS
clear*

Cardiogenic สูง S3 or S4 
gallop

late 
crepitation

BP = CO x SVR(TPR)
LVEDV x EF x HR x SVR(TPR)







Fluid
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Fluid selection
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A 54-year-old COVID-19 man presented with sudden cardiac arrest in 
ward, PE: BP 70/45 mmHg, HR 125/min, RR 24/min, JVP up to mandible, 
delayed capillary refill, cannot heard chest. 


What is the best next step? 

A. Call CPR team 


B. Use ultrasound for thoracic examination


C. Wait for CXR portable


D. Give IV fluid 500 mL load 


E. Start norepinephrine 



CVS / Hemodynamic

• Invasive monitoring 

• Less-invasive monitoring 

• Noninvasive monitoring

Aim for 
Continuous monitoring 
Fluid responsiveness 

Focus on 
Accuracy 
Harmless 



Thoracic ultrasonography

Phased-array probe

Aim  
1. for assess cardiac function  
2. for assess volume status  
3. for predict fluid responsiveness  
4. Lung examination



Parasternal Long Axis View - PLAX

View  
1. Wall motion  
2. EF (M-mode) 
3. Aortic root  
4. LV kissing?



Parasternal Short Axis View - PSAX

View  
1. Wall motion, thickening 
2. EF (eyeball) 
3. D-shape septum? 
4. Valvular abnormality  
5. PA thrombus 
6. Apical ballooning



Apical View - 2/4/5 chambers

View  
1. Wall motion, thickening 
2. EF (Modified Simpsons) 
3. D-shape septum? 
4. Valvular abnormality  
5. VTI (velocity time integral)



Subcostal View

View  
1. Wall motion 
2. Pericardial effusion 



Subcostal View

View  
1. IVC diameter 
2. IVCc, IVCd
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A 78-year-old woman presented with high grade fever with RUQ pain. He was 
diagnosed toxic cholangitis. Her BP 92/55 mmHg, HR 130/min, RR 28/min, 
abdominal distension, CVP 5 mmHg. After crystalloid loading 500 mL, she was 
intubated due to pulmonary edema, BP 89/32 mmHg, HR 90/min, CVP 15 mmHg. 
Urine output 120 mL.


What is the best next step? 

A. PA catheter insertion 


B. Arterial line 


C. IVC ultrasound


D. CVP monitoring 


E. Monitor urine output 



Hemodynamic monitoring 

Goal : to assess the adequacy of perfusion (perfusion pressure & 
oxygen delivery)


• invasive & non-invasive 


• static & dynamic



Blood Pressure 
BP = LVEDV x EF x HR x SVR(TPR)

preload

pump

chrono

afterload

Static: CVP, PCWP, IVC 
Dynamic: FCT, PLRT, PPV, SVV, IVCv

Echocardiogram 

ECG monitoring

SVR calculation from devices



Hemodynamic parameters
Clinical assessment Static assessment Dynamic assessment

Preload JVP, skin turgor, lungs sound CVP, PCWP PPV, SVV, PLRT, etc. 

Pump Heart sound Echocardiography Echocardiography

Chronotropy Heart rate ECG ECG

Afterload Pulse pressure, capillary 
refill SVR (calculate) vascular impedance



Hemodynamic monitoring in ICU

• for observation & hemodynamic support


• for predicted fluid responsiveness

Fluid responsiveness : an increase of stroke volume of 10-15% after the patient receives 500 ml of 
crystalloid over 10-15 minutes (defined by Paul Marik)



Cardiac function & Return function 
C.O.

P
Frank - Starling curve

EF = 80%

EF = 30%



Cardiac function & Return function 

Pms

VR

CVP P

Guyton’s curve

euvolemia

hypovolemia

Venule  



 C.O. = VR

PmsCVP

C.O.

