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EMT  cmergeney medical techmician, NM o New Mosicd Ok __aloght QR quich reference SpO: pulse oximet
WTI  what the
logs Y
A Personal Intro st At
/alol +
There are }o@ of good reasons why I thought it’d be good to put together a primer on vent management,
but the main one is that my first vent experience was a near-disaster and I’d like to share what I’ve learned since
then so that others can avoid what I had to go through. I also think there’s some room for diversity in how we,
as an industry, present material to each other and move forward with our understanding of compllcated things.

hope is that this interactive style of writing can be of help to some folks and maybe inspire others
to do the same and build on the whole idea, - % oy pwblde sel)-dud.00

But to start with the awful beginning story: 1 was brand new to an ambulance service in rural New
Mexico, having moved from Pittsburgh about two years after | ﬁr t t my medic. Iwas still green but felt like
I had gotten a lot of experience b &k‘m the cnty and was maybc;, ove -confident. Anywa)é [ starge 2 this
service in mid-November and t8 c4ll Ldid was the day after Thanksgivin ;dH-md basically just afrived in
NM and gotten settled in to the second EMS service I had ever been given medical control at. Things were
different for sure. Five- and ten-minute transport times had been replaced by ones much longer in our 5,000
square mile coverage area, the ambulances were giant machines that could be rigged to carry three patients each
and would never have made it in the city alleys, and protocols/ capabilities were a lot more lenient and included
vents, surgical crics, hiking in to patients broken in the woods - that sort of thing that this city boy just hadn’t
done before. /

Oh, and also two-patient interfacility transfers. Our fldgship hospital was in Albuquerque, one hundred
and eighty miles or two and a half hours away by bus, so it was hugely advantageous to load two patients in on
a single truck to avoid and extra six-ish hours of that second truck being gone from the service area. So when |
was asked if I was OK with a vent patient and a psych pat:ent going up to Albuquerque at the same time I didn’t
say no and we started getting things together. Part of that prep process was another guy showing this guy how
to use the LTV1200, as I hadn’t gotten to that part in my orientation and didn’t yet have the confidence to say
“no” to things I wasn’t comfortable with or ready for./

My five-minute vent lesson was subpar, to say the least, and then I was off to the big city with the vent
guy on the stretcher and the psych guy on the bench{ seat, two EMTs up front just in case I needed anything.

My first action when the vent started beeping was/to press that handy silence button — per the lesson I had
received on the machine’s operation. When that/didn’t work I figure it might be because the patient wasn’t
listening to the vent settings we had dialed in before leaving, so I paralyzed him — also per the lesson I had
received. And that worked for a little while. Then I started getting more alarms and a low sat, so I did what all
good medics do and disconnected the vent, grabbed my BVM and had the EMTs up front pull over so that one
of them could hop in the back and give me a hand.

Sats stayed low, the alarms were yellmg at me, the EMT was hkeg# bro, get it together,” and [
didn’t know what to do, so I turned the vént off, pulled the tube out and s over from the very beginning
with BLS airways and the BVM. So that happened and we had the a1rway secured, sats came up and then |
handed the bag off to the EMT and set/my sights on restarting this vent machine the way I had been taught just
a little while ago. It was during this process that I realized my connectjons from the machine to the circuit had
come undone. I must have stepped on them or something during the shuffle... Nowadays I would have simply
looked at which alarm I was getting and worked through a systematic process for addressing that alarm. The
whole fiasco would have been avoided. But back then I didn’t knofv a single thing about vents, to include that
the text on the screen was relevant to getting the alarm to stop. Other than what I learned in my short pre-trip
lesson. :
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BLS - basic lile support. BV M - bag valve mash. DVD \11gll.’|| versatile disk. EtCO; - end-udal carbon droxide

And that’s just part of the story. One other part, don’t forget, is that guy on the bench seat \{vatching the
whole damn thing and me hoping he stays cool enough that I don’t have to try and manage two patients
simultaneously. And another part is that even though 1 finally did get that alarm situation sorted, | S(l]l. had
trouble managing my vent settings. 1 couldn’t maximize my SpO2 or keep my EtCO; in range, my patient
would get super agitated every time the Vec wore off, etc.... Sol returned back to small town New Mexico late
on the day after Thanksgiving, year 2012, and decided then and there that I was never, ever, going to be in that
situation again.

My initial study list looked something like this:

¥y E’% E The Ventilator Book by William Owens
5

kuP/r li’l‘ Y
‘W’S(
J % The LTV1200 Product Manual (and the DVDs)
=
\"L,\A /
J ‘\e]du "'\,,,' \\’Lz \{3[\‘6

3

Sae EMCrit Dominating the Vent Series

I later came across many other great resources and I will mention those as we get to them. And also, I
got on the technology train. Which I think is a huge facilitator of learning when used in the right way and 1
hope that this little experiment can demonstrate that. If you have the print version of this badboy you can just
scan the QR codes for any of the references to access them (if available for free) or to see where you can
purchase them (if they want your money); if you have an electronic version, just click the links. And if you
have a version where the links don’t work because it isn’t legit, that’s cool too: go here' to get it all free and
official.

So now let’s jump into the weeds and see where we end up. Keep in mind that this is to be an ongoing
project and my first foray into this type of thing —so if you have feedback, just send it my way and offer either
to lend a hand or a valid suggestion. I’d love to get more folks involved in this and make it both better and
more accessible for all involved :) 1 36
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i 5 Jyressure ventiiation
wWl-expiratory pressure PPV - positive presst ¢
re of osveen

0 t‘\\;_‘\.‘IT.Ul\' alnght, PEEP - posive ¢l
PO, parhial pressuie

PCO:  parual pressure of carbon diovide

Some Very Basic Physiology

[ i I
d only to give a foundation for the fundamental
d details beyond this (much of which
nd Physiology

As a disclaimer, the stuff outlined here is intende
concepts of vent management. One recommendation for looking into the
comes up later when we talk about specific conditions) is a good, solid, heavy Anatomy a
textbook or any of the references listed at the very end.’

The Normal Breathing Process
Let’s start with a picture of what major components we are working with in normal inhalation and
exhalation. At its most basic we have the lungs and the large airways:

3

We also have the chest cavity and the diaphragm:

N

2 See Suggestions for Further Study
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ARDS  acute respiratons distress svndrome: AOK - all good: emHO — centimeters of watel CO  cardiac outpu
L liter: mmHg  nullimeters of mercurny

It’s OK to consider the lungs to be attached to the chest cav1ty and diaphragm so that when the
diaphragm contracts or flattens, the lungs expand — this sucks air into the plural space via a negative pressure:’

Inhalation exhalation
active process passive process
contraction of diaphragm relaxation of all the
(and intercostals) things

Whi\\?\/ o ! \ / \ \
A \\l\‘\

/\

Inside this same cavity lie the heart and great vessels (and most importantly to our discussion, the
inferior vena cava):

+) N+ = SO0

: LT~y

So now we have a system that normally functions by contraction of the diaphragm (with or without help
from the intercostal muscles) to create a negative pressure, sucking of air into the lungs. Because this air
movement occurs via a negative pressure, blood return via the inferior vena cava is facilitated by normal
ventilation* — this will be important when we move on to talk about positive-pressure ventilation in justa
minute.

:Thls assumption mostly holds true for our need in the transport setting, so we won't take it much further than that here
Azizov. 2017 - Video that explains how this mechanism works




Rykerr Medical’s Vent Management Guide

0. oxveen, OK alright, PEEP
PCO,

positive end-expiratory pressure. PPY - positive pressure ventiiation

partial pressure of carbon diovide: PO» partial pressure of vy eer

From there we need to zoom in and take a look inside the lung tissue. The image below shows blood

encircling little sacs, known as alveol; which ar
_ ; s e the homestay of pulmonary gas exchange where
oxygen (O2) goes into the blood and carbon dioxide (COz) goes out:’

vessels

Dooxygenated blood from
pulmonary artery

Oxygenaled blood 1o
pulmonary vein

Respiratory bronchiole

Alveclus

Capililaries

A simplified version of a single alveoli with a corresponding blood supply can help us understand the
¥patho)physiology of different situations:

1

5/-1: {hs *bl"od’ 4’
i B
¥

N J

S0

- blood 2 w /

%

S Betis & friends. 2013 (image] — This image is from a free online textbook
]
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ARDS  acute respirtons distiess syndrome: AOK - all good: emH0 - centimcters ol water, €O - ¢ rdiac outpt

L hier. mmllg  nullimeters of mercun

Next, let’s add some numbers to that graphic of a single alveoli and its blood supply.® Note that in real
life blood is continually moving past the alveoli and gases are constantly shifting to reach equilibrium, so that as
COsz is offloaded and O; is onloaded, there is a new supply of blood and a reset of the gradients across that
membrane. Plus L}s diffusion of gasses from alveoli to pulmonary capillaries happens very quickly, so we
generally aren’t w/oi'ried about this timeframe being the limiting factor in this process:’

\f
ambient air = 760mmH
PO, = 160mmHg b
PCO, = 0.3mmHg [ at the alveoli: AP )
PO, = 100mmHg
PCO, = 40mmHg

S . pulmonary capillaries:
St PO, = 40mmHg

PCO, =45mmHg ./

because there is an open system between the ambient air and the alveoli,
the overall pressure at the alveoli is also 760mmHg, however the partial
pressures of the components are different along the way

A\r/‘{w’ﬂ’ ¢z . _

It’s also worth mentioning that t!ﬁ;ge(/5 préssure gradient or difference from alveoli to capillary is drastically
different when comparing ©xt0-€6;; O has a pressure difference of about 60mmHg, COz has one of just SmmHg.
While this may seem, at first glance; to put the body at risk of some sort of imbalance, CO2 moves more easily
through liquids, and thus the membrane between capillary and alveoli, (roughly twenty times so) and the net result
is that O, and CO; exchange at about the same rate.
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¢ Betts & friends. 2013 — They give all these values except for PO, at the alveoli; that one is cited as 104mmHg, but we calculated it
out in the Appendix and use the calculated value to maintain consistency throughout this text

7 Speller. 2018 — Outlines how both O; and CO; diffuse in the pulmonary system in the context of\gas laws; do note, however, that
certain states can slow this process down (and we’ll get to those later on!) /
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PCO:  partial pressure of carbon diovide: PO,

vartil pressure ol oxyeer
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How is Positive-Pressure Ventilation Different? J
';/'r - .
- I_\Iow we need to consider what happens when we bypass the whole negative pressure mechanism for
ventilation and instead opt for a positive-pressure approach.® Let’s start at the top/with the basic sketch of
airways and lungs superimposed on the chest wall and diaphragm. When we ventilate by positive-pressure
yennlation (PPV) we have to physically displace the diaphragm and chest wall while simultaneously pushing air
into the system — this requires a lot more pressure that we needed for that negative pressure, spontaneous

mechanism:

exhalation

passive process
relaxation of all the things

N\ ZAJUN

™

We will get to airway pressures and limits for them later on, but a normal plateau pressure (which
reflects the average alveolar pressure in positive-pressure ventilation) is in the range of 15-25¢cmH20; compare

this to the pressures represented in the following illustration:’
Volume of breath

intrapulmonary pressure = alveolar pressure
range is -1 to +1mmHg (or-1.4 10 +1.4cmH,0)

Volume (L)
o

7 i
H L
i S |

-4

e

— Intrapleural i| / g
pressure .
WS range is -2 0 -6mmHg (0r-24 10 -8.2cmH;0)

Pressure relative to

8 This assumes that the patient is not contributing to this effort of breathing; to say it another way, this description is accurate for the
patient who is not making any respiratory effort or is out of synch with mechanical efforts — in reality we can synch patient effort to
machine effort to minimize the differences and effects discussed in this section (more on this in Comfort)

9 Kahathuduwa, 2013 (image) — Two things: we’ll talk about the mmHg and emH;0 conundrum at the end of the next section (in
Measuring Pressures); alveolar pressure is the most relevant to our discussion for now, the concepts of transpulmonary pressure and

intrapleural pressures are deferred here /
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ARDS - cure respitatony distress syndrome. AOK  all good. emH:0  centimeters ol water €O cardiae ol pul
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The biggest impact of that increased intrathoracic pressure is the effect it may have/on cardiac output
(CO). Increased intrathoracic pressure can decrease blood return to the heart via pressur /611 the vena cava,
resulting in decreased preload and, therefore, less output.'® Let’s represent it this way: K

Iy
\ (e = ( "f ’ﬂ\('
normal breathing positive pressure ventilation D) ))
-lmmHg (-1.4cmH,0) +15-25cmH,0 =7 |
blood return AOK blood return (potentially) compromised I L[] y

o] or (8 occ ¥ s mica
4 K e — ,}é,,)

‘may-still occur even if we have all the settings dialed in right!)
would be patient discomfort, muscle fatigue/ weakening,'' and physiologic changes to other body systems.'?
And then if we have things dialed in wrong on the machine or don"ﬁ;?ntilate appropriately based on patient
presentation, we can also cause things like direct injury to th / dlveoli and hypoventilation (leading to
hock). This is but a short list of the major things we’ll worsyﬁboé in this manual, just recognize that there is a

/| lot of potential for bad and that’s why we need to know how to manage the machine to the best of our collective

| ability and mitigate as many of these things as we can along the way.
We already saw how a pressure waveform might look over time with spontaneous, negative pressure

® \ breaths, so let’s see how it looks with a machine delivered breath. Note that there are different types of machine

delivered breaths in this diagram (plus some terms to discuss), and we haven’t yet gotten there; that’s totally
OK and we just want to point out some general trends here. Big takeaway: the left set of patterns (the normal)
looks nice and smooth, without any harsh changes or drastic swings in amplitude; all of the others have those
things we don’t want. Another thing is that the graphic representations of the types of breaths (i.e. each column
of the three towards the right) are each slightly different — sometimes one mode will be more comfortable for a

"%Strong. 2013; Mahmood & Pinsky. 2018 — Both this video and the article explain in more detail on how PPV (and particularly
PEEP, discussed later) can affect CO, especially with concurrent hypovolemia; while it isn’t always true that PPV decreases CO
(sometimes the opposite can occur), the PPV/ PEEP - decreased preload - decreased CO sequence of events is most relevant to us
in the transport setting

