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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




Competencies Needed by Graduate Respiratory
Therapists in 2015 and Beyond

Thomas A Barnes, David D Gale, Robert M Kacmarek and Woody W Kageler
Respiratory Care May 2010, 55 (5) 601-616;

Descriptor Definition

A. Emergency Care 1. Perform basic life suppon (BLS), advanced candiovascular life suppont (ACLS), pediatric advanced life support (PALS),
and meonatal resuscitation program (NRP) according 10 American Hean Association (AHA) guidelines.

2, Maintain current AHA certification in BLS and ACLS.

3. Perform endotracheal intubation.

4. Perform as a memiber of the rapid response icam (medical emergency icam).

5. Participate in mass-casualty staffing 10 provide airway management, manual and mechanical ventilatory life suppon,
medical gas administration, acrosol delivery of bronchodilators and other agents in the wsuscitation of respiratory and
cardiovascular failure.

Provide intra-hospital transport of critically and chronically ill patients, provide cardiopulmonary life support and airway

control during transpor.

Apply knowledge of emergency and ability w0 wse of

Apply 1o practice knowledpe, understanding, and analysis of invasive and noninvasive mechanical ventilators.

Apply to practice all ventilation modes curreatly available on all invasive and noninvasive mechanical ventilators, as well
Lo b oo ol modes

>

B. Critical Care

o=

Interpret ventilator data and hemodynamic monitoring data, and calibrate monitoring devices. I

e L
Make treatment recommendations based on waveform graphics, pulmonary mechanics, and related imaging studies.
Apply knowledge, understanding. and analysis of use of therapeutic medical gases in the treatment of critically ill patients.
Apply knowledge and understanding of circulatory gas exchange devices 10 respiratory therapy practice.
Pasticipatc in ive care based on evidence-based protocols.
Deliver therapeutic interventions based on protogal.,
Integrate the delivery of basic amd/or advanced therapies in conjunction with or without the mechanical ventilator in the
e of coitically il parien
11, Make recommendations and provide treatment o critically ill paticnts based on pathophysiology.
12. Recommend cardiovascular drugs based on knowledge and understanding of pharmacologic action.
13, Use electronic data systems in practice.

Semuomg

* Upon erury into the werkfuwe, 3 praduate sespiraery therapist st possess al] of theee: compeiencies.
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Respiratory Therapists 2015 and Beyon

|

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. Problemsolving skills, which are needed to calibrate, operate,
and troubleshoot complex technology




Respiratory Therapists 2015 and Beyond
|
» Broad knowledge of various approaches to monitoring, which includes:
* Laboratory values
* Xray interpretation
* CT Scans

* MRI

* Bedsi onitoring data

* Must be proficient in the monitoring of hemodynamics and must
be able to evaluate pressures, flows and volumes
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Respiratory Therapists 2015 and Beyond

* Inthe ICURT'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. Thisalso includesinhaled
gases.

* We should also be aware of all sedatives being
used on our ICUPatlents or ancillary
administration of drugs.




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
Cco

Cl

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

Protective sheath

Protective
sheath

Introducer §
side ports

Introducer hub

Introducer shaft
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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
* |notropes

* Chronotropes

wolurme 128, Issue 5, Supplement 2, Nowvember 2005, Pages 5925-5975

Cardiovascular Issues in Respiratory Care

Pinsky Michael R. MD, FCCP ° 9 =

Show more  ~~ : CH ESTV
=

+ Add to Mendeley =2 Share s Cite

V{"l]l'ﬂ:l[:iﬂll can profoundly alter cardiovascular
function via complex, conflicting, and often op-
posite processes. These processes reflect the inter-
action between myocardial reserve, ventricular
pump function, circulating blood volume, blood flow
distribumtion, antonomic tone, 1-1|1t]m:rinu::]ugit' re-
SpOnses, luug volume, intrathoracic pressure (ITF),
and the surrounding pressures for the remainder of
the circulation. Clearly, the final response to venti-
lutory stress is dependent on the haseline cardiovas-
cular state of the subject.
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Cardiovascular Issues in
Respiratory Care

