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Ventilator Blues

EXILE ON MAIN STREET, 1972
THIS “EXILE” STOMPER
takes its name from the base-

2 2 ment in Nellcote, where it was
recorded. “It was divided into a series
of bunkers,” Richards said. “INot a great
deal of ventilation.” The only Stones song
on which Taylor received a co-writing
credit, it digs deep into their blues roots.

But the Stones sound more like dirty
scavengers than reverent revivalists.




OBJECTIVES

* Look at ventilator graphics.

* Analyze normal and abnormal ventilator
wavetforms

e Discuss abnormal waveforms and detect
asynchronies

* Implications of asynchronies with a literature
review.
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What mode is this..?
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- 5 basic breath types

Breath

VA
VC
PA
PC

PS

Trigger Target
Pt Inspir flow
Vent Inspir flow
Pt insp P
Vent insp P
Pt insp P

> ON
ENTILATION

Termination /
cycle

Set Vit
Set Vit
Insp time
Insp time

% decrease
inspir flow



Pre—-Requisite Checklist

* Make sure tubing/circuit is checked
* Check the flow meter
* Oxygen calibration

* Inline suction, nebulizer and capnography etc.



ASYNCHRONIES

* Mismatch between the patients (neuronal

inspiratory/expiratory) and ventilator expiratory and
inspiratory times and drives.

* Important to recognize the correct clinical context.

* Treatment has been shown to decrease sedation requirements,
and decrease days of mechanical ventilation and one study
showed a short-term mortality benefit.
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Patient Ventilator Asynchrony

* Under-recognized problem- Up to 93% patients have
some form of asynchrony.

* Studlies have shown that when the asynchrony 1ndex
>10% then there 1s an i1ncreased need for sedation.

* Studies show that most clinicians readily miss
asynchronies



TRIGGER ASYNCHRONY

Most common type of asynchronies.

The trigger 1s the wvariable that 1s manipulated to deliver
the flow/ pressure

Two types of triggers, flow/pressure.

Look at the trigger settings-enough so they don’t have
missed trigger but not too much so that they don’t trigger.



Ineffective Triggering

* Causes of Ineffective Triggering

- High Intrinsic PEEP - Muscle Weakness (steroids/paralytics)

- Oversedation - Trigger settings

* Tnappropriate Triggering
- Autotriggering falls under this category

- Causes 1include Shivering, Cardiac Oscillations, Hiccups and Condensation

* Some clues to diagnosis will be
- Look at the preceding tidal volume

- Look at the preceding expiratory volume
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NOT AN ASYNCHRONY- REDUCING PEEP
SMOOTHENS THE WAVEFORM



Treating Trigger Dysynchrony

* If there 1s i1neffective triggering, find out the
cause.

If due to High Intrinsic PEEP

1) Extrinsic PEEP 2) Increase Expiratory Time 3) Bronchodilators

* ITf due to Respiratory Muscle Weakness, check
NIF (decrease threshold)

* If autotriggering then detect and treat underlying
problem

e Some newer modes like NAVA.






Reverse Triliggering

* Any Guesses to what this 1s..7?7?

Ventilator Insufflations during passive lung
inflation triggers diaphragmatic contractions at
the end of inspiration

First breath in a reverse triggering event is a
ventilator programmed breath not triggered by
patient



Reverse Triliggering

* Believed to be oversedation and overdistension

* Stretch receptors in the lungs are stimulated

e Reduce sedation



Flow vs Pressure Triggers

Effects of Flow Triggering on Breathing Effort During
Partial Ventilatory Support

PIERRE ASLANIAN, SOUHAIL EL ATROUS, DANIEL ISABEY, ELISABETH VALENTE. DANIELLA CORSI,
ALAIN HARF, FRANCOIS LEMAIRE, and LAURENT BROCHARD

Medical Intensive Care Unit and INSERM U296, Paris Xl University, Hopital Henri Mondor, Assistance Publique—H&pitaux de Paris,
Créteil, France

The effects of flow triggering (FT) as compared with pressure triggering (PT) on breathing effort '

have been the focus of several studies, and discrepant results have been reported. In the initial part NOT trans lated lnto
of our study, a lung model was used to quantify triggering effort (airway pressure—time product, : : :

PTPaw) for a range of sensitivity settings in nine new-generation ventilators. A ventilator providing S1 gfl 1 fl Ca‘nt

both FT and PT was then used to compare these systems during pressure-support (P5V) and volume- - .