"' Tobin & friends. 2010 - Outlines the idea that we can mitigate this consequence by adjusting vent settings to require that the patient
make some intrinsic effort to breath; while their ending advice is to utilize an airway pressure waveform to monitor patient effort
(something we don’t routinely have in the transport setting), it still provides valuable insight on the whole concept

2 Yartsev. 2019 - In fact, navigate to “Respiratory System” header at the top of this page and then down to the section on “Physiology
of Positive Pressure Ventilation” fo?morc detail on all of this stuff
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certain patient m spite of trying to do all the other things we know how to do, simply because how that patient’s

body responds: '
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In an effort not to discourage anyone from ever putting a patient on a vent, there are advantages to PPV
and mechanical ventilation. Most obvious of these is that it allows us to breathe for a patient in a relatively
simple way when that patient is unable to do so on his or her own. More specifically, mechanical ventilation
allows us to control and direct recovery with specific pathologies (such as acidosis, asthma, and ARDS; all of
which we will discuss later on). Positive pressure can help move Oz into the bloodstream more easily,
managing ventilation can help that O get delivered more effectively, manipulating time spent at different parts
of the respiratory cycle can increase the amount of time that the body can participate in pulmonary respiration,
etc. There are lots of good uses of the ventilator and we will get to all of them in due time, so don’t worry if
that got to be too much for a moment and know that in spite of its drawbacks, mechanical ventilation and does

have its place in the cosmos.
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13 Fuller & friends. 2014 (image) — This this assessment of what the body wants in terms of smooth waveforms and avoidance of harsh
changes in amplitude is a subjective concept - it seems to make intuitive sense, but there may not be a good way to verify the idea
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Other Important Concepts W
Terms to Describe Breathing » f/
’:- rt"-/’

C Justto differentiate the words that collectively describe breathing, let’s chat about these-three terms.
Ventilation refers to the gross movement of air as the body breathes in and out. Oxv4enation refers to the
tion of O from the air outside of the body, through the respiratory and circulatory\ systems, and to the
capillaries where it can be picked up by tissues for use. Add lastly is respiration, which has two specific
flavers. Pulmonary respiration refers to the exchange of CO; and O; in the alveoli of the lungs; cellular
respiration refers to a comparable gas exchange at the tissues. To visualize it all, here are a few images:

ol l ‘\mm/ I
\ \

LN

oxygenation
_/-\___
] /-\ L
A J v

O, from: ambient air to lungs lungs (alveoli) to blood blood to cells of the body

—

14 Betts & friends. 2013 — Explains in more detail the processes of ventilation (Section 22.3) and respiration (Section 22 .4)
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There is some overlap between oxygenation and pulmonary respiration in this context, but it helps to
separate these ideas out. When managing the vent, we are most focused on the processes of ventilation and
oxygenation. While respiration (in both forms) is very important, our ability to manipulate it isn’t as
straightforward as it is with ventilation and oxygenation; also, the part of respiration that we can impact, the
pulmonary part, is covered in a roundabout way by our actions to address oxygenation. We will come back
around to this idea in a bit when we talk about how to control both ventilation and oxygenation by changing
different parameters on the ventilator.
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Dead Space's

to both ]s)i::];il isfi;a;e afilnicti): atn intimidatin g concept wher} it comes to vent management and we are goj
Start with, thers are fou ntify StPP-CIﬁC situations in W]:llCh.lt matters in the context of patient ma .
mechanic’a L e Erl ltypes of dead space that we will dlscuss_.: anatomic, alveolar, physiolo ?i
SAETE St fhntions und::s}:S S(;:fe every one of the§e discussed in references, but we will include-them all here
any one of these subtypes. b f:I?t Lnglof dead space is cqmplete. Dead space, as a term, can be used to describe
Firsionel] anaton;' ud 1 ée psto recognize which type of dea(_i space is of concern in a given situation.
s exchiige As,represer::e del;i tshpatc;la is lt'hve: air involved in the respiratory cycle that does not participate in
temtinal bronchiotes. ted Dy the blue lines, 1t starts at the naso- and oro-pharynxes and extends down to the

= {“(frb" ‘lll‘ ?i'ﬂ' \

G, fort
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\
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Another way to describe anatomic dead space, in light of this graphic, would be just about all the air
involved in a respiratory cycle other than what ends up in the alveoli. Now this graphic isn’t to scale, so it sort
of seems as if dead space is the majority of the air involved in a respirato 6yclé,‘but«i.b{ifni the case. There
are tens_oﬁhausandsoﬁemm}amehchioles—iﬂ—a—Ian g and*’ﬁnd_reds oﬁlﬁrﬁ/lions of alveoli}'® s0 the majority of
air ends up in the alveoli.’ ‘It’s also worth noting that this process is dynamic and that anatomic dead space refers
to the air outside of the alveoli and respiratory bronchioles when thvoselalveoli are fully inflated at peak of

inspiration. 4
p 6_"0( ff)oc. '~‘UI wdl Lr‘ﬁ‘-/j" N
A /. rv &l}(&

15 Yartsev. 2019 — This is the best content we’ve been able to find on this subject, very thorough and with references to more

information along the way
16 Betts & friends. 2013 — And just to clarify: the tenhinal bronchioles (marked by the thick blue line in the far right side of this photo)

are different then the respiratory bronchioles, whic ﬁﬁe the stems distal to that blue line that feed into each cluster of alveoli
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Anatomic dead space is most releva
amount of air that participates
but we basically have two opti
frequency at which we deliver

nt in our discussion of ventilated patients when we need to alter the
in alveolar gas exchange (i.e. Ve ilmiim). We will talk about this more later,
ons when it comes to increasingfhe apiount of air to the alveoli: increasing the
breaths or increasing the amount of 4ir per breath delivered. If we add one
breath to the equation, we must consider anatomic dead space and therefore the amount of air to the alveoli is
less than the actual volume of that entire breath. On the other hand, if we simply add volume to breaths already

being deliyered, we aetually get that addi-ti,orf,ﬁl volume at the alveoli because anatomic dead space has already
been considered for each breath," w?"‘ e

The next type of dead space is alveolar dead space. Alveolar dead space refers to the air in the alveoli
that doesp’t participate in gas exchange. This can be due to a few different things: decreased capillary blood
f_lov.v, ﬂl_nd in the alveoli, damage to the alveolar surface, etc. Regardless of cause, any time that alveolar air is
limited in its ability to participate in gas exchange, we get alveolar dead space. In the normal human body,
alveolar dead space is close to zero and we assume it to be negligible. In the sick or injured human body,
ho“-rever, Wwe assume some alveolar dead space and proactively take steps to accommodate that with our
settings.

Interventions to address an assumed alveolar dead space would be ensuring adequate oxygenation,'’
applying end-expiratory pressure, '® utilizing appropriate ventilator settings for patient size, and proper patient
positioning. All of these things will be discussed in sections to come, so no need to remember them here. Just
know that the takeaway in regard to alveolar dead space is that we always assume it exists to some degree and
we do what we can to mitigate it. Worst case scenario is that the lungs were healthy and that there was no
alveolar dead space to begin with and that’s totally fine — none of the interventions we do here would cause
damage to the healthy lung when used appropriately. On the other hand, if we forget to make this assumption in
a patient that does have some degree of alveolar dead space, we can increase mortality, delay recovery, and
decrease the patient’s ability to compensate for other threats that might come up during the clinical course (i.e.
an infection along the way).

Next on the list is physiologic dead space. Physiologic dead space is the sum of anatomic dead space
and alveolar dead space and represents all of the dead space before we introduce our devices into the system. In
the healthy person, we often assume no alveolar dead space and therefore physiologic dead space is equal to
anatomic dead space. Because of this relationship, the terms sometimes get used interchangeably. While there
is a difference, the utility of knowing this fact doesn’t much help our treatment of sick people, so from here on
out we will refer to anatomic dead space and alveolar dead space and ignore the idea of physiologic dead space
in an effort to be more specific with our discussion.
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' This ties into the very next section on Hypoxic Pulmonary Vasoconstriction . . .
¥ While this does facilitate oxygenation, it also helps address the alveolar dead space situation via recruitment of more alveoli — these

two ideas are discussed, respectively, in Oxvgenation and PEEP
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ET1 endotracheal tube
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EtC O, cend-udal carbon diovade

Ca

Last type of dead space is what we will call mechanical dead space. Mechanical dead space, which may
also be noted as equipment or apparatus dead space, is the dead space that we add on to the system with our
equipment: vent circuits, EtCO, detector, HME,'® etc. To be a bit more specific, it refers to all the things from
where anatomic dead space starts (oropharynx/ nasopharynx) to whqre exhaled air leaves the wye of the vent

circuit;
.V ‘r jl | e -{ Lé"‘r !

air comes in via

imaginary bamier between
+~  thistube

anatomic dead space and
mechanical dead space

distal bit exhalation valve
on vent circuit

mechanical dead space

Mechanical dead space is a problem because it increases the amount of used-up air with which incoming
air must be mixed before it gets to the alveoli. In the normal human being, fresh air is pulled into the airways
starting right at that imaginary blue line in the above picture; in the ventilated patient, fresh air begins at that
wye. We’ve discussed this effect in the Appendix, but suffice it to say that we should try to minimize
mechanical dead space when possible (i.e. think about whether or not an in-line suction device or HME is
needed rather than placing them blindly for all patientsyand that the effect is more pronounced with smaller

patients and higher respiratory rates (i.e. pediatrics).
One last thing about this is that there is a silver lining to our concept of mechanical dead space. The

et}
-
=
’ endotracheal tube (ETT) actually creates a narrow passageway from the teeth/ lips (where we drew that blue
b line) down to the trachea, essentially negating the dead space of the naso- and oro-pharynxes. So while the net
change in overall dead space may be negligible as far as amount added versus amount taken away, we still want
- to maximize efficacy of ventilation and minimize unnecessary things in our vent circuit when possible. -
. WQ'HZ!:CUIH ach his-¢ ' the— A ppenarn
=) There is another related concept to consider in this discussion of dead space that doesn’t quite fit any of
the types above. We like to think of all of these volumes as fixed quantities of air, but the truth is that the
» containers that hold this air are flexible or have stretch and therefore we sometimes see differences in expected |
] versus actual values. One example of this is that the amount of air we put into the system (Tidal Vokime) @/ .+
s doesn’t always match up exactly with air out of the system (exhaled tidal volume). So where does that air go? ¥ 5
Some of it stays in the alveoli (see upcoming discussion on recruitment), some of it leaks around our ETT cuff, +
b some/of it is lost to the tissues and airway structures, etc. While this isn’t exactly dead space per se, it helps to  / ol e

ize that it is a thing that can cloud our understanding of air volumes.
4/ / Another place where this comes into play is with the vent circuits themselves. These plastic tubes are

t rigid and do have a certain amount of stretch to them. If we look on the package of the tubing, there is a

19 Heat & Meisture-Exchanger, discussed more in Humidifiers

' ¥ LJO"'" 6‘} ﬂ"y (a*({g éﬁ?n:’ uel -\) W/} are ... "
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FALOTY Pressurd

value that says how much volume of stretch a given circuit has per unit of pressure. We will revisit this idea
\ér again in later sections (once we discuss a few of the concepts mentioned here) but know that in volume-control

f"{t},_ _ventilation we may inadvertently overestimate the amount of air delivered if we ignore the stretch of the circuit.
A 2+ This is particularly relevant with little patients (i.c. infants), as the impact of this effect (ratio of misestimation
J to potential outcome) is more pronounced with smaller breaths (Lg;lnumcﬁdal;volumes).m

Hypoxic Pulmonary Vasoconstriction?'

/ Hypoxia in the pulmonary vascular bed results in vasoconstriction (thus the term, hypoxic pulmonary
vasoconstriction or HPV), which is opposite of what happens in systemic circulation. This mechanism helps the
lungs to avoid wasting blood supply to part of the lung that isn’t getting enough Oz — it’s a mechanism to
conserve resources and maximize efficiency in the system. Just as with other vascular beds in the body, the
pulmonary capillaries are in a constant state of flux and respond to the needs of the body and the availability of
resources (Oz, in this case, being the driving force) by opening and closing.
Carrying on this conversation with a new term: HPV helps to avoid ventilation-perfusion mismatch
(V/Q mismatch??), which could look like either of the following:

= o
N o
o e

20 Bauer. 2018 — He discusses this idea in his book on vent management; we also demonstrate this impact in the context of managing a
pediatric patient later on in the Appendix (TR

21 For more reading on the subject: -
Dunham-Snary & friends. 2017 — Describes how this response can be inhibited by certain imervcmions;@lliaes the role of HPV in
different pathologies .

Lumb & Slinger. 2015 — @utlines the timelines discussed; also discusses a number of relevant pharmacological agents that contribute

to the effect !
22 Mason. 2019 - We just left out the idea of V/Q ratio in this discussion because our focus is on the general idea only, but take a look
here for a quick explanation and overview of how thjis concept looks / Y,

BIRRF 3 o
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ARDS acute respiatons distress svadrome: AT M
end-tidal carbon dioxide; ETT  endatracheal tube. HVI

['.l( ():
olar dead space. It shows that air supply (i.e. O2)

f that O2 won'’t get utilized or move into the

nt, blood ends up passing through the

And it isn’t always the case that the

be related to some kind of impediment that
uld be pulmonary edema, ARDS, and
cally the body’s mechanism for reversing

The left side type of V/Q mismatch demonstrates alve

in the alveolus is in excess of blood flow and therefore some o
bloodstream. The right side state is what we call a shunt. In a shu
pulmonary vascular bed without getting its full complement of Oo.
mismatch is due to volume of air in the alveoli as shown, it can also
prevents the movement of air out of the alveoli — examples of this wo
pneumonia. In either of these cases, dead space or shunt, HPV is l?asi
]

this type of mismatch. | cn. < ~30 1 e ey fo 4 #
Now one thing to know about this whole process is that it goes both ways: vasoconstriction is the
curs when oxygenation is adequate or that

response to hypoxia in the pulmonary capillaries and vasodilation oc
hypoxic state is resolved. We might consider these to be similar processes, just in opposite directions. There is
a distinction, however, in the rate at which either change happens. The initial hypoxic vasoconstriction side of
things happens on the order of second to minutes; the reverse process (vasodilation) typically also occurs
quickly, but can happen much more slowly (up to hours) or incompletely (without complete reversal of the
vasoconstriction) when the HPV response has been sustained for a while.

