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Hemodynamics for 
Respiratory 
Therapists

Presented by: Rena Laliberte BS, RRT
Clinical Education Specialist
Henry Ford Hospital – Detroit 

Objectives

• Review considerations for Respiratory Therapists 
in 2015 and Beyond 

• Discuss cardiovascular issues in respiratory care

• Examine the effects of respiratory indices on 
hemodynamics during mechanical ventilation
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Respiratory Therapists 2015 and Beyond

1. Understand Evidence Based Medicine, including the ability to 
critically read and critique the literature and discuss the meaning 
of statistical analysis

2. Understanding of pharmacology for all organ systems as well as 
all drugs delivered via the respiratory system

3. Excellent critical thinking skills 

4. Problem solving skills, which are needed to calibrate, operate, 
and troubleshoot complex technology 
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Respiratory Therapists 2015 and Beyond

• Broad knowledge of various approaches to monitoring, which includes:

• Laboratory values

• X ray interpretation

• CT Scans

• MRI

• Bedside monitoring data

• Must be proficient in the monitoring of hemodynamics and must 
be able to evaluate pressures, flows and volumes 

Respiratory Therapists 2015 and Beyond

• In the ICU RT’s need a working knowledge of 
pharmacology that is required: specifically, an 
understanding of drugs that affect the patient’s 
interaction with the mechanical ventilator.

• This includes agents used to treat cardiovascular 
dysfunction, tracheobronchial airways, and 
pulmonary vasculature.  This also includes inhaled 
gases.

• We should also be aware of all sedatives being 
used on our ICU patients or ancillary 
administration of drugs.  
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Familiarity with Devices

• Central Lines

• Pulmonary artery catheters

• Arterial Lines

• Sv02 devices 

• Intracranial Devices

• As well as their placement sites, which may vary 
based on the patient. 

CVP
RV
MAP
PAP
MPAP
PCWP
CO 
CI

Hemodynamic values 
that are measured 
directly 
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Hemodynamic values that 
are measured indirectly

• Stroke Volume

• Stroke Volume Index

• LV stroke work index

• RV stroke work index

• Pulmonary vascular resistance

• Systemic vascular resistance

Right heart – Left Heart 
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Medications 

• RTs should be familiar with the following:

• Gases/Medications that treat pulmonary hypertension

• Nitric Oxide administration / Epoprostenol/Prostaglandine E1 etc.

• Medications for treatment of Cardiac and Blood Pressure issues

• Vasopressors

• Inotropes

• Chronotropes
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Cardiovascular Issues in 
Respiratory Care 

• Hemodynamic effects of ventilation grouped under four 
clinically relevant concepts

• 1. Spontaneous ventilation is exercise; critically ill 
patients may not withstand SV. MV support improves 
02 delivery by decreasing 02 consumption. Patients 
who fail to wean also manifest cardiovascular 
insufficiency, supplementing support with inotropic 
therapy may allows patients to wean from MV.

• 2. Changes in lung volume alter autonomic tone and 
PVR. High lung volumes compress the heart. 
Hyperinflation also increases PVR and PAP impeding 
RV ejection. Low lung volumes induce alveolar collapse 
and hypoxia stimulating pulmonary vasoconstriction. 
Recruitment maneuvers, PEEP and CPAP may reverse 
vasoconstriction and lower PAP.

Cardiovascular Issues in 
Respiratory Care

• 3. Spontaneous inspiration and efforts 
decrease intrathoracic pressure (ITP) 
diaphragmatic descent increased intra-
abdominal pressure, these combined efforts 
cause RAP inside the thorax to decrease but 
venous pressure in the abdomen to increase, 
markedly increasing the pressure gradient for 
systemic venous return. Furthermore, the 
greater the decrease in ITP the greater the 
increase in LV afterload for a constant arterial 
pressure. MV by abolishing negative swings in 
ITP, will selectively decrease LV afterload, as 
long as the increases in lung volume and ITP 
are small. 
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Cardiovascular Issues in 
Respiratory Care

• 4. PPV increases ITP. Diaphragmatic descent 
increases ITP the decrease in the pressure 
gradient for venous return is less that would 
otherwise occur if the only change were an 
increase in RAP. However, in hypovolemic states, 
PPV can induce profound decreases in venous 
return. Increases in ITP decrease LV afterload and 
will augment LV ejection, increased cardiac 
output, and reduce myocardial myocardial oxygen 
demand. 