I
. Hemodynamic effects of ventilation grouped under four
clinically relevant concepts

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

¢ 2.Changesin lung volume alter autonomic tone and
PVR. High lung volumes compress the heart. )
H‘y;perln lation also increases PVR and PAP impeding
RV ejection. Low lung volumes induce alveolar collapse
and ytpOX|a stimulating pulmonary vasoconstriction.
Recruitment maneuvers, PEEP and CPAP may reverse
vasoconstriction and lower PAP.

13

» 3. Spontaneous inspiration and efforts

Cardiovascular Issues in
Respiratory Care

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.

14
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Cardiovascular Issues in
Respiratory Care

* 4. PPVincreases 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
willaugment LV ejection, increased cardiac
output, and reduce myocardial myocardial oxygen
demand.

15

CHEST Postgraduate Education Corner

CONTEMPORARY REVIEWS IN CRITICAL CARE MEDICINE

Hemodynamic Evaluation and
Monitoring in the ICU*

Michael R Pinsky. MD, FCCP

* 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
rq(%hetr_serve as automated VS signals to trigger further
attention.

¢ Itis hard then to validate the utility of monitoring when
it is used in this fashion because no hemodynamic
monitoring device will improve outcomes unless
coupledto a treatment that itself improves outcomes.

16
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Hemodynamic Evaluation
and Monitoring in the ICU

. bstru |ve shock representsa blocka oge of blgod flow
- embolus, hyperinflation, tampona L-aortic
sten05|s or dlssectlnganeurysm

* R. Ventrlcularoutfl w obstruction (pulmonary
embolism, hyperin ato?

* Tamponade (pericardial effusion, hyperinflation)

* L, Ventricular outflow obstruction (aortic stenosis,
dissecting aortic aneurysm)

. Specmcflndln scan be mor?subtle butinclude
reased LV diastolic compliance, signs of core
pu monale, tricuspid regurgjtation.
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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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Effects of ABCDE Bundle on Hemodynamics in
Patients on Mechanical Ventilation

nnnnn 1 Xiao-Li Ren*

* 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 (TO) and at 1d
(T1)3d(T3)5d (T5)and 7 d (T7) after implementation of the 2
strategies

20

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 ,

3/25/2024
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Effects of ABCDE Bundle
on Hemodynamics

Table 1. Comparison of general data between two groups (X&s).

Gender (M/F) APACHE Il scores

Pre-ABCDE bundle group 62.26+9.8 34736 2054449
postaBCDEBundle  eooosiis a0 mgssss
e B S L
Pwalue 0.305 0.485 0.158

® Fualue; " X value,

Table 2. Comparisen of hemodynamics indexes before intervention between two groups (Fs).

Groups MAP cvp HR Pa0,/Fi0,
Pre-ABCDE bundle group 716473 BO4:27 105.3129.0 166.60+17.3
Post-ABCDE bundle Cimasss | rew21 iossssos | dsnaears

e e e e e e
Palue 0514 0363 0415 0.792

21
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Effects of ABCDE Bundle on
Hemodynamics

Tabl . Comparison o hemodynanics ndees belore it beneenty

broiips MAP (e HR Pan.’Fil]l
Pre-ABC0E bundle group 116473 04422 10531440 166460173

Post-ABCOE bundla 184468 184421 106654104 16740£173

Fvalle 048 0834 0.668 0070

Puilue 0314 0363 0413 09

3/25/2024
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Effects of ABCDE Bundle
on Hemodynamics

Table 3. Dyramic changes of hemodynamics indexes in two groups (xis)

Groups Time i oL X
mHg) (emH,0) {bpm|
TO 776473 B04:27 105.3145.0 1666£173
Ti 79..;;5.5 ..... e ElgltZB 103.5047.1 16!.81165
Pre-ABCDE bundle group I3 BO.0+6.4" B37126° 102.7048.2" 171.31144"
15 821164 954:33° 9591+7.0% 21374313™

T 81la16.4™ 947332 9041465 227.3+253™

o 784168 784121 106.65110.4

i 80.319.5 Booz2e 105.09:8.7 17182172

Bundle group 13 BI647.7™ BI04 9B.46:7.3™

194.3+28.