Ips to explain, in part, why

The HPV response and the fact that it may take quite some time to reverse he
we aren’t always able to fix our vented patients as well as we want to in the short span we get to hang with them

in transport. It also helps bring out the idea that just because a patient doesn’t look awesome when we get there
doesn’t mean that the sending facility or crew has been doing things wrong — they may be taking the right steps
and called us before enough time passed for the fix to work its way out. There are many more intricacies and
effects of HPV on the body (see all those references on the previous page), but the main point at this juncture is
that we may not be able to fix a super sick patient quickly. And that’s just fine . We do what we can (as we

will outline soon) and recognize that there are limits to what results we can expect.
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Alveolar Surface Area

ingle blood vessel running

Even though we have been demonstrating the alveoli-capillary interface as a s
things really are and that

past the air sac, it is important to recognize, again, that this js a simplification of how

the surface of the alveoli are covered by a network of vess¢ls:*
I~

-
PP

When we inflate the alveoli we get more surface area and that means more interface between air and
blood. In addition, inflation of the alveoli causes the alveolar membrane to stretch and become thinner,

allowing for easier diffusion of gasses:**
Q-' }
\' /

Y more surface arca
&
thinner membrane

3 Belts & friends. 2013 (image —
M And we spell this out in much more detdil in the section on Oxvgenation
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All of this means that in order for efficient gas exchange to occur, we may have to manage multiple
things simultaneously. We will get to all of these different concepts eventually, just know that the whole
process isn’t as simple as it seems at first glance.

Return 1o C. ontents
ARDS - Gcute respiaton disire vindrome: ATM tmosphere. emH-0 ] s of water. COs |
LtC O, I-ndal carbon diovide, ETT  endotracheal wube, HMI W | Ui in
_ More surfage area and a thinner membrane makes it easier to move air from inside of the alveoli to the
cn{culatory system,? so lots of our interventions with the vent are focused on this idea. That said, there are
things that can get in the way of this improved gas exchange even if we do get the surface area up and
membrane thinned out. Think of these as things that impact access to usable alveolar surface area:*
toxins can injure the fluid can impede gas exchange inflammation can damage the
membrane directly across the membrane membrane and impair diffusion
]

o

/Db
25 Desai. 2012 — We cite this video in Oxvgenation, but here it is now if anyone is curious before then N o v“"'g
26 George. 2015 — Check this out for a bit of extra detail on the difference between pneumonia and pneumonitis, both of \’:v_]-nil-njé_’,,_
included in this working list of things that can inhibit effective fas exchange /

%
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Lung Size

Second to last thing related to underlaying physiology before we move on to talking about the machine:
lung size is most strongly correlated with patient height. Because of this, we use a patient’s height to calculate
an ideal body weight (IBW)?’ when doing vent things. The idea is that a six-foot dudecould weigh either
1201bs or 300Ibs and the size of his lungs wouldn’t change. There is a formula to calculate IBW for both males

. L] a J
and females, often presented as a hybrid of metric and standard units: Aiwe s
IBWaugés (kg) = (2.3(height in inches) — 60) + 50
IBW? ks (kg) = (2.3(height in inches) — 60) + 45.5
V.2 Veals
For the metric enthusiasts, we also have it as so:
IBWauagt (kg) = (0.91(height in cm) — 152.4) + 50
IBWenigfs (kg) =1(0.91(height in cm) — 152.4) +45.5
L e L4
rv;S//‘ N7
Or we can use charts like thjs:
L HEIGHT _PBW d4ml_5mi_&ml_7ml 8ml
4 0" (48) 17.8 T2 0 107 126 143 4 0" (48) 224 G0 112 134 157 179
4 1" (40) 202 81 101 121 141 182 & 1m (48) 247 o0 124 148 172 198
L2050y 228 0 113 135 158 180 4' 2" (80) 27 1087 135 162 180 210
_ & 3" (51) 248 (1] 124 140 174 108 4 2" (81) 2013 117 147 178 208 234
4 4" (52) 27a 108 138 163 180 217 4 4°(52) 318 128 188 e 221 233
4' 5= (83) 204 118 147 17¢ 208 235 4' 50 (83) 30 138 170 203 237 a7
_4eT(84) 3T 127 160 1000 222 254 40" (54) 302 145 181 217 253 200]
4' 7 (85) 34 138 170 204 238 272 4' 7" (85) 385 154 183 231 270 208
4 BT (B8) 363 145 182 218 254 200 4 8" (50) 408 103 204 245 286 328/
4 0 (57) 386 154 193 232 270 300 40" (87) 431 172 218 280 302 4%
410" (58)  4D@ 104 205 245 288 327 410" (58) 454 182 227 272 a1s 283/
411" (80) 432 173 218 250 302 348 4117 (50) 477 191 239 280 134 182
B0 (80) 455 182 228 273 310 384 &' 0" (80) 50 200 250 300 250  400|
5 1" (81) 4T 8 191 23 287 3315 382 5 1" (81) 523 200 282 314 288 418
5 2% (e2) B804 20000 281 301 351 401 827 (02) 0 548 218 273 328 382 47|
5 3 (83) 524 210 202 314 387 419 5 3" (83) 580 228 285 341 208 455
C 5 4" (064) 847 219 274 328 383 438 &' 4" (04) 802 237 200 ass 414 474|
5 5° (85) 87 228 285 342 300 450 5 6" (65) 615 246 308 380 431 402
s e (e6) 503 237 207 350 418 474 56" (66) 638 255 318 383 447 510
& 7 (87) 616 246 308 370 431 403 5 7" (87) 681 284 331 307 482 520
TS gU(6s) 830 72867 320 383 447 511 58" (68) 684 274 342 410 470 547|
5 0% (89) 862 205 331 307 483 530 5 9" (60) TOT 283 354 424 405 588
510% (70) 685 2747 343 411 480 548 £10" (70) 73202 305 438 511 584|
5117 (71) 708 283 354 425 400 500 5117 (T1) 753 301 77 452 527 802
@ 0" (72) 7340 202 3ed 430 512 585 8 07 (12) 776 310 388 48 543 @21
€ 1" (73) 754 302 377 432 528 603 81" (73) 700 320 400 470 550 030
@ 27 (T4)  TIq 311 380 4606 544 622 0 27 (74) 822 320 411 493 575 058
e 3" (78) B0 320 400 480 500 040 6 3" (75) 645 338 423 507 502 676
0 4 (76) 823 320 472 494 570 058 o' 4" (78) 808 347 434 521 608 ou'
e 8 (T7) 846 338 423 508 802 677 6 5" (77) B@1 356 448 535 824 713
. ee (I8). B9 348 435 B8N oos  8@3 e' 8" (78) 01.4 308 457 548 040 731 |
8 77 (70) B2 357 446 535 624 Ti4 o 7-(79) @37 375 469 562 656 750
. @8 (80) 915 368 458 540 B4 732 o' 8" (80) P8 384 480 570 672 708|
e 0" (81) 938 375 480 8583  B57 750 @' 0" (B1) B3 303 402 500 088 788
@107 (82) 901 384 481 AT 873 700 6:10% (82)  100.8 402 803 604  TO4 805
8 11° (B3) 9B4 364 462 500 88O 787 611" (83) 1020 412 845 817 720 823
70" (84) 1007 403 S04 804 705 808 Al 4 42
ARDSN et Studhs

ARDSNat Studias

27 May also be referred to as predicted body weight (PBW)
28 NHLBI ARDS Network. 2005 (image)
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As an aside, some people remember this formula for IBW as “inches over five feet” as shown below.
Only problem with this is that it gets tricky if we have someone under five feet. But either way works:

Ideu,,g; (kg) = 2.3(every inch over 5°) + 50
IBWenes (kg) = 2.3(every inch over 5°) + 45.5
(T i raalf

_ When dealing with pediatric patients, our go-to reference ought to be the Broselow Tape. If that isn’t
available, we do have some formulas we can refer to:*°

Infant Weight (kg) = 0.5(age in months) + 4
Little Kidd6 (] — 4 years) Weight (kg) = 2(age in years + 5)
Big Kid;l/’g'(S — 14 years) Weight (kg) = 4(age in years)

And note that the Broselow overlaps with the equations and chart above, so if we have a really small
grownup or a big kid;lo’, we should still be able to get an IBW just fine. So no excuses! And very last thing:
there are some apps out there that can help with this sort of thing, both for adults and for pediatrics.*°

DR
= J'?)

29 Graves & friends, 2014 — There are lots of formulas out there, but we went with recommendations from these guys based on this
paper they did comparing different methods
30 Critical-Medical Guide & Pedi STAT — Both are excellent resources to have on hand for quickly referencing relevant things
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Measuring Pressures

_ During mechanical ventilation we measure pressures in centimeters of water (cmH:0). We may
oc_caswnal]y hear this pronounced as “sonnimeters” of water and know that a sonnimeter and a centimeter, in
e context, are the same thing. So we have cmH;0 with mechanical ventilation, but we generally talk about
amb:.ent air pressures in other terms, such as mmHg, kPa, PSI, etc. We skimmed right on past this concept in a
previous section when we said that ImmHg is about 1.4cmH,0 (this was when we talking about the fact that a
normal negative pressure, spontaneous breath only takes -lmmHg of pull while a typical positive-pressure

breati? via machine takes 15-25¢cmH>0 to move an equivalent amount of air), but let’s now put it all down in a
chart just to make things clear:*'

ATM | PSI | kPa | mmHg | cmH;0

ATM 1 14.7 | 101.3 | 760 1033
PSI1 0.068 1 6.89 51.7 70.3

kPa 0.0098 | 0.145 1 7.5 10.2
mmHg (Torr) | 0.0013 | 0.019 | 0.133 1 1.36

cmH;0 0.00097 | 0.014 | 0.098 | 0.736 1

Also note that we assume ambient pressure as it relates to airway and vent stuff is zero; so while true
atmospheric pressure at sea level is 760mmHg (1 ATM), we call it 0cmH20 to make things easier.’?> And then
we have a way to represent breaths we give as waveforms showing pressure as a function of time with this new
zero point (representing atmospheric pressure) as the baseline. For now we are going to ignore PEEP (since we
haven’t discussed it yet); we also don’t have to worry about the specific components of the waveform — all
those things will be discussed later on:

this baseline represents:
OcmH,0O (per the machine)
/ 760mmHg (per the planet)

time =

- pressure +

3! We built this chart by Googling conversions for these values... . ‘
32 Yartsev, 2019 — Scroll down to the section called “Airway Pressure” for some interesting background on why we measure/ label
pressures the way we do /

E#IAE
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Modes of Ventilation

. This next section discusses how we organize the delivery of breaths to a patient. We've distinguished
this concept of “mode” with that of “control” (see next section) in order to make things easier to conceptualize,
but th.e terms sometimes get used with a bit of overlap. It helps us to think of mode as the overall pattern or
organ}zatton of breaths and control as the specific way we choose to deliver them.*® Now that we’ve clarified
that distinction, we’ll confuse it a bit more by starting our discuss of modes with one that includes the term
“control” in the title.

Controlled Mandatory Ventilation (CMYV)

Plain old control ventilation or CMV>* is a mode of ventilation that isn’t utilized much these days and
doesn’t exist as an option on many transport vents,® but it helps as a starting point to understand the other
modes. In this mode we dictate how often we want to give breaths and how much of a breath to give on each of
those instances and we ignore whatever the patient does spontaneously. This seems OK for patients with no
inherent respiratory effort, but it can pose problems with those who do have some respiratory effort that doesn’t
quite mesh up with what the machine wants to do. To make this clear, let’s assume a hypothetical timeline
running left to right over an arbitrary amount of time with black hashes to represent machine-delivered breaths:

\6¥ time =

Now let’s discuss what happens when the patient tries to breathe during this underlaying delivery
scheme in each of these cases: more or less in the middle of two machine breaths (green), just after a machine

breath (yellow), and just prior to a machine breath (red):

o I T

time 2

o L)

r\' ~ﬂ{.g, bepig m[ D* (@T*

33 Chatburn & friends, 2014 - For specifics on how all of these things ought to be labeled and described, this article outlines a

taxonomy for vent concepts
4 Ghamloush & Hill. 2013 - We sometimes see CMV to represent continuous mandatory ventilation (as opposed to controlled

mandatory ventilation), but we will ignore that idea for now and readdress it in the sections that follow
35 That said, we may be able to adjust settings to ventilate the patient as if they were in CMV, it’s just not a default option because we

assume we want to support patient effort to breathe ‘/ 1/
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n and the machine-delivered brea}hs
facilitate the green breath, 1t just
ions, the patient breaths and

In the green situation, the patient is free to take a breath if (s)he ca
are likely to be unaffected. That said, the machine doesn’t make any effort to
passively observes the patient struggling to breath. In the yellow and red situat he pal )
machine breaths can interfere with one another leading to discomfort, less effective air delivery, and possible
damage due to increased pressures. None of this is of benefit to the patient, so the idea moving forward Is thzft
we need a strategy that works alongside the patient and helps to meet an expressed need. Unhgl_ng the machine
to augment patient effort improves comfort, facilitates recovery, reduce negative effects of positive-pressure
ventilation, and gives us more control over the management of the patient.*

Assist Control (AC)

AC ventilation is a mode that augments a patient’s spontaneous respiratory effort by delive'rmg a preset
amount of air when inspiratory effort is detected.’’ In the case with the green, yellow, and red patient-tri ggered
breaths, the machine would recognize that the patient is trying to breath and then respond by giving a full breath
on each of those occasions.®® The obvious advantage here is that the patient’s expressed need for more breaths
per unit time would be met. There is, however, a difference in how each of those breaths gets_actuallzed:

With the green breath, there is space (in time) on either side of the breath, so the machine can assist that
green breath without affecting other breaths in proximity:

ﬁ‘e
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3 Mauri & friends. 2017; Goligher. 2017 — We will talk about these specific things later on (in Comfort), but the article and essay
provide a bit of context for these claims

37 A complete discussion of Triggers and how all that works is deferred until later on

% This setup is less commonly referred to as continuous mandatory ventilation (which is similar-sounding, but different than the CMV

we discussed just a moment ago) ‘/ J
¥ v L d
(O ] O]
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The difference between the green breaths and the baseline, black ones can be represented via those
pressure-over-time waveforms that we mentioned before. Note the dip at the start of the second waveform as
the patient breathes in — this is the effort that gets sensed by the machine right before a full positive-pressure
breath is then given:*°