• Despite options available, most ICU’s monitor and 
display only BP, heart rate and oxygen saturation by 
pulse oximetry and have for the last 20 years.

• These displays do not drive treatment protocols but 
rather serve as automated VS signals to trigger further 
attention.

• It is hard then to validate the utility of monitoring when 
it is used in this fashion because no hemodynamic 
monitoring device will improve outcomes unless 
coupled to a treatment that itself improves outcomes.
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Hemodynamic Evaluation 
and Monitoring in the ICU

• Obstructive shock represents a blockage of blood flow 
(R - embolus, hyperinflation, tamponade L-aortic 
stenosis or dissecting aneurysm)

• R. Ventricular outflow obstruction (pulmonary 
embolism, hyperinflation)

• Tamponade (pericardial effusion, hyperinflation)

• L. Ventricular outflow obstruction (aortic stenosis, 
dissecting aortic aneurysm)

• Specific findings can be more subtle, but include 
decreased LV diastolic compliance, signs of core 
pulmonale, tricuspid regurgitation.

Effects of ABCDE Bundle on 
Hemodynamics

• Background on ABCDE bundle-

• Based on evidenced based medicine the ABCDE bundle has been 
used for ICU patients on mechanical ventilation to improve the quality 
of care and optimize clinical outcomes.

• Specifically, ABC refers to awakening, breathing coordination

• D refers to delirium and monitoring/management

• E refers to early exercise and mobility
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• Background: this study aimed to investigate the effects of ABCDE 
bundle on hemodynamics in patients on mechanical ventilation

• 143 on mechanical ventilation were divided into 2 groups. In the pre-
ABCDE bundle group (n=70) conventional sedation and analgesia 
strategy were used. In the post – ABCDE bundle group (n=73) 
changes in hemodynamic parameters and related prognostic 
indicators were monitored at various time points before (T0) and at 1d 
(T1) 3 d (T3) 5 d (T5) and 7 d (T7) after implementation of the 2 
strategies

Effects of ABCDE Bundle on 
Hemodynamics

Most research on ABCDE bundle has focused on the prognosis of 
patients on MV and prevention of delirium and acquired weakness, but 
few studies have assessed the effects of hemodynamics .

The hemodynamics index can show pathological and physiological 
changes and clinical development which could also be applied in 
diagnosis and therapy in the ICU

Hemodynamics index monitoring is important in discovering causes of 
disease at the early stage , 
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Effects of ABCDE Bundle 
on Hemodynamics

Effects of ABCDE Bundle on 
Hemodynamics
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Effects of ABCDE Bundle 
on Hemodynamics

Effects of ABCDE Bundle 
on Hemodynamics

23

24



3/25/2024

13

Effects of ABCDE Bundle 
on Hemodynamics

• ARDS is frequently associated with hemodynamic instability which appears as the main factor associated with 
mortality.                  WHY?

• Shock is driven by pulmonary hypertension, injurious effects of MV on RV function, and associated sepsis

• Hemodynamic effects of ventilation are due to changes in Ppl and changes in TPP. 

• TP affects RV afterload, whereas changes in Ppl affect venous return.

• Tidal forces (stress and shear) and PEEP increase PVR in direct proportion to their effects on mean airway pressure 
(mPaw)

• The injured lung has a reduced capacity to accommodate flowing blood and increases in blood flow accentuate fluid 
filtration. 

• The dynamics of vascular pressure may contribute to VILI

• In order to optimize perfusion, improve gas exchange, and minimize VILI risk, MONITORING HEMODYNAMICS IS 
IMPORTANT

Intensive Care Med (2016) 42:739–749 DOI 

10.1007/s00134-016-4326-3
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• In passively ventilated patients in shock, 
monitoring signals linked to the tidal cycle and 
ventricular loading help predict preload and 
afterload dependence of the right ventricle.

• Interventions directed toward improving 
compensation of the compromised RV include 
reduction of unnecessary systemic oxygen 
demand, optimized fluid resuscitation, appropriate 
lung recruitment, prone positioning, avoidance of 
acidosis, maintenance of oxygenation, and well-
selected pharmacologic agents. 