P

Cardiac function & Return function 



 C.O. = VR

PmsCVP

C.O.Δ

Δ P

Heart & Lung interaction 



Heart & Lung interaction 
 C.O. = VR

PmsCVP

C.O.Δ

Δ P



CVP variation
 C.O. = VR

PmsCVP

C.O.Δ

Δ P

CVP variation  

CVPv = (CVPexp - CVPinsp) x100 
  CVPmean 

> 1%



IVC variation

IVC collapsibility (IVCc) 
IVCc = (IVCmax - IVCmin) x100 

(IVCmean) 
>12% 

IVC distensibility (IVCd) 
IVCd = (IVCmax - IVCmin) x100 

(IVCmin) 
>18%



Fluid challenge test

 C.O. = VR

P



CVP  
(cmH2O)

PAOP 
(mmHg) Fluid therapy

During Δ> 5 Δ> 7 Stop

After bolus
Δ< 2
Δ2-5
Δ> 5

Δ< 3
Δ3-7
Δ> 7

continue with 10 
mins stop

After 10 mins still Δ> 2
Δ< 2

still Δ> 3
Δ< 3

stop repeat 
infusion 

Weil MH. Henning RJ. Anesth Analg 1979:58;124-132

Fluid challenge test

Benefits  

•Real fluid responsiveness 

Contraindication 

•Volume overload 



Passive Leg Raising Test
2 min

 C.O. = VR

P



Passive Leg Raising Test
2 min

 C.O. = VR

P

Limitations 
•Need SV or CO monitoring  
•Use specific bed  
•Sympathetic or baroreceptor response can be 

interfere test  
Contraindication 

•IICP or head injury 
•High vagal tone  
•Hip pain  

* similar technique : End-expiratory occlusion test
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Arterial line 



RR

mmHg

SV2 SV3SV1
SV4 SV5 SV6

PP2

90

60

120

PP3

PP1
PP4 PP5 PP6

Stroke volume variation  
Pulse pressure variation

SVV(%) = SVmax - SVmin  x100
          SVmean

PPV(%) = PPmax - PPmin  x100
         PPmean

> 13%



RR

mmHg

SV2 SV3SV1
SV4 SV5 SV6

PP2

90

60

120

PP3

PP1
PP4 PP5 PP6

Stroke volume variation  
Pulse pressure variation

SVV(%) = SVmax - SVmin  x100
          SVmean

PPV(%) = PPmax - PPmin  x100
         PPmean

> 13%

Limitations 
• Need passive positive pressure ventilation 
• Vt > 8 cc/kg  
• Regular heart rate, also RR 
• HR : RR ~ 3.6 : 1 

Contraindication 
• Spontaneous breathing  
• Arrhythmia  
• HR > 140 bpm  
• high PEEP





Teboul JL et al. AJRCCM 2019



Monnet et al. Ann. Intensive Care (2016)



Crit Care 2009,13(S1):p208



F1000Research 2016, 5(F1000 Faculty Rev):2855 Last updated: 16 DEC 2016



Which method is the best?
Equipment Parameter Benefits Disadvantage Condition Sensitivity

PAC CVP, PCWP nearly true C.O. static, non 
cardiac Cardiac cause low

CVC CVP …
static, many 

confounder, high 
risk infection 

as available low

A-line BP monitor, SVV, 
PPV

minimal invasive, 
dynamic  

measurement
… MV, reg HR high

Echo LVEF, IVC, CO, VTI non invasive operator 
dependent any +/-





Oxygen



Hypoxia
1. Hypoxemia

2. Anemic/Hbpathy

3. Stagnant4. Cytotoxic/Histotoxic

High lactate



Hypoxemia

Low PaO2

O2

Low FiO2 or PiO2

Hypoventilation or 
hypercarbia

V/Q mismatch

Shunt

Diffusion defect

Normal A-a gradient 

Wide A-a gradient 



Oxygen 
dissociation 

curve



Respiratory 
• RR


• Ventilator waveform


• End tidal CO2 (EtCO2)


• Electrical Impedance Tomography (EIT)


• Esophageal probe (TPP, diaphragm function)


• Imaging (CXR, CT) 

Aim for 
Lung mechanics monitoring 
Gas exchange monitoring 
Another abnormal patterns 

Focus on 
 Lung mechanics change



A 43-year-old type2 diabetes woman presented with fever and acute 
dyspnea. She was diagnosed COVID-19 pneumonia. Her vital sign 
showed T 38oc, BP 124/48 mmHg, HR 124/min, RR 30/min. 20 hours 
later she developed ARDS. MV was setting with protective lung 
strategy (Vt 6 mL/kg - BW 60 kg), RR 30/min, Ti 0.9 sec, PEEP 12 
cmH2O. ABG showed pH 7.14, pO2 110 mmHg, pCO2 80 mmHg, HCO3 
30 mg/dL, FiO2 1.0, EtCO2 60 mmHg.  
Which is the best new MV setting for pH 7.3?