&
ot©
Qe‘eéb‘eﬂw
Qe.-éa\\ \0{\1 b‘e:b‘{?'
Wﬁc‘\\a o @S} ‘bsé\s\g
@*

time =2

- pressure +
S-—.__\_‘\‘

The ideal AC situation might look something like this where the patient’s need for more breaths are met
and that need, in the form of inspiratory effort, doesn’t interfere or overlap with the scheduled breaths:

time 2>

) ¥
\r
I\ = N

¥ Now this graphic makes it seem as if a pressure change detected by the machine leads to an assisted breath; while that could
potentially be the case, the more common situation is a flow trigger; regardless of the trigger, however, the drop is pressure as shown
in the graphic would occur in either case (see Triggers for more)

T4
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Moving forward, we have the proximity of breaths to consider. In the case of the yellow patient effort,
the machine breath occurs just prior and, if that breath is still ongoing, the subsequent breath may get missed or
ignored. Now this depends on how the machine is set up and we can generalize it by saying that the further
along the breath is or the closer the breath is to an end-exhalation baseline makes it more likely that the breath
will catch and result in that full delivery. There are two possible outcomes: oné in which the trigger results in
an assisted breath and one in which the trigger does not result in a breath and the efficacy of the machine-
delivered breath is simply altered somewhat:*’

o
ﬁ'ﬁﬁﬁ'\%“\e %“%\o\&\
e’c_}}\ i qae‘ 60{" 6‘0

time =

- pressure +

These yellow-effort situations are mostly safe for the patient, but may cause some issues related to slight
higher pressures (left side, note the drift of maximum height on waveform) or discomfort (right side, due to an
expressed need that goes unaddressed). That said, a combination of green and yellow effort is just fine for our
patients in AC mode and allows the machine to adapt to what the patient wants in real time:

->

time

4 And as already mentioned, we will discuss this idea of Triggers in much more detail later
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The issues with AC mode begin when we get those red-effort situations in which a patient-triggered

brf:fflﬂl precedes another breath. That other breath can be cither a machine-delivered breath (as shown in the

initial graphic) or another patient-triggered one (as in a sequence of patient efforts in rapid succession):

Lo
v °
t?«“@oe.éo& b"‘@
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Roﬁlb e

time =

If two breaths like this happen in close proximity, we run the risk that the first breath may not have time
to cycle through before the next is delivered; we get a breath on top of another or “breath stacking.” This can
increase pressure in the system and cause a complication known as AutoPEEP in which the pressure in the
system doesn’t get back to baseline before we add on another breath. We will discuss this further on down the
line, but note that this is the primary drawback to the assist control mode. And here’s how we would draw it:

k

s Ll

ey, A
/

- pressure +

time = \/

To summarize, AC mode machine-delivers breaths at a set rate and will supplement that with full
breaths whenever a patient effort meets the trigger threshold. Upsides to this are that the increased needs of the
patient are readily met, downsides are the risk for increased pressures and a move away from baseline
(AutoPEEP, which we will get to later). Asa general rule: anytime we have someone in AC mode we need to
be vigilant and monitor both airway pressures and AutoPEEP.
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Synchronized Intermittent Mandatory Ventilation (SIMV) "
SIMYV is an alternative mode of ventilation that also seeks to mitigate the shortcomings of CMV. SIMV
starts with idea of mandatory breaths or a guaranteed number of breaths to be given per minute. It then will
support breaths taken in between these mandatory breaths. Furthermore, SIMV recognizes when patient effort
is made in close proximity to a pre-scheduled mandatory breath and assists that effort in a way similar to how
breaths were assisted in AC mode. Now there are more difference between these various Types of Breaths and

we’ll get back to that eventually, but let’s focus on the timing aspect of SIMV first. Going back to our original
idea:

time =2

SIMV’s method for determining how to handle the instances of patient effort is to break the timeline
into two alternating categories: mandatory and spontaneous periods. If a patient effort happens within a
spontaneous period, it gets supported and that effort is facilitated by the machine in a manner that we will
discuss real soon;*' if an effort occurs within a mandatory period it gets assisted, a full breath is delivered, and
the breath that had been planned for that mandatory period gets skipped:*?
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Ollie. 2015 - This video demonstrates the idea in another way by way of a discussion about IMV ventilation (versus S —-a
distinction we will sort out in just a second) g

2 Wheeler & friends. 2008; Kumar. 2015 — The first explains this process as we’ve labeled it, lhe. other is a brief overview that
explains it using a different labeling system f f /
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e s t?;:t l;ar as the difference between s_uppm:tcd breaths (green and yellow) and assisted breaths (red), the
Riilitaied s uaiported b_reaths only get a little bit gf I}elp frqm the machine and the assisted breaths are fully
ot s Yy the machine to a target amount of air, Justas in AC mode. Supported breaths are always
A tla pressure, yvh:ch basically helps !he patient draw a breath a little bit easier;* assisted breaths are
" pressufe-to meetdspem_ﬁc goals .by the mach:r_lc based on settings we input and can be either volume-targeted
o argete (w.hch! we will ex-pand on in the next section). The practical difference is that pressure

pport (PS) breaths will give us a variable result that depends largely on the patient’s contribution to that
specific breath,_ while assisted breaths are more predictable.

- At the risk :of getting ahez.id of ourselves, PS bregths are often expected to be less than or smaller than
andatory and assisted breaths (in terms of volume of air). While it may make sense to titrate PS up so that
SUPPC?ned breaths'match the other ones in this regard, it isn’t quite as simple as increasing the PS value on the
{n’achme. Th.at said, there is no reason that the volume of air in a PS breath should be less than the other ones,
I's more an issue that it often just happens to turn out that way because the nitty gritty details as to how these

different Types of Breaths are brought into existence by the machine.*

_ And a few more things about SIMV mode: It originally came onto the scene as IMV mode, which is
essentially the same as CMV as we described it previously.** The “S” for synchronization was added when the
mode was adapted to consider patient-triggered mandatory breaths (i.e. breaths initiated by the patient within
that mandatoxy period). The next improvement was PS to breaths triggered in the spontaneous period, so we
sometimes see SIMV as we described it notated as SIMV + PS.% To demonstrate these differences:

controlled mandatory ventilation (which is what we meant by CMV)
aka intermittent mandatory ventilation

¥ o ) 5 & & &
Vg e Ul .
09( ¢ o p \\{H‘ _ ‘.
!/
g{r ) y ,.e , . l
continuous mandatory ventilation (the other CMV that we ignored) ’
aka assist control
o o o
time =

43 [ oderserto, 2018 — This series provides an alternative explanation to this concept (i.e. how PS and PC breaths differ) and we will
touch on it again in Tvpes of Breaths

# Hess, 2005 — That said, the primary function of pressure support breaths is to relieve workload required by the patient and facilitate
intrinsic respiratory effort, this is fundamentally different that a pressure control breath (discussed soon) in which we utilize pressure
to deliver a breath regardless of patient effort; this article discusses how additional PS may not correlate as expected with an increase
in Tidal Volume due to additional factors on the patient end of the equation and the breath is delivered

45 Again, our version of CMV is controlled mandatory ventilation; there is another form of CMV that is continuous mandatory
ventilation and in that version of the mode, the machine assists patient-triggered breaths in addition to providing a baseline number of

mandatory breaths (just like Assist Control)
46 Ghamloush & Hill, 2013 — We recognize that this is confusing, but navigate here for another explanation of how SIMV as we know
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Another historical tidbit is that the mode was popularized as a method of yeafiing or getting someone
transitioned from vent life to spontaneous breathing after an illness or intervention ?(t),he efficacy of SIMV for
weaning has since been shown to be inferior to other methods. The result of all of fhisAs that content on SIMV
is often confounded by stuff that more accurately relates to IMV and that draws conclusions from a concept
(weaning) that doesn’t much matter in the transport setting.

To summarize, SIMV is a mode that both supports patient effort to breathe via PS breaths and avoids
breath stacking by not delivering breaths in close proximity to others. This avoids the problem of AutoPEEP
that we discussed in regard to AC mode. On the other hand, SIMV has been associated with ventilator
asynchrony and can be harder to both conceptualize and monitor than AC ventilation (due to different the
different Types of Breaths involved). In addition, SIMV is less able to meet a patient’s expressed need for
more air, as supported breaths are less predictable than assisted ones.

And Beyond...

Now that we know about both AC and SIMV modes, the decision becomes which mode to use for a
given patient. While many folks have their preference and we could argue one over the other all day long until
we are both blue in the face, the bottom line is that either mode could work for just about any patient type.
Here’s the general strategy we’ll recommend (and we will revisit this idea again at the very end when we talk
about building out a guideline and putting it all together): if we have a patient already on the vent and all is
well, just stick with whichever mode they are working with; if we are starting from scratch or reworking the
settings altogether, try what our machine defaults to and then change modes if we need to down the line. That’s

about as simple as we can make it. All that said, there are cases in which one mode may be preferred over
another and we will talk about those as they come up.
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Control of Ventilation
*

We already discussed the first big choice in vent management: which mode (ACs/SIMV) to utilize for
our patient. The next decision is to choose whether we want to control volume or préssure. If we choose to
control volume, airway pressure will function as the dependent variable (i.e. we won’t be able to directly control
it); if we choose to control pressure, volume will function as the dependent variable. There is no right or wrong
answer to this ( ifemma, but the general trend is that we use volume control immost cases and pressure control
with pediatrics*7.or when they are especially concerned about airway pressures. Not saying this is the best
decision, just saying that’s how its been done.

The reason for this is twofold. First (and arguably most relevant), the machines tend to default to
volume control unless we do something to intentionally get out of it (such as choose “infant” on the patient type
category). Second, volume control is a bit easier for some folks to wrap their heads around — it’s a little more
intuitive to think about set volumes and resultant pressures than it is the other way. But as we said above, there
is no right or wrong; we can just as effectively and safely ventilate a baby in volume control as we can an adult
in pressure control (even though this is contrary to what we normally do), as long as we know the underlaying
concepts and keep an eye on all the important things along the way!

7 Knevber & friends. 2017 — Note that even the people who make the rules on pediatric ventilation don’t endorse one method of
control over another... /
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Volume Control

In volume control (VC) ventilation we choose how much volume we want to push down the circuit with
each breath delivered.*® This tidal volume that we put in goes to the lungs, does its thing at the alveolar level,
and then gets exhaled out of the circuit. When we say “tidal volume” we are referring to the air going into the
system from the machine; those other two concepts (alveolar tidal volume and exhaled tidal volume) vary from
?2 _\;alue due to a number of different factors. Let’s see how this looks in a graphic and then we’ll hash out the

etails:

tidal volume
—

g o™ ™ =y breathing
E 7 machine
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n VC we control Tidal Volume directly — a concept we mention here and then discuss again in much more

48 To say it another way, i
detail in the near future

<] =




Return 1o Contenes

AC dssistcontrol, emH:O0  contmeters ofwater ml mullihiter: QOCD - obsessive-compulsive disorder
OK alnght, PC - pressure control
) .l.‘w’ ] *i -g
Even though the actual definition of _ytidal volume¥ is the amount of air moved during exhalation, we
have a specific term for exhaled tidal volume and we need another term for the value we dial in to the machine.
So it helps us to ignore the literal definition and break those two concepts up as we have just shown. Exhaled
tidal volume is generally about the same as tidal volume, but after some air is lost to the vent circuit and/or to
the tissues in the respiratory system. This results in the potential to overestimate volume delivered, which
becomes particularly important with smaller volumes of air (i.e. pediatrics).* And alveolar tidal volume is
exhaled tidal volume minus anatomic dead space. Recognizing the fact that not all of that alveolar tidal volumt?
participates in gas exchange due to the idea of alveolar dead space, the volume of air that makes it to the alveoli
is about two thirds of what we push into the system.*” Here’s how it all looks:

volume lost between tidal volume
r and exhaled tidal volume
anatomic dead space
exhaled tidal volume
-"\
tidal volume <

> alveolar tidal volume

N —~

So while alveolar tidal volume seems a few steps removed from the tidal volume we set on the machine,
VC ventilation allows us to control alveolar tidal volume as directly as possible. The result of that, however, is
an increase in pressure that is dependent on the amount of air we set and how that air moves through the
respiratory system. For now we will defer a discussion of how we describe this air movement (i.e. its speed or
flow and all that), just know that pushing a preset volume in means that pressure changes happen as a result of
that air movement and that certain pressure changes Moo much air too fast) can cause damage to the alveoli.
[-At a certain point we can overinflate the alveol} resu iﬁg in what we call barotraum%aﬁd we for sure want to
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** We talked about this already in Dead Space and will address it again in the Appendix

% \_Kansev. 2019 — And this fraction of overTl lume does-seem-to fluctuate with changes in volume delivered (i.e. a weight-based
estimate may not be accurate) g well Huo \\fl (
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s that we can injure the alveoli or cause barotrauma when they are

The risk we face in VC ventilation i
irway pressures and adjusting the

overinflated, as shown above on the left¥ We avoid this by monitoring a
ge.’! We will get to the specifics as to how we do that eventually, for now

volume input to avoid causing dama,

it’s OK to leave it as so: in VC ventilation we control the amount of air going into the circuit at the expense of
control over resultant pressures; that said, we always need to monitor airway pressures during VC ventilation in
order to avoid causing damage to the alveoli. In addition, VC ventilation lends itself to an overestimation of
alveolar tidal volume if we forget to factor in dead space.
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5! While there are other parameters that we can adjust to avoid higher pressures (which we will get to later), it helps to simplify things

this way: more volume = more pressure
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: In the other comer of the arena we have pressure control (PC) ventilation.*? In this system, a breath
ﬁaPPEHS as 50: we have a dialed-in pressure, the machine spins up to maintain that pressure, the air all the way

om machine to alveoli equalize to this pressure for a-set time; then the breath cycles off and we go back to
baseline. Because our input here is pressure, volume becomes our dependent variable (exhaled tidal volume,*’
to be exact; or textbook-defined tidal volume for the OCDers out there). Let’s draw it out and see if we can

make it a little clearer:

breathing breathing breathing breathing breathing
machine machine machine machine machine
no PPCSSI_JId at machine spins up, machine holds machine drops off no pressure/ at
baseline starts pushing air preset pressure for pressure and gocs baseline, ready for
until set pressure is predetermined back to baseline round two!
reached amount of time
? /7 £  airways, lungs, pressure increasing lungs inflated, at lungsrecoiland 2 airways, lungs,
- E aJvco_li -all at airways, lungs pressure from create exhalation E alveoli - all
& " S cql_.lahzed to expanding ] machine 8 equalized to
&  baseline pressure § 2 baseline pressure
/ s £
- & ;
] & : o . ]
i 0 i) O, =6 S
3 T Mg i —_ g e E —_— 3 —_———
= TN
£ . airtoalveoli, trying 2 alveoli inflated, = alveoli go back £
§ = toovercomeinitial £  also at pressure = to baseline :“:
= @ resistance o from machine o £
time -

In the fourth column, we see that recoil of the lungs (a passive exhalation) occurs when the pressure that
had been keeping those lungs inflated drops off. This volume of air that gets pushed out of the circuit as the
lungs fall back to normal is our exhaled tidal volume, which we then have to actively observe to make sure it
meets the goal we have in mind for what volume this patient ought to be getting with each pressure breath we
deliver. If this exhaled tidal volume is not what we want it to be, then we adjust the pressure in the system to
get closer to our goal: more pressure means more volume, less pressure means less volume.