841531

™ B1769™ B72:30M 257.0:390™

Compared with T0: *Pe0.05; compared with the pre-ABCDE bundie group: * P<0.05; compared with the post-ABCDE bundle group:
¥ PeD.0S; TD - before intervention; T1 ~ 1d after MV; T2 - 3d after MV; T5 - 5d after MV: T7 - 7d after MV,
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Effects of ABCDE Bundle
on Hemodynamics

Table 4. Comparison of the dose of sedatives and analgesics between two groups (e£s).

Sutentanil Pr—
Groups Total dose ilatuca doxa Total dose ioaia oo
(mg) (mg/kg-h) (mg) (mg/kg-h)
Pre-ABCOE bundle group 70 292.1458.6 2B67458.1 0.029+0.007
Post-ABCOE bundle 73 17081736 0.0184+0.009 164.6+70.4 0.017+0.009
Sl e s e ke —
};\I;L;.I;m o o 0.000 o ‘ﬂ,m; V 0.000 o mllm);r

Comparison between the pre-ABCDE bundle and post-ABCDE bundle groups: P<0.05;

Table 5. Comparison of delirium incidence, 28d survival, mechanical ventilation duration, and length of stay in ICU between
two groups (x+s).

Delirium 28 d survival
Mechanical ventilation  Length of stay in
Survival rate Survival rate duration iy

Pre-ABCDE bundle group 70 29 414 51 729 7.51+336 9.76+3.75

Post-ABCDE bundle 73 13 ; 64 o .E.';'J' 5.6723.03 o 1“47:“2.‘5‘3“ h
ns\.‘_m AR et it i Sy ..A;g‘.gu‘" i i “4‘,,‘;;5- i

Pyalue - 0.002 0028 ) u.oa“l-m o 0.000

* Tvalue; ** X value.

24
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Effects of ABCDE Bundle
on Hemodynamics

Conclusions

ABCDE bundle can significantly improve the hemodynamics
indicators of patients on mechanical ventilation, reduce the
dose of the sedatives and analgesics used, and keep the he-
modynamics indicators, including MAP, CVP, and HR, at lev-
els beneficial to patients. Finally, according to the patients' re-
sponse, ABCDE bundle could achieve the optimal therapeutic
ends. Based on satisfying the volume state of the tissue per-
fusion, the ABCDE bundle is not only beneficial to the venous
return, cardiac work, but also could protect the other organs,
all of which could increase the oxygenation index and improve
the circulatory funmction.

Therefore, application of the hemodynamics therapy mediat-
ed targeted therapy strategy is the crucial factor for improv-
ing the outcomes of the patients.

25
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Experts’ opinion on management
of hemodynamics in ARDS patients: focus
on the effects of mechanical ventilation

A Vieillard-Baron ', M. Matthay®, 1. L Teboul®, T. Bein’, M. Schultz®, 5. Magder"‘ and J_J. Marini'®

« ARDS is frequently associated with hemodynamic instability which appears as the main factor associated with
mortality.