A. Rise RR to 35/min


B. Recruitment manoeuvre and PEEP titration 


C. Rise Vt to 450 mL 


D. Rise Ti to 1.2 sec


E. Give sodiumbicarbonate 



PaCO2

Hypoventilation > 40 mmHg
metabolic acidosis, 
burn, sepsis, acute 
pancreatitis, obese

low Vt, RR 
high Vd

Hyperventilation < 40 mmHg metabolic acidosis, 
psychogenic

high Vt, RR 
low Vd

PaCO2
CO2 production =
Alveolar ventilation 

k x



PetCO2 (EtCO2)

PaCO2

O2

CO2

EtCO2



PaCO2 - EtCO2 



Phase of EtCO2

I

II

III

Respiratory  
baseline

Expiratory  
upstroke

Alveolar  
plateau

Inspiratory 
downstroke

0

EtCO2



EtCO2 interpretation



Carbondioxide : ventilation

• PaCO2 ∞ V[CO2] / VA


• VA = RR (Vt - Vd)

PaCO2 =     V[CO2]  
RR (Vt - Vd)



Carbondioxide : ventilation

• Vd/Vt = (PaCO2 - EtCO2) / PaCO2


• C1V1 = C2V2 :   (PaCO2)1 x VA1 = (PaCO2)2 x VA2


• (PaCO2)1 x (RR1 x (Vt1-Vd)1 = (PaCO2)2 x (RR2 x (Vt2-Vd)2



(PaCO2)1 x (RR1 x (Vt1-Vd)1 = (PaCO2)2 x (RR2 x (Vt2-Vd)2

Vd/Vt = (PaCO2 - EtCO2) / PaCO2360 80 60 80 90

(1) (PaCO2)1 x (RR1 x (Vt1-Vd)1 = (PaCO2)2 x (RR2 x (Vt2-Vd)280 6030 40

(2) (PaCO2)1 x (RR1 x (Vt1-Vd)1 = (PaCO2)2 x (RR2 x (Vt2-Vd)280 60360 90 90450

A 43-year-old type2 diabetes woman presented with fever and acute 
dyspnea. She was diagnosed COVID-19 pneumonia. Her vital sign showed T 
38oc, BP 124/48 mmHg, HR 124/min, RR 30/min. 20 hours later she 
developed ARDS. MV was setting with protective lung strategy (Vt 6 mL/kg - 
BW 60 kg), RR 30/min, Ti 0.9 sec, PEEP 12 cmH2O. ABG showed pH 7.14, 
pO2 110 mmHg, pCO2 80 mmHg, HCO3 30 mg/dL, FiO2 1.0, EtCO2 60 mmHg.  
Which is the best new MV setting for pH 7.3?



A 66-year-old COPD man was diagnosed COPD A/E. He was 
intubated and MV setting VCV Vt 360 mL, RR 16/min, PIF 60 
LPM, PEEP 5 cmH2O, FiO2 0.24, His Paw was 40 cmH2O and 
Ppl 18 cmH2O. 3 hours later, MV alarm Paw changed to 60 
cmH2O and Ppl 45 cmH2O.  
What is the possible cause of alarm?