ﬂ/ A -
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ere in vent world as to which strategy

52 Mecks. 2018; Yartsev. 2019 — And we phrased it this way because there is much debate out

(volume or pressure) is superior; see referenced podcast and article for more information
% And if a machine is capable of pressure control ventilation it will likely have a mechanism for measuring exhaled tidal volume; in
the previous section we noted that some machines don’t give us this value, but those machines ténd to do VC ventilation only
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One thing worth pointing out here is that in PC ventilation we don’t have to bother with considering that
flexibility or stretch that we discussed when we talked about dead space (i.e. the compliance of the vent circuit),
as the only way we have to measure volune is via exhaled tidal volume or what the patient breathes out (which
is downstream of all that flexing-and stretching norsense). We do still need to consider anatomic and alveolar
dead space, just as we did with VC, but the stretch-factor we introduce in our circuit is eliminated. This is a big
advantage of PC ventilation with small patients: forgetting to factor in 10ml (arbitrary number) in an adult is no
big deal, forgetting to do so for a baby with small tidal volumes is huge. We’ll discuss more later;* but just
know that this is one advantage of PC.

Another advantage of PC is that we avoid the risk of over-inflation or high pressures at the alveolar
level. The highest pressure those alveoli will see is whatever value we program into the machine,”* So [25 long
as we follow some basic guidelines as to what a safe pressure is, there’s not much risk of harm 01':‘/0 uma.
The downside is that we don’t have as good of control (compared to VC) over the amount or volume of air that
we art: 6putting into the system; instead we have to continually monitor exhaled tidal volumes and adjust to our
goals.

To summarize: in PC ventilation we control the pressure put into the system at the expense of control
over resultant volumes; that said, we always need to monitor those volumes when we have a patient in PC in
order to avoid hyper- or hypoventilation. In addition, PC ventil i6n makes it a little more difficult to control
Ventilation (as opposed to Oxvgenation — again, Mhé?%ﬂgﬂ-we will get to later on), due to the breath

to breath variability in volumes. The big advantage of PC ¥ ntilation is that we avoid the high pressures that
can result from VC.%’

54 In the Appendix

55 For the most part this is true, but there are some exceptions that we’ll chat about later in the section called PIP and Pplat in
Pressure Control?

$6 Ashworth & friends, 2018 — What we’ve said here is a bit of a simplification, but it serves our purpose for now - refer to this article
for a much more detailed discussion of how we can work towards our ventilation goals in PC ventilation

57 There are more advantages (such as how PC breaths differ from VC ones in regard to flow waveforms), but we'll get to that stuff
later on in Tvpes of Breaths
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Pressu re-Regulated Volume Control

Pressure- .
comes to this vo]ﬁﬁ:‘ﬁfi;"s;‘]‘“e CO"“'((’II (PRVC) is one attempt to get at the best of both worlds when it
an upper limit on pressu;e thenr:i conunh rum. In th:s_class:ﬁcanon we dial in a goal for tidal volume and put
pressure and without excecd; the lma'? ine tries to Elve breaths to the goal volume using the lowest possible
breath by looking at previo "BE € limit we have set. '~ The machine makes adjustments to how it delivers each
Preset tidal volume goal Irll.l ih eaths aitd g usting delivery to add or take away volume working towards the
fiimit, volume i S P e event th.'it it can’t reach the goal volume without exceeding the upper pressure
me IS sacri 1ce-d think of the “pressure regulated™ part as a hard stop
Let’s visualize this over a few breaths to see what it would look like: '

goal tidal volume: 400mi
pressure cap: 30cmH,0O

brealt: one breath three breath five
u;;mereath breath two a little less pressure a little more pressure
3:(:}0 me o s 28cmH,0 breath four 29¢mH,0 breath six
30 o 400ml same pressure 400ml same pressure
4501“: 28cmH20 290!11.1‘120
375ml 400ml|
'. If it helps, we can also think of this in an algorithmic fashion where we decide where each breath ends
o up in relation to our goal and then adjust the subsequent breath in a cyclical manner:
. breath delivered
' how does it compare to
) goal?
’ |
v v v

volume at goal; too much volume;

| not enough volume;
no adjustment needed  less pressure next time

more pressure next time

>

58 In the grgp,hic below aﬁmving forward we call this limit the “pressure cap” for lack of a better term, but we will discuss if}@gre

shortly Jewd /4 Jlet
g ! .
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. This mechanism of decision making one breath at a time doesn’t quite describe the process accurately,
but it gives the right idea. In reality the machine looks back at the last few breaths (varies by machine) and
builds a small data set from which it decides how to deliver the next breath. So the system is more refined that
our crude representation.

Tp flush out a few more details on this PRVC concept, let’s look at another example of a few
consecutive breaths. In this example something is causing an increase in pressure to-the=system, therefore
breaths fall under goal (in terms of volume). The result of this would be a drop in minute volume or air moved
per unit time.* It’s important to keep this in mind with PRVC, as we can inadvertently drop minute volume in

an effort to avoid high pressures:

goal tidal volume: 400ml o
pressure cap: 30cmH,0 \N n
breath one breath three f " 1o
initial breath can’t give more o
25¢cmH,0 breath two 30cmH,0 breath four et i@ '
300ml more pressure 325ml same pressure R R
30cmH,0 30cmH,0 T . \
325ml 325ml and on and with the result

that minute volume goes

l l [ ! ! ! ! ! down (compared to our goal)

A few more things about PRVC: “pressure cap” is a make-believe term — the machine most often uses
5cmH20 less than the set high-pressure limit for this value.* There are also restrictions on how much variation
occurs from one breath to the next; to say it another way, the machine won’t make crazy, drastic changes in
response to one or two funky breaths. Another thing: the machine has a system to get this whole process started
by giving “test breaths” via different methods when it first gets set up — no need to worry about that here, that’s
homework for us depending on the system and machine we use in the field." Along that same idea, the

machine doesn’t actually know how much air (i.e. Tidal Volume) it gives with each breath until after the fact
when it sees the exhaled tidal volume, that’s why it can overshoot the goal. Last thing: PRVC is good when we

are worried about barotrauma or giving too much pressure, but it is important to make sure we keep an eye on
minyte volume and compare-it-to-ou ; goal.
o Vel
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59 Discussed in much more detail in just a few sections! (Minute Volume)

60 And limits are discussed later when we get to Alarms
61 Maher. 2019 — Short video that describes this and gives a brief overview of PRVC (and it is just one video is a large series, so take a

look at the rest of his content for more)
BARE
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Vent Parameters, Round One

' Next step on our journey is to explain fully the ins and outs of some of the terms we use to describe
different aspects of ventilation. Some of these have been mentioned already (and a few discussed in detail), but
f'nost_ofthe complete explanations have been left out up until this point in an effort to better organize thoughts
in a linear, stepwise fashion. If it helps to go back to previous sections after this discussion, go for it. Also,
keep in mind that this is not an exhaustive list of all the terms, these are just the basics and more will come later.

Tidal Volume

‘ Ti olume per the textbooks is the amount or volume of air exhaled in a given breath. As previously
discusse sometimes helps to break this concept up in to two distinct terms: tidal volume and exhaled tidal
volume al volume, in this way of thinking, would be the volume of air we put into the system, while

exhaled tidal volume would be the volume of air that comes ot of the system. Tidal volume may be notated as
TV or VT, exhaled tidal volume is notated at VTe."L»/«’fly ;  retie ,,3’

TV varies by the size of the patie the-iormal range is 6-8ml/kg IBW. Recall the discussion we
already had about ideal-body weight (IBW) and the idea that lung size is best correlated to height. Also
recognize that 6-8ml/kg IBW is'just a frgm‘e/work from which we start when determining our initial settings and
that TV can range from 4-12mlkg IBW, depending on the specific situation that we are up against. Enough on
that for now though, we will talk further on that when we get into ventilator strategies.

And just to recap what we already discussed, add in some values, and then demonstrate it again in a

slightly different way:

— . volume lost between

Z TV and VTe
* anatomic anatomic ™
I dead space VTe dead space
TV
™V
‘ (normal is 6-8ml/kg) alveolar TV ~
‘ (normally this ends up to alveolar TV
' be about 2/3 of TV)
' ot
' / ; \l” ' | -
' 0’( pror JLJFS ’[(J N,,Jjo. }f((: y (e )7 F 5_"" f C'Y Al e
' \Jo'ou I:d LH . II ﬁ,} J'lf( g de"'f’“"'"{v '//N ol (‘.(chHFf.m ‘}n pu/- Te o
A s
’ éq'.l. fl(,ﬂp) La&f’j" Q)J /'IS/ c.f'::l‘:fp'lf- »fbﬂj VT(:' [ﬂl" !_',Jf\.f {‘fwﬁ & j/((r() T '}
Yo ol - Za P \ ot b L Lo [

' :;In Volume Control . 5 ' I“sorg g } el ) J"”’ IW" Cf" - e~ v br

We often see Vt and Vte instead of VT and VTe, but we’ye opted to do it our way so that there is consistent notation throughout —

whenever we see a little “e” after a term it will refer to the/‘exhaled” version of whatever parameter it is attached to (i.e. MVe is

exhaled minute volume, something we’ll talk about shortly)
® Davies & friends. 2016 — And these guys offer a mt}ﬂh more in-depth discussion of this general idea )
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Respiratory Rate

Respiratory rate describes how many breaths are delivered and/ or taken in one minute of time. It is also

known as frequency and may be abbreviated by the letter “f”, but we will notate it as RR in this manual.®’
Normal parameters vary by age, but the typical adult rate is 12-20 and pediatric rates are as outlined on our
Broselow Tape or by this chart from the PALS Manual:*

” American
AMERICAN
Heart ASSOCIATION
Association. | TCRITICAL (\A!.I

P A L s We & why-

Vital Signs in Children

Normal Respiratory Rates

Normal Heart Rates® (beats/min) (breaths/min)

Age Awake Rate  Sleeping Rat Age Rate
Neonate 100-205 90-160 Infant 30-53
Infant 100-180 90-160 Toddler 22-37
Toddler 98-140 80-120 Preschooler 20-28
Preschooler 80-120 65-100 | School-aged child 18-25
School-aged child 75-118 58-90 Adolescent 12-20
Adolescent 60-100 50-90

Systolic Diastolic Mean Arterial
Pressure Pressure Pressure
(mm Hg)! (mm Hg)! (mm Ho)*

Birth (12 h, <1000 g) 39-59 16-36 28-42)
Birth (12 h, 3 kg) 60-76 31-45 48-57
Neonate (96 h) 67-84 35-53 45-60
Infant (1-12 mo) 72-104 37-56 50-62
Toddiler (1-2 y) 86-106 42-63 49-62
Preschooler (3-5Y) 89-112 46-72 58-69
School-aged child ©-7y) 97-115 57-76 66-72
Preadolescent (10-12 y) 102-120 61-80 71-79
Adolescent (12-15y) 110-131 64-83 73-84

65 While respiratory rate may semantically differ from frequency (i.e. patient’s intrinsic rate versus overall rate), we’ve decided to

keep it simple here and simply use RR to describe frequency in a general sense

66 American Heart Association. 2016 (image) - As a quick disclaimer: these normal respiratory rates as outlined in PALS are not
intended to be used for determining vent settings, rather they are outlined as such to identify normal and abnormal findings in an
assessment; with that said, most transport clinicians are familiar with this reference and have ready access to it, so it makes sense to
build our concept of vent management from a known source rather than introduce new values and numbers with which we may not be

familiar
i
el set
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For the detail-oriented people out there, there are some data points missing from this PALS chart. One
strategy would be to guess ba ed on available data (i.e. no listed ratg for a 9-year-old, but we could assume a
value that falls in between the ¢ ooI -aged h;ld range and that for}dolescenls). Other option is to use this

chart we’ve put together based the existing data in the PALSCh

age description ] age (years) RR
infant | .083 (1 month)—1 | 30— 53
toddler ] 1-2 2237
preschooler | 3-5 22-28
school-aged child 6-7 18-25
big kiddos 8§-9 17-25
preadolescent 10—12 14-23
adolescent 12—15 12 -20
adult 16 and up 12-20

Last thing: there are times that we set rate above or below what might be considered normal for the
patient’s age, but we’ll get to those specifics when we discuss vent strategy for different situations later on.