« 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)

« Theinjured 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

3/25/2024
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Experts’opinion on management
of hemodynamics in ARDS patients: focus
on the effects of mechanical ventilation

RELATIVE, ABSOLUTE
HYPOVOLEMIA

HEMODYNAMIC FAILURE

RV OVERLOAD

~ NO

R hismcdy namic ffect of My
fconsider norepinephiine)

Non-dilated RV
SVC respiratary varistions
Low CVP
- small Ve

Dilated RV +/- ACP
Ne SVC respiratory variations
Elevated OVP

- Large Ve

<DISCUSS FLUID EXPANSION
{benefitsfrisks balance]

ing of pulse pressure varia
vena ¢

wvena cava, IV inferi

Fig. 1 Management of hernadynamic &
3n (PP, #V rightt ventricle, SKC superior

acute cor pulmonale, Pplateou

MO FLUID EXPANSION
-MOREPINEPHRINE

-RESPIRATORY SETTINGS ADAFTATION
{Driving pressure, Ppiateau, PEEP?)
-LIMIT HYPERCAPHN 1A

-PRONE POSITIONT

ilure based on the monitor

central verous pressure, ACP
teall pressure
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Experts’ opinion on management
of hemodynamics in ARDS patients: focus
on the effects of mechanical ventilation

moderate/severe ARDS
Pa0,/FIO, Ig#
<150

begin <7 days

Pa0,/FIO,
<7023 h
<10026h

-MAP 2 65 mmHg

=V, = 6 mifkg/PBW -Echo:
-PEEP212cmH,0 }—) SPAP > 40 mmHg,
acute cor pulmonale

- prone position \ Pa0,/FIO,>70
- neuromuscular blockade -pH<7.2026h
P, >28cmH,026h NOR < 0.5 ug/kg/min
Monitoring: I:‘ ':
oni 3
-MAP, ECMO-flow, Echo i n.su',u_:lk&‘:::
-pulse contour analysis (?) H-savers prsfimction
-daily fluid balance
-5v0,, lactate Consider®
A
avoid avoid
hypovalemia: hypervolemia:
-cannula chatter -lung edema
-NOR T -prognosis J-

h
e _‘THw{CMtﬂ | va-ECMO

Fig. 3 Fropased slgarithm regarding indh A and hemodynamic management during ECMO/ES
ARDS at sk of b ave 1o be cautioned that this aigarithm was nat pres
tory plateau pi re, NOR norepinephiine, Sv0; central venous okygen sa
text, this is currently nat evidence-based data

ion. Astevisk s re-emphasizad in
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Experts’ opinion on management
of hemodynamics in ARDS patients: focus
on the effects of mechanical ventilation

* 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. nextslide)

29

Experts’ opinion on management
of hemodynamics in ARDS patients: focus
on the effects of mechanical ventilation

* 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 comé)_lex hemodynamics of
the ventilated patient with ARDS is key to patient
survival. Doingso in thls_settln%reqwres guidance
from a deep understanding of the und_erly_|n§_p|j|n0|ples
of cardiopulmonary physiology, rendering it difficult to
enumerate definitive, specific, and universally
applicable guidelines.

30

3/25/2024
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Hemodynamic Implications of Prone
Positioning in Patients with ARDS

Christopher Lai", Xavier Monnet and Jean-Louis Teboul

LI 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/s13054-023-04369x

3/25/2024

Hemodynamic Implications of Prone
Positioning in Patients with ARDS

Christopher Lai", Xavier Monnet and Jean-Louis Teboul

* 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, resultingin
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 effectthatis
predominant.

(Splanchnicis usually used to describe organs in the
abdominal cavity)

32
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Hemodynamic Implications of Prone
Positioning in Patients with ARDS

Christopher Lai’, Xavier Monnet and Jean-Louis Teboul

* 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.

S
>

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

Hemodynamic Implications
of Prone Positioning
in Patients with ARDS

3/25/2024
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Hemodynamic Implications of Prone
Positioning in Patients with ARDS

Christopher Lai’, Xavier Monnet and Jean-Louis Teboul

(] Recruitment "‘ Overdistension
Pulmonary
vascular ~
resistance - =
telectasis A

Fig. 2 Relationship between lung volume and pulmanary vascular resistance. FAC funcfional esidual capacity, AV residual volume, 1€ total lung

capacity

Lungvolume
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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

36
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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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