targeted assist-control ventilation (ACV) in eight ventilator-dependent patients, using sensitivity set- dl f fe rences 1n

tings (2 Limin for FT and —2 em H;0 for PT) that had proven significantly different in the initial bench pat l ent Out comes

study. Indexes of effort included the esophageal and transdiaphragmatic pressure—time products and
inspiratory work of breathing per minute (PTPes/min, PTPdi/min, and Wi/min, respectively). The ex-
perimental study revealed significant differences between ventilators in PTPaw at commonly used
settings. In two of three ventilators featuring both systems, PTPaw was significantly lower with FT
than PT (p = 0.001). In the clinical study, FT as compared with PT, was associated with reductions in
all indexes of breathing effort during P5V: 16 = 6% (p < 0.001), 13 = 10% (p < 0.01), and 14 + 12%
(p = 0.05) for PTPdi/min, PTPes/min, and Wi/min, respectively. By contrast, no differences were
found when FT was used during ACV. Although FT reduced triggering effort in both modes (p =
0.001), the effects observed during the post-trigger phase differed, and explained the discrepant re-
sults between the two modes. We conclude that FT more effectively reduces breathing effort when
used in conjunction with a pressure-targeted mode than with a volume-targeted mode, especially
when flow delivery is close to or below demand. Aslanian P, El Atrous 5, lsabey D, Valente E,
Corsi D, Harf A, Lemaire F, Brochard L. Effects of flow triggering on breathing effort during
partial ventilatory support. AM | RESPIR CRIT CARE MED 1998:157:135-143.
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FLOW ASYNCHRONY

* Simpler to understand- Primarily of two types.

* Look at pressure curve

44, A patient is receiving mechanical ventilation with volume assist-control ventilation {VACYV) but seems “air hungry”
during assisted breaths Ventilator graphics are shown in Figure 44- A What adjustment would be most beneficial?

A. Change to square wave flow.

Bl Change to pressure-targeted breath.
CI—l:rn'g'rl-rEn—rnspn—.rrorrrrrn'e—l i i ~

D. Add PEEPR




Understanding Flow Asynchrony

* If the curve 1s shifted downward, especially during the
inspliratory rise phase.

- It means patient 1s air hungry, so treat by 1ncreasing
inspiratory flow/volume or switch to a pressure mode.

—If the curve 1s shifted upward (more common 1n pressure
mode) then consider switching to volume mode or adjust
the rise.



Cycling Asynchrony
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Understanding what cycles a
vent..?

e Tn Assist Control- Volume: It 1s the volume.

e Tn Assist Control- Pressure: It 1s time.

* In Pressure Support: It 1s the trigger
threshold usually set at 25% of the peak
insplratory flow.



Premature Cycling

e Ventilator T1 1s too short relative to Patient
T1

* How to Treat this
—Increase Tidal wvolume
—-Increase T1(If pressure control mode)

-I1f pressure support(increase pressure support
or lower the cycling off threshold)



Cycling Off 1n Pressure Support

Look at the graphic and see when he is
cycling off to. Make sure you see when
he 1s cycling off and adjust.



Food For Thought

* Patient 1s on Pressure Support and he 1s on
settings of 18/5 and therefore you are giving him
more tidal volume.

* Theoretically 1f you keep him on these settings and
don’t check his tidal volumes you can possibly
worsen his asynchrony.

* You can 1induce more diaphragmatic weakness—- so try
and reduce the pressure support as much as
possible.



Question...

* Can anybody tell me what other asynchrony can
premature cycling lead to..??

DOUBLE TRIGGERING!



Delayed Cycling

* The mechanical/ventilator Inspiratory time is
> than neuronal 1nsplratory time

* SO abrupt 1ncrease 1n pressure curve (like
mickey ears)



Delayed Cycling During Pressure
Support




FEffects of Delayed Cycling

Decrease lung emptying so potentially can
increase the intrinsic PEEP which can lead
to

-Trigger Delay/Ineffective triggering

-Missed Triggering

- Increased Resplratory Muscle Workload



Correcting Cycling Asynchrony

* Decrease

* Decrease

* TnCrease
Pressure

insplratory time- If Pressure control

Tidal Volume/flow in VC

the cycling threshold or decrease
support 1n PS mode



Bonus Points- What have I done
here..?7?

Paw high 05-07 16:48
(Ppsak 28

Pplat
(ChHO)

Checking for leak. Watch expiratory limb of
the volume curve.
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The Dreaded Literature Review ®

Patient-ventilator asynchrony during assisted
mechanical ventilation

Absiract Ofyecrive. The incidence,

pathophysiokogy, and consaquances
of patient-ventilator asynchrony
ars poaly Erown We assessed the
incidence of patient-ventilator asyn-
chrony doring assisted mechanical
ventilation and we adentified asso-
ciated fackors . Afeffroals. Siwty-twho
consacutive patients requoining me-
chanical vendilatson for oo than
24 h were inclodsad prospectively as
zoon as fhey foggered all venthilabor
reaths: assistocondrol venhilation
(AT im 11 amed peessure-suppoct
ventilation (PSW) in 51, Adeasire-
menis; Gross asynchrony detected
wisually on IO0-mdn reconlings of
flow and airway CESSOrs Was quan-
tified using an asynchooony indes
Resuls: Fifteen patisnts (24%) had
an asynchrony index greater than
107 of respirabory efforts. Inaffec-
tive trigoering amd dooble-trigoaring
wars the o main asyochrony pat-
tarns. Asymchrony existed during
both AC and PSW, wilh a median
number of episodes per patient of
T2 (range 13-215) vs. 1S (4—47T)