67 See Appendix for a discussion of how this chart was created
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Minute Volume

Minute v \l c{e/,al own as minute ventilation, is the amount of air moved in one full minute. It is
the product of TV/an \RR/|

MV =RR x TV

Minute volume or minute ventilation can be abbreviated as MV or VE and is the primary mechanism by
which we control ventilation. We will discuss soon how to manipulate both TV and rate to address ventilation
in just a bit, so don’t worry about that for the moment. A normal MV for the adult patient is often cited at 4 — §
liters per minute (LPM), but we prefer to use a weight-based calculation so that it applies to all patient sizes:%

<G BERVEs
MV = 100mVlkg (IBW) /min r,R‘ v
-

We’ve chosen to represent that MV is roughly (=) IOOmngA-B /g%in because that goal is less of a
hard-set requirement than a guideline by which we initiate vemilatié- in most cases. For the majority of
patients this calculated value will be adequate, l}ut there are times in{v
calculated value for various reasons. For example, with both pediatric patients and those with Acid osis, we will
aim higher than that; with others we may tollé/rate a MV below that value by way of a concept known as
permissive hypercapnia.® We will even?élly get into the details on how we go about making that decision for
different patient types, but for now we’l/leave it at that. /

Last thing: thz: can be differe rgrty[;ses of minute volume, just as there were with Tidal \ lume,

2 or

‘Stf\/linute vplum inute ventilatio typaeatly describes what we dial in to the machine, then we tag
f / l"‘ * . . .
*exhaled)&n to either term (abbreviated MVe) to describe feedback the machine gives us about what the patient

breathes out. Lastly there is alveolar minute ventilation (VA) which takes out anatomic dead space from the
equation. While alveolar minute/volume (another way of describing VA) is an important concept to consider,
we base initial goals and calculations on MV or MVe and not on alveolar ventilation.”

i “]i SF#“
)'f) ',“‘r ’OOW,/{XT f@.\J/MH‘ /

hich we ought to aim above or below our

€) sprt

® Weingart. 2010; Yartsev. 2019 — These
respectively; we’ve opted to go with 100ml/kg/mi
% Pruitt. 2007 - We cite this again later w

this permissive hypercapnia approach to certain patient populations
" We do, however, make subs

e equent changes to address ventilation with these alveolar volumes in mind and we will get to that in
entilation

ies, but it outlines the idea of
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Fraction of Inspired Oxygen

.Fraction of inspired oxygen, or FiO3, describes the amount of O3 in the mix of gasses that we push into
the patient’s vent circuit when we give a breath. 100% O would be an FiO: of 1.0; 21% O or ambient air
WO}lld Pe an FiO; of 0.21. Adjusting FiO is often the easiest way we can address an Oxvgenation issue, but
we !l discuss fixing things in just a little while. FiO; is typically a parameter we dial in directly to the machine,
but it can also be calculated based on how much O; we put into the machine and how much total air the
machine puts out:”'

FiO; = total amount of O; + total amount of air
and then we can use the concept of flow to quantify these this equation:’

assume 10LPM of O going in
and 60LPM of total flow

FiOz = [(10LPM x 100%) + (SOLPM x 21%)] + 60LPM
FiO2 =34% or 0.34

Now there is never really a need to do this sort of calculation, as the machine will allow us to bypass the
math and directly provide a chosen FiO: as long as our O source is adequate (such as one of those 50PSI
adapters like we see on the wall of the ambulance or hospital). And in the event that we do bypass that
mechanism by using a low-flow Oz source (i.e. normal O; tubing), each manufacturer has different
recommendations as to how we should estimate an FiO; based on the settings we have dialed in and the flow of

O into the system.
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Positive End-Expiratory Pressure (PEEP)

\ )‘\ yo
PEEP 'e;;c'ribes the positive pressure that remains in the alveoli at the end of expiration. And Iel's.
recognize that we basically explained a term using the words it’s made up of, so we’ll try it another way via a
few steps. During mechanical ventilation we push air into the alveoli on inspiration, then that air moves out of
the alveoli on expiration. We tend to conceptualize this (and-hav as a net

zero movement of air where the alveoli go from deflated to inflated and then back to deflated, as so:

The truth is that we can put pressure into the alveoli and then leave it there to hang out throughout
exhalation (in the form of PEEP). So rather than the alveolar air sac deflating all the way back to its original

size, it deflates only part way:

first inhale exhale next inhale
i —p
PEEP
“stents™
this alveoli
open

time =2

Recall our previous discussion of Alveolar Surface Area that the more inflated the alveoli are, the more
they can participate in gas exchange. This is due to both more surface area and a thinner membrane across
which gas must diffuse.” Next, add to that the idea that blood flow though the pulmonary capillary bed is
continuous, it doesn’t stop when inhalation stops. This means that pulmonary respiration or gas exchange
across the alveolar membrane occurs throughout the respiratory cycle, both on inhale and exhale. PEEP helps
facilitate this gas process on the exhalation side and then makes it easier to further maximize the effect during
inhalation (i.e. a better starting point from which inhalation begins).

™ Desai. 2012 — We cite this again in the section on Oxygenation when we return to the idea
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_ Another idea particularly relevant to this discussion of PEEP is that the “stenting” or opening-up of
alveoli doesn’t always happen in one breath as it’s been depicted in the above drawing. Sometimes it takes time
to get_from a that left-most, deflated stage to a “recruited” or opened-up stage. Part of the reason for that is that
there is fluid around the surface of the alveoli that resists expansion. Think of it as molecules on the alveolar
surface that are holding hands with one another; as we increase size of the alveoli, we increase the distance

between those hand-holders and make expansion easier:

PEEP helps with this process by maintaining our progress along the way. As airway pressure increases
on inhalation and the alveoli expand, PEEP essentially maintains that expansion on exhalation and prevents us
from cycling back to that deflated, left-hand state in the above drawing. An added benefit of this is thatit
reduces«i@i?omhe alveoli. Going from deflated to inflated to deflated to inflated and on and on can put stress
on the alveoli; PEEP decreases the difference between those two states so that less net movement is required for
each inhalation. We talk about this more in the section on Driving Pressure, so no need for more detail at this

point.
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To summarize so far: PEEP is a residual pressure that we leave in the alveoli during exhalation to both
maximize pulmonary respiration and maintain recruitment of alveoli.™ So now that we have that clarified, let’s
look a waveform representing pressure into the system as we deliver a breath. We've seen this image
previously, but now we are going to add to it. The first breath is with no PEEP or zero PEEP or “ZEEP”, the
second one (right) is with 5cmH>0 worth of PEEP added in:

+ t __
1)
& 2
] =
& [ time > & | time > PEEP (SemH,0
' ' above baseline)
this baseline represents
0cmH,0 (per the machine)
760mmHg (per the planet)

And to visualize this same idea over time, let’s think of it this way:

+ i
: | ;
a ' | |
g 7 . E more pressure
, l?ok at .nll ‘ths extra ! ! (within safe limits!)
time Wfth increased | means more gas exchange
pressure into the system !

- pressure +

g

S

elc...

e B
- R (SR SRR

1

| I [

exhale inhale exhale

:

7 Kallet & Branson, 2016 — They explain that PEEP doesn’t necessarily open the alveoli as we often hear it described, rather PEEP
keeps the alveoli open after inspiratory pressure changes (or recruitment maneuvers) open them up; also, to review the idea of
pulmonary respiration look back to the section on Terms to Describe Breathin
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N Now this is not to say that gas exchange is nonexistent on exhalation in the first (no PEEP) case, Just
that it is gugmcn.ted during the second one. There are also other mechanisms by which PEEP facilitates
Oxyg-enatlon, _pyt those will come up shortly in-the-section-om-Qxygenation. The important thing to note for
now is that PEEP basically acts to keep alveoli open during exhalation and that helps us utilize more lung
volume while breathing for the patient.

. Let’s next take a It_)ok at downsides of PEEP. Most relevant one to mention is that PEEP can decrease
CO."™ Recall from a previous discussion that any increase in intrathoracic pressure can impede blood flow bacl;
to the heart. Because of this, normal PEEP}\/@;@]fess than 10cmH:0. That said, we sometimes use PEEP{ upt0
2(?cmH20 in specific cases and we will talk‘about those later. Other negative consequences of PEEP yarfw
w1del_y from things like worsening hypo:’t/ia and increased V/Q mismatch to decreased extra-thoracic organ
function and decreased cerebral perfusion pressure.” That said, the important thing is that these negative
effects typically manifest when the application of PEEP is taken beyond the level of therapeutic benefit. To
phrase it a different way: use PEEP when needed, but don’t assume it is without consequences and be sure to
utilize it judiciously. And the specifics for how we go about that will be discussed shortly.

75 Clinical Analvsis Management. 2019; Strong. 2013 — And this effect of decreased CO due to PEEP isn't so much a thing with a

well-hydrated patient, so we can
reference says euvolemia mitigate
field, but the takeaway is that volume fixes the issue)

76 Coruh & Luks, 2014; Yartsev. 2019 — Refer to these sources for detai

PEEP

mitigate that somewhat by giving fluids if our patient will tolerate it (and just to clarify, the first
s this effect, the second says that hypervolemia is needed — that distinction is difficult to make in the

led explanations of all of those negative consequences of

[OF 570] BARE

E%“gﬁ]
uaiE

1.
= O]

k<



Rykerr Medical’s Vent Management Guide

a centilation: PST — pounds per squafe inen
Ly eodar minule LY minute venh Ot

/ -
4l volume, ZEEP  zcro

Pressure contr
RR
VQ

PPV - positive pressure
VA

exhaled t

'_'\|\||_,|.u|\ rate. s .'-hl!"\

\ wdal volume
Ve

SCCONAis)

ol. PEEP \J/L{L)I\ PICssLITe

ventilation pertuson AT  udhhs olume end-expiratory pl

Inspiratory Time (and I:E Ratio)

The next term to consider is inspiratory time, often referred to as I-time. I-time is the amount of time

over which we deliver a breath and varies by age as so:”’

age description age (vears) I-time (s)
infant .083 (1 month)—1] 0.3-06
toddler 1-2 04-0.9
prescheeler 3-5 05-0.9
school-4ged child 6—7 0.6 1.1
big kiddgs_\ 8-9 0.6—1.2
preadoleséent 10-12 0.7-14
adolescent 12-15 08-1.7
adult 16 and up 08-1.7

One idea related to PPV is that the more time we spend pushing air into system, the more O2 gets moved
into the bloodstream. This means that more time spent on the inspiration side of the breath cycle (versus
exhalation) equals better Oxvgenation.” With that in mind, the most intuitive way to increase time spent at
inspiration would be to lengthen the I-time. gx_v\e do that, however, we have to accommodate by decreasing

time spent at expiration o' )a{ nsider seventeen breaths over one minute of time:
g1
60s +

if “in” or inspiration = 1.0 seconds,
then “out” or exhalation = 3.5 seconds — 1.0 seconds
“out” or exhalation = 2.5 seconds

if we lengthen inspiratory time to 1.5 seconds:
exhalation time = 3.5 seconds — 1.5 seconds
= 2.0 seconds

n See Appendix for how we got all these numbers
_ 78 Discussed again later when we get to Mean Airwav Pressure
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— Wte of_ien feP(ESept this ratig between I-time and expiration time as an I:E ratio to describe the amount of
n ]_ll’en at inspiration l?gcompanson to the amount of time spent at exhalation. A normal I:E ratio is
ywhere from 1:2 - 1:3." Let’s build an IE ratio for the above examples:

in the first example, we have 1.0s : 2.5s, so our I:E ratio is 1:2.5

in the second example, we lengthened out inspiratory time to 1.5s:
s0 we now have 1.5s : 2.0s

now we need to simplify the ratio so that one of the numbers is 1

simply divide both sides by the first number: :—';1 ; j—g

and solve for our new I:E ratio of 1:1.33

To .bring it b_ack home: we had a rate of 17 and an I-time of 1.0 with a resultant I:E ratio of 1:2.5. We
wanted to increase time spent at inspiration, so we changed our I-time to 1.5 and ended up with an I:E of 1:1.33.
For now we don’t have to worry about the si gnificance of these numbers, we just need to understand the math,

h_ow we ge.t to these numbers, and the terminology associated with them. Let’s try another example, but this
time we will adjust rate instead of I-time:

per above: rate of 17, I-time 1.0s =1:E of 1:2.5
now let’s increase our rate to 20 and recalculate the I:E ratio
60s + 20 breaths = 3 seconds per breath

if “in” or inspiration = 1.0 seconds, then “out” or exhalation = 3.0 seconds — 1.0 seconds
therefore “out” or exhalation = 2.0 seconds

in this example, we now have 1.0s : 2.0s, so our I:E ratio is 1:2.0

now let’s shorten our I-time to 0.8s and see what happens:
if “in” or inspiration = 0.8 seconds, then “out” or exhalation = 3.0 seconds — 0.8 seconds
therefore “out” or exhalation = 2.2 seconds

now we have 0.8s : 2.2s,

but we need to make this an I:E ratio with 1 as the first number:

222212275
08 08

" Yartsev. 2019 - To clarify this idea: a normal I:E for the spontaneously breathing patient is in the neighborhood of 1:2, but often
times we see something more like 1:3 with vented patients because we leave I-time alone at a default of 1.0s — because of this
convention and the facts that it is both common practice and generally well-tolerated, we’ve stated things as we did and will carry on

. with this assumption
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PC pressure control, PEEP

posttive end-expiratony pressure, PPV — positive pressure venulation, PSI - pounds per square inch
RR ¢ \ .
; CSpuratory rale. s - second(s); TV - tidal volume: VA - alveolar minute volume: VE - minute ventilation
[ : \
Q - venulation/ perfusion, VT - tidal volume: \ Te - exhaled ndal volume, ZEEP - zero end-expiratory pressure

. Ar}d let’s summarize this all one more time and make a few generalizations: we can shorten our L:E ratio
by either increasing I-time or increasing rate; we can lengthen our I:E ratio by decreasing I-time or decreasing
rate. A shorter I:E ratio means less time (in relation to the whole in/out cycle) spent on exhalation, a longer or
lengthffned LE ratio means more time for exhalation. We will talk about this later when we get to ventilator
strategies, bL.lt !mpw that some patients can benefit from a shorter I:E ratio and other can benefit from a longer
LE ratio, o it is important to know which changes affect the I:E ratio in which direction.
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Types of Breaths

Let’s take a few minutes to discuss an image we presented towards the beginning of this manual. We
Wwant to explain in a little more detail each of the following types of breaths depicted below:*

Spontaneous Assist volume Assisl pressure l-’muur- support
breath control control and pressure- ventilation
regulaled volume control

Pressure <

A
o HVI\VL\
ANVANVANYAN

There are three waveforms depicted for each type of lﬁeath but our focus for now is on the first two

rows: pressure and flow, e sh o%n over time. We ‘sometimes hear these graphics of vent function described
as “scalars,” as in a “press df;;calar or "ﬂovﬁlme alar.” The image above shows ideal scalar
wavef‘onns real ones as p d by a vent maﬁv&ry somewhat and will be less clean-cut than these guys. But

enough on that for now, l t’s move on to each of these things: pressure and flow.