A. Secretion obstruction


B. Bronchospasm 


C. Pneumonia


D. Pneumothorax


E. One lung intubation



Ventilator Waveform



Ventilator waveform (VCV)
Pressure
(cmH2O)

Flow
(LPM)

Time 
(second)

Time 
(second)

Peak 
airway 
pressure

PEEP

Plateau 
pressure

inspired 
hold

Tidal 
volume

inspiratory 
phase

Expiratory 
phase

VCV

square wave

T pause



Ventilator waveform (VCV)
Pressure
(cmH2O)

Flow
(LPM)

Time 
(second)

Time 
(second)

Peak 
airway 
pressure

PEEP

Plateau 
pressure

Driving 
pressure  ΔP

inspired 
hold

Tidal 
volume

inspiratory 
phase

Expiratory 
phase

VCV

square wave

T pause

Paw

Ppl

resistance = Paw - Ppl 
           PIF

compliance = Δ volume 
        Ppl - PEEP

VT

Ppl - PEEP
normal R 


5-10 cmH2O/L/S in non-
intubate


3-5 cmH2O/L/S in TT

8-10 cmH2O/L/S in ETT


normal C

80-100 mL/cmH2O in 

non-intubate

30 mL/cmH2O in 
critically illness



Increased Paw and Ppl

• Increased tidal volume  
• Decreased pulmonary compliance 

• Parenchymal diseases 
• Pleural diseases  
• Abdominal pressure  
• Endobronchial intubation x x

x
x x

change elastance / 
compliance



Increased Paw and 
unchanged Ppl

• Increased inspiratory gas flow rate  
• Increased airway resistance 
• Kinked ET tube Secretions 
• Foreign body aspiration  
• Bronchospasm 
• Airway compression  
• ET tube cuff herniation

change resistance







Am J Respir Crit Care Med [online ahead of print] 30 Nov 2023

* New or updated recommendations in current guideline.
† Recommendations addressed in 2017 guideline.



J Thorac Dis. 2019 Mar; 11(3): 673–685. doi: 10.21037/jtd.2019.02.84

Ppl - PEEP

DP —> Vt

https://doi.org/10.21037%2Fjtd.2019.02.84




A 25-year-old man presented with acute asthmatic attack. He was 
intubated and on MV. MV was setting with VCV: Vt 400 mL, RR 20/
min, PIF 40 LPM, PEEP 5 cmH2O, FiO2 0.3. His MV waveform as 
showed. 



What is the most likely diagnosis?


A. Delayed termination 


B. Auto triggering 


C.Double triggering 


D.Flow starvation


E. Early termination



Ventilator waveform
Pressure
(cmH2O)

Flow
(LPM)

Time 
(second)

Time 
(second)

VCV

square 
waveform

VCV PCV

decelerating 
waveform



Ventilator waveform
Pressure
(cmH2O)

Flow
(LPM)

Time 
(second)

Time 
(second)

phase 1  
trigger 
phase

phase 2  
inspiratory 
flow phase

phase 3  
termination / 
cycling phase

phase 4  
expiratory 

phase



Waveform interpretation

1. Mode อะไร (volume & 
pressure)


2. มี Trigger ไหม 


3. Flow พอไหม


4. Termination หยุดตอนไหน

Pressure
(cmH2O)

Flow
(LPM)



Waveform 

trigger

flow

cycle



Waveform 

trigger

flow

cycle

trigger 
asynchrony

ineffective  
triggering

auto  
triggering

double  
triggering



Waveform 

trigger

flow

cycle
flow asynchrony

flow starvation



Waveform 

trigger

flow

cycle

cycle 
asynchrony

delayed  
cycling

premature  
cycling



Ineffective triggering



Auto triggering



Double triggering



Reverse triggering
Reverse triggering is a type of dyssynchrony that occurs when a patient effort occurs after (‘is triggered by’) the initiation of a ventilator (non-patient 
triggered) breath.  Usually, it is a phenomenon occurring over many consecutive breaths and also referred to as ‘entrainment’



Premature cycling



Delayed cycling



Flow starvation



Flow asynchrony



Case 6 A 25-year-old man presented with acute asthmatic attack. 
He was intubated and on MV. MV was setting with VCV: Vt 400 
mL, RR 20/min, PIF 40 LPM, PEEP 5 cmH2O, FiO2 0.3. His MV 
waveform as showed. 



Flow starvation —> double triggering



What is the most likely diagnosis?


A. Delayed termination 


B. Auto triggering 


C.Double triggering 


D.Flow starvation


E. Early termination