• (cont. next slide)

• In severe cases, varied options for extracorporeal gas 
exchange can be deployed to reduce ventilatory and 
cardiac workloads while compensating for impaired 
oxygenation. Once shock is resolved, a fluid 
conservative protocol may reduce the duration of 
positive pressure ventilation. 

• Successfully managing the complex hemodynamics of 
the ventilated patient with ARDS is key to patient 
survival. Doing so in this setting requires guidance 
from a deep understanding of the underlying principles 
of cardiopulmonary physiology, rendering it difficult to 
enumerate definitive, specific, and universally 
applicable guidelines. 
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• …..lung recruitment also permits a decrease in atelectrauma, 
reduction in the transpulmonary driving pressure, and increase in lung 
compliance. Hence, prone positioning may limit the mechanical power 
and might thus prevent ventilator-induced lung injury (VILI). In addition 
to the effects on oxygenation and respiratory mechanics, prone 
positioning induces some hemodynamic effects, which may also be 
beneficial. In this article, we review how prone positioning can exert 
those favorable cardiovascular effects. Moreover, prone position 
sessions are at least 16h long, and even sometimes extended up to 
39h. During such a long time of period, the question of administering 
fluid therapy may arise. This paper explores how preload 
responsiveness could be detected to guide fluid therapy in patients in 
the prone position.

Lai et al. Critical Care (2023) 27:98 

https://doi.org/10.1186/s13054-023-04369-x

• Prone positioning increases the intra-abdominal 
pressure (IAP)  This may cause two distinct effects on 
venous return. On the one hand, prone positioning 
increases Pms (mean systemic pressure) and central 
venous pressure (CVP) to a lesser extent, resulting in 
an increase in the pressure gradient of venous return 
These effects are due to lowering the trunk from the 
semi-recumbent position to the strict supine horizontal 
position, secondary to a passive shift of blood from the 
splanchnic compartment to the heart, as occurs during 
passive leg raising; and to transferring the patient from 
the strict supine to the prone position, an effect that is 
predominant. 

(Splanchnic is usually used to describe organs in the 
abdominal cavity)
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• In ARDS, RV dysfunction is not rare with a prevalence of 10 to 30% in 
large observational studies. Severe RV dysfunction is associated with 
an increase in mortality. 

• The cause of RV dysfunction is the increase in RV afterload secondary 
to an increase in PVR.

• PVR increase can be due to hypoxic vasoconstriction, inflammatory 
mediators, microthrombi formation, or hemodynamic effects of mech. 
ventilation.

Regarding the ventilator:
Tidal volume at each insufflation with the addition 
of PEEP over the entire ventilator cycle increases 
the lung volume.

This may increase PVT by compressing intra-
alveolar vessels and the proportion of lung West 
zones 2, where the alveolar pressure is higher 
than the pulmonary venous pressure 

Prone positioning can improve arterial 
oxygenation, which in return decreases hypoxic 
vasoconstriction.

It also allows recruitment of vertebral parts of the 
lungs, resulting in a more homogenous alveoli 
aeration 

Hemodynamic Implications 
of Prone Positioning 
in Patients with ARDS
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Hemodynamic Implications of Prone 
Positioning in Patients with ARDS

Detecting fluid responsiveness in Patients 
in the Prone Position-

The risk/benefit ratio of fluid therapy 
should thus be carefully evaluated before 
any fluid administration, and it is 
therefore essential to assess preload 
responsiveness . In this regard, several 
dynamic indices or tests can be 
performed. These can be used in the 
prone position during ARDS

Trendelenburg Maneuver – Passive leg 
raise

End-Expiratory Occlusion Test

Pulse Pressure Variation

Tidal Volume Challenge

Mini Fluid Challenge
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In Conclusion

• Respiratory Therapist need to have a strong understand of the 
relationship between mechanical ventilation and hemodynamics in 
the critically ill patient

• Most ICU monitors display data that causes us to act reactively to 
situations and not proactively

• Monitoring Hemodynamic values gives the clinicians an opportunity to 
react in a proactive manner that is proven to improve mortality rates in 
our ICU patients

• More research needs to be done to determine the best ways to both 
monitor and effectively treat our patients

Time for Questions!
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