8 Fuller & friends. 2014 (image)
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OK alnght. PC - pressure control. PEEP  positive end-expiraion pressure e prs
PS  pressure support, RR - resprratony rate. s second(s). SIMV synchronized itemttent mand
\f. vorluime cant

Pressure is measured by the machine somewhere between the ETT and the wye where the inhalation

side of the circuit splits off from the exhalation side of the circuit:*

most accurate measurement
to reflect airway pressures
would occur here

likely will be measured here (to avoid gunk
from interfering with measurements)

realize that all of the mechanical dead space stuff sits
between the ideal spot and the (most likely) actual spot
where pressures get measured - this is generally OK for
no-flow states (end-inspiration and end-exhalation) and
it also allows us to visualize how these equipment things
are interfering with the delivery of air

pressures get measured
somewhere in this space

Another thing to mention is that the pressures we measure don’t directly describe pressures at the alveoli
or terminal ends of the airway, they reflect what’s going on outside of the patient’s body. That said, we can
manipulate the system to approximate alveolar pressures (and we will discuss how to do that later) and we
assume that the value we measure correlates with average pressure at the alveoli. Pressures experienced by
individual alveoli vary throughout the lung and our measurement occurs outside of the lungs themselves, but
this is the best approximation we have and therefore we base our treatment on the information available to us.
The waveform that shows pressure over time gives us a visual representation of how pressure changes at the
mouth side of the system as we deliver a breath. And we already talked about how pressure is measured (in

terms of units), so we are good on this general idea for now.

*1 Hess. 2014 - Also provides an overview of flow, which we discuss next

P P L L L L R R R R R R R R R R R R R R R R R R R R R A aaedaadaan « .
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. Next concept to discuss is flow. Flow is a description of how fast we move air through the system and is
quantified in LPM.* When we describe flow, we do so at the machine side of the system. As air moves away
wever, different things can interfere with the speed at which the body of air is moving.
easure flow (rather we create flow and send it out into the universe via the machine), we
ence indirectly via other parameters (such as pressures and volumes). Here’s how it looks

from the machine, ho
But since we don’t m
see all of this,.-’iMErfer
mapped out Over top of the system:

r ~— = A ﬂ--{f‘j .7_.‘11 aor?d

_WEe can conceptualize flow as the speed at
which air moves down all these things

e - ——

i

\ s
AL

breathing
machine

flow is produced at a
predetermined/ calculated
quantity by the machine

other parts can parts like this that are
obstruct flow or uniform and smooth
cause turbulence  don’t mess with flow too
in the movement much, air can basically
of air pass by uninhabited and
maintains its momentum

when the mass of air meets the end of its journey here in the Iungs,
the result is an increase in pressure, inflation of the alveoli, and
diffusion of gas into the capillaries

82 And sometimes notated by the symbol V, but we also use that same symbol in Fick’s Law stuff in the next section and don’t want to

get things confused...
-5
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Now that we are set on the

. \ basics of pressure (as measured in the system) and flow (as produced by the
machine), let’s look at a few of the

s¢ waveforms again and see how we can deliver breaths in different ways:*

Assist volume Assist pressure  Pressure support
control control and pressure- ventilation

regulated volume control
pressure - / ‘ l
\ B -
flow > J / V l/

First thing to note is that there are three general categories: VC breaths (left), PC breaths (middle), and
PS breaths (right).** In VC a breath is'most commonly delivered via a “square-waveform” flow pattern in
which the machine spins up = to a set flow, holds it for a predetermined amount of time, then cycles
off. With PC and PS breaths, however, flow is delivered via a “decelerating-waveform™ flow pattern in which
the machine starts a breath by spinning up to a max pressure and then slowly maintaining that pressure by
delivering less and less flow until the breath cycles off. To say this all another way: VC gives a constant flow
for variable pressure, PC and PS give constant pressure at variable flow.

Let’s follow this up with a series of sequential facts: There are some machines nowadays that can give
VC breaths via a decelerating pattern, but those aren’t commonly used in the transport setting.* That means we
can lump these three types of breaths in to two groups: volume/ square flow and pressure/ decelerating flow.
Unless we are in VC and SIMV, we ventilate patients with one type of breath at a time. In very general terms:
the pressure/ decelerating-waveform breaths are more comfortable for patients but take longer to deliver (i.e.
not ideal when we need to give breaths fast or allow lots of time for f:xhalation)‘.,\6

8
L

; \nk‘ \ﬂ"k \l\

7 L’*\’.P-’(. >

[ edts

8 Fuller & friends, 2014 (image)

# Qur labels differ slightly from those in the image, but we’ll hash all of this out soon
8 Gonzales & friends. 2012 — Amongst many other fun things, these guys explain how pressure/ decelerating-waveform breaths may
be best for ARDS patients and volume/ square-waveform breaths may be best for obstruction related to COPD

% lyer & Holets, 2016 — And in this presentation on vent waveforms, they describe how longer I-times may be indicated for patients
vented with a decelerating-waveform pattern

a & & &
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As for the two types of pressure/ decelerating-pattern breaths (PC and PS), there are a few things to
mention. First is that the pressure used to describe these breaths can either be referred to in addition to PEEP or
inclusive of PEEP fand sometimes we describe the value as “cumulative” or “absolute” to include PEEP or
“additive” to say it is added on top of PEEP).*/ This varies by machine, so just be aware of it:

N

additive:
N PC or PS = 10cmH,0
E cumulative or absolute:
g | ocmHOPEEP I PC or PS = 15cmH,0
=1 time >

Another concept to discuss is rise time. This term describes how fast we get from zero to our set
inspiratory pressure (either PC or PS). Different machines describe and label this parameter differently, but the
general idea is that a shorter rise time (which may be also referred to as rise profile) the faster pressure gets up
to what we have set.®® If we have a patient in PC or are observing a PS breath and notice a high pressure, our
rise time may be set too high and we may trial a lower value. This isn’t something we mess around with too
often in transport, but it is good to know if we are troubleshooting issues. Just keep in mind that a higher rise
time may mean less TV if I-time is not adjusted (i.e. lengthened) to accommodate that change. And then if I-
time changes, we may end up with less time for expiration (i.e. we will have a shorter I:E ratio). Again, not
something we routinely mess with in invasive ventilation, but it is good to know.

¥ Ashworth & friends. 2018, Bauer, 2016a — The first mentions this idea in passing in the context of PC ventilati /;/the second

reviews this idea in the context of non-invasive PPV (which we don’t get into here in this manual)
8 Yansev, 2019 — For a more detailed discussion of that and how things differ between machines, naviga

ERELE EiFRE ELyEsE
1
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PS ;L‘ PC pressure control PEEP - positne end CApiratory pressure: PPV - positive pressure ventilation
. CNSUTE suppo » .

Csupport; RR respiratory rate: s - second(s) SIMV - svinchromized intermittent mandatory ventlation

V( volume control
- ! P Con grq”
The next thing t i i 4 : )
i & to mention here is how PC and PS breaths di r. While both are given via a
ecelerating-waveform pattern, the mecha

i : nism by which/flow is terminat d changes things. A PC breath is
designed to deliver a full breath even with y nated|changes thing

fabreath. Because of this difference, a comparable titration of
h h PC and PS) may result in different changes of volume in the very
Same patient. Now the mechanism by w (

b _ hich this works is known as “termination,” the parameter by which the
machine decides to Stop supporting a breath and begin exhalation: ( 5 1 e
\ D'l ) -
‘/ At v f_ ¢
PC breath PS breath when flow drops below a certain threshold, the

breath cycles off

this threshold is defined as a percentage of max
flow for that breath (ex. flow termination of 25%)

-

- flow +

time = . there can also be a time limit to terminate the
breath; so if after a set time (ex. time termination of
1.0s) the breath hasn’t terminated due to the flow

trigger, then it gets cut short by the time trigger

- flow +

we’ve shown this PS breath with a PS setting lower
than the accompanying PC breath (lower amplitude
in the pressure waveform), but recognize that this
doesn’t have to be the case

time <>

- pressurc +
- pressure +

-55-
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So to get more volume in a PS breath (represented by area under the flow time waveform), we either
need more patient effort (i.e. don’t take away a patient’s respiratory drive with too much sedation) or we need to
maximize our termination triggers (i.e. lower value for flow termination, longer time termination).* We don’t
typically get that far into the weeds with invasive ventilation and PS, but we will often see this idea discussed in
terms of non-invasive ventilation (which, again, we don’t cover in this manual).

Last bit of this section: let’s review different types of breaths as they relate to mandatory, assisted, '
supported, and spontaneous breaths (which is slightly different than they were described in that first image in

the section). We’ve touched on these in passing as we moved through the different modes, but we’ll just clarify
a few things and show how they vary from one to another starting with a quick graphic:*

'. 3 5
R & F 4 @ &
Q“ S S @ 8 W P (O
\© 1& ¥ i \&QQO o 1\'@9 A4
o o o NS
9"0@"6 e e
G‘De'o‘ oo \ﬂﬁep A
o\ 'r?t o ,
N e a— T
\,-_Jn:'é\,y\a A\ b / - ',-A{'L }\ H gt
Mandatory or machine-delivered breaths are the ones that we deliver via our set}tI( on the vent and to a

specific goal, whether that be volume or pressure. Assisted breaths are triggered by patient effort and then the
machine delivers a full breath to match the same goal as for the machine-delivered ones. Moving right,
supported breaths are also patient-triggered, but get delivered via pressure support and not to a set goal.
Supported breaths are often smaller than mandatory or assisted ones, that’s why they have been shown with a
[ shorter green line.”’ And lastly are spontaneous breaths that don’t get supported or assisted. These breaths
basically get ignored by the machine and function solely via patient effort. We typically don’t see these, as we
| ventilate patients in AC or SIMV modes, but they are shown for comparison. ¥

<1 ’&' c 8 e Wbk

‘ AT W Tt
':\k..i:(rk'«' ' b;‘r\) ' L A dte
w\xo‘\“"

8 That said, the primary mechanism for terminating a breath will be the flow term and it may help to think of the time term as a
backup in the event that the breath doesn’t end via the flow term mechanism

% Chatburn & friends. 2014 — We mentioned this already, but just as a reminder: our labels differ somewhat from what we might
consider the official ones; look to this article for more on that idea

*! But again, this doesn’t necessarily have to be the case — see section on SIMYV for more on this idea
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VC  volume control

To take this discussion one step further, let’s consider which types of breaths apply to which types of
ventilation. In AC mode we have mandatory breaths and assisted breaths and neither supported nor
spontaneous breaths (all breaths that meet the trigger will get assisted). In SIMV mode we have mandatory
breaths, assisted breaths (when a trigger is sensed within the mandatory period), and supported brc?aths (when a
trigger is sensed in the spontaneous period). In neither mode do we see spontaneous breaths. While there may
be spontaneous effort that doesn’t meet the trigger (and this theoretically could contribute some tq MV), all
noteworthy patient effort (defined by meeting whatever trigger threshold we have set) will get facilitated by the
machine in some way in either mode.”

2 And we realize that we’ve talked a lot about Triggers here, but the details on that have been deferred until later on
EEE
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Three Big Things 2 Vs M [or
7 et ~er u
There are three super=duper imporfant things that need to be monitored and addressed for all ventilated 77
patients, hands down and no matter what. The order in which we discuss them here is totally arbitrarysthey all
hold equal weight and are interrelated. The discussions that follow are in general terms and not specific to

certain pathologies or patient types, that stuff will come soon.  \ , o
g Vil 3 gl et
Fﬂ v F)’() ’:'f‘! "',g_}-"' -ﬂlr’(r d
Oxygenation ¢ MJ fq oty gl
4 - R

It may have come up once or twice before, but O2 is pretty important stuff. O; gets to tissues via a few
steps, some of those we can affect directly with the ventilator. / The following is a version of a graphic we used
earlier that shows partial pressures at a few steps along the wAy in the spontaneously breathing patient:

“ldi ot 0 L padl og ] s
ambient air: A ﬁ(‘wﬁfrf P bd[g Js T i 1§ o P
PO:=160m.mHg wor e O Ay . Ao
at the alveoli: o
PO; = 100mmHg , ,
.
I i
Allecs

S— pulmonary capillaries:
S POz =40mmHg

Recognize that gasses will diffuse from areas of high concentration to areas of lower concentration. In
this baseline example, Oz will move from the ambient air to the alveoli, then into the pulmonary capillaries.
The first way that we can speed this process up is by changing the partial pressure of O; at the start of the™™
system. Instead of 21% of the gas mix or 160mmHg of 02, we can titrate that all the way up to 100% (Fi021.0)
- or 760mmHg. This will increase the rate at which O diffuses to the alveoli, resulting in a higher ppniaT_—
pressure of O, downstream and, subsequently, faster diffusion into the blood stream: ‘

100% O, going in:

PO: = 760mmHg
at the alveoli:

POz = 663mmHg

e pulmonary capillaries:
e PO: =40mmHg

-58-

TIIIIIIITIIIIGGG Y




Rykerr Medical's Vent Management Guide

ue 2. 17 " ) T | v
O:  oxveen: PaO; - partal pressure ol artenal ony een. PECP DOSILYE end-exPIFILory Pressure PO: - partial pressure | o
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. Let’s recap this bit and do some math: PO; at the alveoli on ambient air is 160mmHg, POz at 100% Fi0:
is 663mmHg. To quantify the result of this difference let’s apply Fick’s Law:”

V - (P1—Py)x \:‘pnxD
. ) ‘ “(hil:kﬁe;'s
V = rate of gas diffusion across a membrane (i.c. at the alveolar membrane)
P, = ingoing pressure (i.e. to the alveoli)
P, = pre suréI at other side (i.e. in the blood)
Area = self-explanatory...
D = diffuSion constant for a particular gas (Oz in this case)
| Thickness = also self-explanatory...