Introduction

An dmportant objective of assisted or patient-triggessd
mechanical wantilation iz w0 avodd  wantilator-inceced
diaphragraatic. dysfunction by allowing the patiznt fo

ate spontansons eforte [1,

2]. A seoond objectve inspitatb
iz 1o raduca the patiznt'z work of breathing by delivering
a safficiznt laval of ventilatooy support [3].
intuition zuggestz that a goood match betwsan patizof

in 30 min, reepectvaly =000,
Dronbla-tri gegaring Was nors Cornnom
during ACT than during PSS, tat o
differance was found for insffactive
tngeering. Insffactve trigoering
waz arsociated with a less sensitive
inspiratory trigeer, higher level of
prezzure suppodt (15 cmBx O, IOR
12— 1&, v=. 175, IOR 16200 higher
tidal volume, and higher pH. A high
incidence of asynchoony was also
azzociated writh a longer duration

of meachanical ventilation (7.5 days |
IR 3-20, vz, 255, I0OR .5-42.5].
Comclasions: One-fourth of patients
axhibit a high incideqes of asyn-
chrony during assizted wantilaHon.
Such a high incidencs iz associated
writh a prolongesd dutation of mech-
andcal ventilation. Patisnts with
frequant inaffactve trigeering may
racaivae axcaszive lavals of vantilatory

support.

Keywonds Idechanic al venhtilabon -
Patant-ventlator intaraction - Inef-
fective trgoering - Pressure-support
wantilaticon

ﬂl:lmtury afforts and wentilabor breaths optitnd mes patient
and reducses worlk of breathing, althongh this

Finally, asymchroo
Aoeong thess,

pcuﬂ:trarnains urrarifie=d [4]. Patient-wentilator asynchoooy
canbe defined as a rndam atch bebharean the patisnt and ven-
filator inspiratary and expiratory times [4, 5, &]. Althouagh
oy and &xpara
with most vantilatory mmodaz [T], savaral pattarns of major

v oaxist and can be sazily datectad by clinicians.
inaffective triggering occurs when the

delays are almcst inevitable



Methods

* 62 patients were prospectively monitored for
asynchrony.

* Qutcomes studied 1ncluded duration of mechanical
ventilation, tracheostomy and mortality.

* Noted asynchrony by inspecting continuous waveform
patterns.



Results

* Defined an asynchrony 1ndex of greater than
10%.

* The most notable asynchronies were i1neffective
triggering and double triggering.

Tabla2 Asynchrmony according o ventilattoy roode . lean 4+ stan-
dard deviton nurober of a=ynchrony per patient and per rodnute for
all patents. Cornpanson betseen patents ventlted o assist-contool
ventibton CACTE) versy s pressure—sup port ventilation (P51

ACV (k=111 PSVihk=511 g

A synchrondes 423+ 45 194+32.5 0.0
Ineffectve Mzsering 20+49 164327 028
Double-trdggenng 12423 0.14+04 0.01




Results—-Contd

Factors associliated with double triggering included
were worse hypoxia, AC as the mode, a high PEEP.

Factors with i1neffective triggering i1ncluded COPD,

alkalosis and the male sex. 1510

Tabled Companson of the : : =
oL : en, patients with m}ﬁmy index < 10% Ei.?q.:rrfrj,];mn].rmda;_ 0% p
and withowt 2 high prevalence of
Eynchmases(TERinteruartle  Doration of mechandcal 7 (3-200) 25 (52 0005
IEn g2 ventilation (days; IQR)
Dmuration of rechandcal 230499 13579 001
ventilation =7 days
Tracheostoroey 2 4% 3 (33 0007

Mortality 15 (328) 7 (478 0:36



Study#2

Kyo et al. j intensive care (202 1) 9:50

httpsy/doi.org/10.1186/540560-021-00565-5 JO urna I Of IntenSIve Ca re

RESEARCH Open Access

: : : ™
Patient—ventilator asynchrony, impact e

on clinical outcomes and effectiveness
of interventions: a systematic review
and meta-analysis

Michihito Kyo! @, Tatsutoshi Shimatani’, Koji Hosokawa?, Shunsuke Taito?=, Yuki Kataoka*=>%7,
Shinichiro Ohshimo! and Nobuaki Shime!

Abstract

Background: FPatient—ventilator asynchrony (PVA) is a common problem in patients undergoing invasive mechanical
ventilation (MV) in the intensive care unit (CU), and may accelerate lung injury and diaphragm mis-contraction. The
impact of PVA on clinical outcomes has not been systematically evaluated. Effective interventions (except for closed-
loop ventilation) for reducing PVA are not well established.

Methods: We performed a systematic review and meta-analysis to investigate the impact of PYA on clinical out-
comes in patients undergoing MV (Part A) and the effectiveness of interventions for patients undergoing MY except
for closed-loop ventilation (Part B). We searched the Cochrane Central Register of Controlled Trials, MEDLINE, EMBASE,
ClinicalTrials.gov, and WHO-ICTRP until August 2020, In Part A, we defined asynchrony index (Al) = 10 or ineffective
triggering index (ITN = 10 as high PVA. We compared patients having high PWVA with those having low PWA.

Results: Eight studies in Part A and eight trials in Part B fulfilled the eligibility criteria. In Part A, five studies were
related to the Al and three studies were related to the ITI. High PVA may be associated with longer duration of
mechanical ventilation (mean difference, 5.16 days; 95% confidence interval [Cl], 2.38 to 7.94; n=28; certainty of evi-
dence [CokEl, low), higher ICU mortality (odds ratio [OR], 2.73; 95% Cl 1.76 to 4.24; n = 6; CoE, low), and higher hospital
mortality (OR, 1.94; 95% Cl 1.14 to 3.30; n=5; CoE, low). In Part B, interventions involving MY mode, tidal volume, and
pressure-support level were associated with reduced PVA. Sedation protocol, sedation depth, and sedation with dex-
medetomidine rather than propofol were also associated with reduced PVA.




Conclusions

* May be associated with longer duration of
mechanical ventilation

* Higher ICU and hospital mortality

* Multiple confounding factors



Study 3

Patient-VWentilator Asynchronies: Clinical Implications and Practical
Solutions

Lucia Mimbella, Gilda Cimnnella, Roberta Costa, Andrea Corte giani, Livio Tullo, Michela Ranseo,
Giorgio Contl. and Cesare Grogorctti

T trodcd it iomn
Respiratory Physiology amnd MWMechanical Wiern gt o
A vnchroni es
Respiratory Dirive
Ventilatory ™Need
Mewral Inspiratory Tiome
Types of Asyoch ronics
Triggering Dwvelay
IncfTective Effort
A uto-Trigesering
Draoma Bele-T rigeering
Reve rse-Triggerings
Floww Asvovch ronw
Cwclimge Asynchronies
Clindcal Tmpl cations
Voentilator-Trnd peed D iaphragmatic Dws fomoction
D ifficwlt W oemn ings
Paticnt ID}Viscom fort and Cognitive Dhws foonction
IDF s prree-a
How to Monitor Asynchronies
Woiswal A nalysis
Esopbhuose al Pressore
EAu
D iaphragomatic T asoomond
A ntomatic Mietbods
Strategics to Improve Patient-Ventilator Interaction
Conventional Ventilator Support
Monconventional Ventlator Sapport
Sumrrmar v

Moechanical ventilation s a sapportive freatment commonly applicd in critically il patients.
Whenever the patient is spontancoasly breathing, the pressure applicd o the respirator v s vstem
depends on the sum of the pressoare generated by the respiratory moascles and the presswre gen-
crated by the ventilator. Patient-ventilator interaction is of otmost importance in s ponta eows Dy
breathing paticntds, and thas the ventilator shoald be able to adapt to patient’s changes in venti-
Tatory demand and respiratory moechanics. WMevertheless, a lack of coordination between patient
arnd ventilator due to a mismatch betweesn newral and ventilator timing: throsgboot the respira-
Lo v cvele may make weaning difficalt and lead to prolonged moechanical ventilation, T he refor e,



Ways to detect asynchrony
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* NG tubes with monitoring of diaphragmatic amplitude

* Diaphragmatic ultrasound

* Promising software that allows for real time
monltoring



Conclusions

* Look at the waveforms carefully during both mechanical
ventilation and weaning to look for asynchrony.

* Reducing asynchrony can definitively decrease the need
for sedation. Address that before adjusting sedation

* More RCTs are needed 1n this direction to assess
mortality etc.



Test Questions

There are 2
asynchronies 1n the
waveform here..find
them.




Take Home Points

* Recognize asynchronies and treat them rather than
Just sedation

* Understand asynchronies 1n conjunction with the
prhase of the respiratory cycle

* Consider esophageal probes 1f occurring frequently.

* Other wise between sedation boluses and restraints
the nurses will..






Thanks

* A special thanks to Jackilie- Tireless effort 1n

organizing all of this and also for bringing us to
Seaside!!

* To my fiancé Kelly for driving so I could snooze in the
car!

* And to my ass#$le dog Chipson- who makes everything a
little bit better






Questions..??
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