4 AreaxD
Thickness
we end up with the following:

V=P -P)xk

is constant and we call it “k,”

and let’s add in some numbers for the ambient air and 100% FiO2 situations:
Vambient air = (100 —40) x k
= 60k

VI(}O% oxygen = (663 - 40) xk
=623k

That means that O, diffusion occurs ten times faster at 100% (or an FiO2 of 1.0) than at room air.
Which is both nuts and a clinically significant thing to be aware of. The takeaway here is that whenever we
need to increase the diffusion of gas across the alveolar membrane, FiO is a heck of a way to get that done.
The holdup is when other factors in the equation (area and thickness) are also issues or if the problem is with O2
transport after the point at which it diffuses into the blood'.XIn those cases we may need to augment this strategy

with other techniques, as we will discuss real soon.
Another thing to mention here is that O can cause damage when given in excess of physiologic need for

a sustained amount of time. Now the timeline at which the bad stuff can occur is likely longer than our
transport, but that doesn’t mean we need to get reckless and ventilate everyone with an FiO; of 100%. We’ll
talk in just a moment about how we evaluate oxygenation and the idea is to make sure a need is met while being

conscious that all interventions, even something as seemingly benign as Oz, have consequences. %

Q oY .
¥ \L,Q\ \N%u .
i Py

9 Desai, 2012 — Best ever explanation of this concept courtesy of Kahn Academy
% [Callet & Branson. 2016 — This article looks at both why it may make sense to limit oxygenation and how the negative consequences

of O; may be exaggerated
@A (oL

-59-

A A

N S S

3
]

e o



Return to Contents

BG - anenal blood was: CO - cardiac output. COy - carbon dioxide: FiOy - (raction of mspired oxyveen

”2[3 hemoulobi

' i 1 9 -ti 9 3
LE  isprratony to expiratory: I-time  mspiratory tme: mmHg  mullhimeters of mercury

. To expand on this idea just a bit before we move on, one specific argument against a high FiO; is the
1d-ea of a'f)sorption atelectasis — the closing of alveoli related to nitrogen washout and the fact that O> quickly
diffuses into the blood stream leavipgless gas in the alveoli.”® While the clinical impact of this theoretical
consequence is questioned by some,” i is worth keeping in mirid. And if we do give credence to the idea, ways
to mitigate this effect would be maintaining a patient’s spontaneous effort to breath (discussed shortly in
Comfort) and performing Recruitment Maneuvers (discussed much later).”

lncreash;E FiO; is one way to get more oxygen into the bloodstream. While this isn’t the fix for all
types of lTypo.xi' and there are some potential negatives, we generally start here when looking to address
oxygenation issues. The next way we can increase oxygenation is via PEEP. Now PEEP doesn’t quite work
b}{ the same mechanism, as the addition of PEEP doesn’t much change the partial pressure situation as we saw
with an increase in FiO»:

/ (compared to 100mmHg at
2 baseline/ ambient air)

5cmH:0 of PE,F.P@’ /

(and ambient air or FiQz 0/21)
PO: = 164mmH: at the alveoli:
[~ PO: = 10lmmHg

o pulmonary capillanies:
S PO; = 40mmHg

Y .Rn N ECDAVIN 5 \\4\5, HP@/'T L-;Pox«
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9 Dunphy. 2012 — Short video that explains this mechanism and how patient effort can mitigate the effect
% vartsev. 2019 — Also describes some of the other mechanisms by which Oz can adversely affect our patients
97 Hartland & friends, 2015 — The article outlines an argument for the use of these maneuvers in certain patients (which seems

reasonable to extrapolate to some of the patients we see in the transport setting)
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Instead, PEEP facilitates oxygenation primarily by increasing and thinning out gl¢eolar surface-arcF

throughout the respiratory cycle. We discussed this concept way back in the section.gn-Alveolar Surface Area
and again just a moment ago in the section on PEEP, 50 no need to redo all of thaf here. One more mechanism
by which PEEP helps oxygenation is that it cleans up the alveolar membrane, in a sensc, by pushing out or

displacing fluid that accumulates there. Think of it this way:

O: - oxveen: PaQ; - partal pressure of anternal oxveen. PEEP
) )
PvOs  partial pressure of venous onyeen, RB(

ne &
_/_
)?

before

S )
So assuming Ventilation and Comfort aré adequate

(see next sections), initial steps to fix oxygenation

Wty/stémﬂy-%vusaiﬂg&i;;appmach that titrates both
FiO, and PEEP in line with one anothéz>recognize that FiO: is our most direct f1 Q{Aimproving partial
pressure of Oz at the alveoli and has féw consequences in the acute (i.e. short term) setting. PEEP, on the other
hand, is especially helpful in facilitating gas exchange across the alveolar membrane and driving fluid out of the
but may decrease CO by way of a drop in preload to the heart (especially if our patient is down on

are increasing FiOz and then adding PE

i<
¥
L LR E R R REQRQRAQEQEaeds oo,

lungs,
ﬂuids)?' Lastly, both of these techniques (FiO; and PEEP) improve oxygenation throughout the respiratory
cycle.
¥ balh
'[ka; Uk 9 :sm:r,’) -
e X :

o BV
Pl

ALI/ARDS later on

% We’ll touch a bit more on this subject in the section on
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The next point to make is that all of the benefits of FiOz and PEEP (in the context of oxygenation) are

further maximized during inspiration:

thinner alveolar membrane

PO: increases
/

more alveolar surface area

increased pressure to
displace fluid

¢ tinde spent at inspiration further maximizes oxygenation, therefore strategy
number three to 7 oxygenation is to increase the I-time. And changing I-time consequently changes
our I:E ratio. More spgfifically, increasing I-time shortens our I:E ratio. For example, if we have an L:E of 1:2
and then lengthen I-time we might get an I:E of 1:1. And then if we extend I-time long enough, it will
eventually become longer than exhalation and wé end up with an “inverted I:E ratio” that might be written as
2:1. The primary drawback of a really lon (and of an inverted I:E ratio) is that it can be uncomfortable
for our patients and we will need to get aggressive to maintain patient Comfort. An inverted [:E may

also make it tough for the patient to ¢ fully, predisposing us to AutoPEEP.
Summary up to this point is that there are three ways to improve oxygenation by adjusting settings on

the vent: increase FiO2, add PEEP, and lengthen I-time. Now why do we not just fill(tbeﬁm p with 100%
long maximum diffusion of oxygenatiep

0 and keep them inflated — we’d have a forever- the blood stream,
or this. One is that we don’t want to affect hemodyn indefinitely (as

right? There are two reasons f

discussed above and previously). Two is that it isn’t all about O2. We also have to consider its partner in crime,

CO,, which doesn’t diffuse so well in gas (as compared,to 0;) because it is a bigger, heavier molecule. The

movement of CO2, therefore, is partially dependent on ovement of the body of air in which it hangs out. And
few more things to cover before we get there—" of

that leads us into our next section on Ventilation, but
Other things we can do to improve oxygenation| include sitting our patient upright/ vating the head of
lung volume via Recruitment Maneuvers, and considering

bed,®® ensuring adequate perfusion, utilizing more
Mean Airway Pressu re.,i\w We won’t get into the details of all of these things here, as the focus for now is on

how to manipulate the maghine.

This means that m
B

r;[f t I“'l.( [4 \jd
\

(which is a step or two removed from oxygenation), it

_ While this article/mainly focuses on lung volumes
¢ effects of elevating the vented patient’s head

ment that gong up on RR increases both the amount of time spent on inspiration and $Z2doing
) so we generally don’t consider RR one of the variables by which we control oxygenation

99 §pooner & friends. 2014
goes into detail on the physiologi
100 While we could also make the argu
so also impacts ventilation (next section
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A One more thing to consider is how we measure oxygenation. Our standard tool in the field is pulse

{t/'ﬁ y,oximetry or SpO2. SpO; uses infrared to see to what extent our hemoglobin is saturated with 0; (or oxygen-like

—

/ things, but we won’t worry about the tricky parts here). The process here goes like so: Oz gets to the alveoli, it

A crosses into the blood stream via diffusion gradients, then once in the bloodstream it gets picked up by

hemoglobin (Hgb) for a ride down the blood vessel. Let’s draw out the onloading process:

oxygenation
v
\
0O, from: ambient air to lungs lungs (alveoli) to blood I blood 1o cells of the body
insent the Hbg onloading step here!
freshly amved O, - O
+ = Hgb

Hgb just passing through -~

So we have a Hgb with four seats free for the blood vessel train, one of which is occupied by an O,
molecule and the resultant hypothetical SpO2 here is 25% (1 of 4 seats filled). Fill all four seats up and we are
“100% saturated” as so:

Jrqa 0[6
vaaa 3 n, z ; ‘ i 02 02
video At v Ahg Eﬂr'., ~N ~
c ,l 'grl 6zl +0 I H b
g en? ) | r’”ﬂ& L\g}o ~ & ~
pds = e 4 I el
e wil drong | [Zihd gt £ 0, 0,
b e T
fiee(. €WV b

Do note that Hgb doesn’t cruise freely through the vessels, it comes attached to red blood cells (lots and
lots of Hgb per each RBC), but the four seats per Hgb is a fair description. Also consider that we measure this
saturation peripherally (hence the p in SpO2). This means that if blood isn’t getting to the periphery where we
have our little probe attached, numbers may not be accurate

101 Sj|verston. 2016 — Short article on the limitations of SpO;

—
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Now there are some programs that have the ability to measure blood gasses, and therefore the partial
pressure of arterial oxygen (PaO:) or even venous oxygen (PvO>), in transport. Since that isn’t all that
common, we’ll just touch on a few things. PaO; and PvO; provide a snapshot in time, while SpO; provides as
continuous stream of information.'”> PaO; would be preferred to PvO», as the latter depends on things we can’t
measure in the field (i.e. how effectively O; is getting into the arteries and how much of it the body is using),
but there have been investigations into how we can use a peripheral blood gas to direct treatment if we keep

these other components in mind. ' i
One last summary before moving on from oxygenation. Oxygenation is one of the%:’ three super=duaper

important things. We measure it via SpOz, which tells us how filled up with O, the Hgb (attached to RBCs) in
the blood are as they move past wherever we have attached the SpO: probe. To get a,bé't’ter number (or improve
onsygenation) by moving things around on the vent interface, we have three options (and we typically do them in
th1§ order): increase FiO;, add PEEP, lengthen I-time. All that said, let’s not forget the basics: position the
patient appropriately, verify that perfusion is adequate, and make sure ventilation and comfort are addressed

simultaneously (see next sections).
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102 Farkas, 2016 — In fact, this piece outlines a number of situations in which SpO; might be preferred to the ABG
103 Chemtob & Moller-Sorenson. 2018 — These guys looked at the use of a peripheral value in comparison to a central-venous sample

and found some correlation to indicate that a peripheral value might be used to guide and direct treatment

Be5E Bk
[GRae m%.




Rykerr Medical’s Vent Management Guide

mmHg - millimeters of mercury: MY minute volume, Oy -~ oxveen: PEEP - positive end-expiraion |
RR respraton rate, TV udal volume. VA alveolar mimute ventilation

Ventilation

A\Neﬁ super-duper-important thing is ventilation. Ventilation refers to the movement of air in and-out of

the system as'we both deliver breaths and allow exhalation. As discussed before, this is vitally-important for the

movemenf of CO;. Too much CO> hanging out in the lungs with no escape is bad news, so we can’t just focus

on getting Oz in. So how do we know if we are moving enough air for a given patient? There are two strategies

here and we will discuss them both in turn: calculated MV and EtCOs.
If we math it out, our minute volume goal for the typical patient should be:'*

€ (e <

MV = 100mlkg (IBW) /iin

This number varies a bit for patients with an increased need (i.e. Acidosis), but it’s a good place to start
as written and is an appropriate minimum for most patients. Having a goal minute ventilation in mind and then
assessing actual minute ventilation (typically measured by the vent) is great way to ensure that the patient’s
needs are met.

Concurrently, we also use EtCO; to monitor ventilation. When the body uses up O2 at the tissue level it
kicks back CO into the blood stream. That CO; then makes its way up to the lungs where it passes into the
alveoli and then is exhaled out. It looks about opposite to our previous sketch showing how O> moves through
the system:

movement of
carbon dioxide
C_j ~.
S
CO, from: cells to blood blood to alveoli alveoli (lungs) lo universe

The value we get on our quantitative EtCO; reading is a function of all of these factors. The standard
approach to managing ventilation with EtCO; is to use a base range and adjust MV to get the quantitative value
within that acceptable range. Normal range for EtCO2 is 35-45mmHg; values above range require an increase
in MV to “blow off” more CO, values below range require us to read the next paragraph carefully.

1% And we discussed where

is number comes from previously, in the section titled Minute Volume
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A low EtCO:; can be caused by a few different things, one of which is hyperventilation. This can be
__detrimental to a patient, as an alkalotic state (due to too much MV and a low EtCO:) can throw off the patient’s
homeostasis and lead to some bad'stuff. In this case, it’d make sense to decrease MV (by lowering either RR or
TV) to get the EtCO; (and therefore ventilation) back to normal. All that said, a low EtCO2 could also be due to
a breakdown somewhere els¢ in the system (i.e. at any of those yellow lines in the previous drawing). For
example, if perfusion is no good we may see a low EtCO; even though the issue is not necessarily a ventilation
problem. In this case we could kill the patient by chasing their EtCO: or dropping MV to an unsustainable
level.
We can navigate this whole situation by managing ventilation by looking at both minute volume and
EtCO- instead of just EtCO,. There are times when we will be a bit off with MV and others when our goal
range for EtCO; varies, but this system of dual parameters to evaluate ventilation is a safety check to remind us
of all the factors involved. So to summarize: we measure ventilation using both a ca ed MV goal and‘
EtCO>. MV goal, which is considered a minimum in most cases, is around 100m in; normal EtCO2 is 35-

45mmHg.
And one final point before we move on: when faced with the choice as t

,-é or TV to-effect a change in MV, here’s what we recommend: to increase lV_IV,
' V utilize RR first. To explain why that is, let’s say we have a patient breathing at a RR of 15 and a TV of

e d

ether we should manipulate
utilize TV first; to decrease

450ml:

anatomic
dead space

alveolar TV

J

TV 450ml
- anatomic dead space 150ml x 15/min

MYV = 6750ml/min

VA = 4500ml/min

alveolar TV 300ml
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Now assume we need to increase VA by an arbitrary value of 300ml. We could do this by either of two
ways: increasing rate to 16 or increasing TV of each breath by 20ml.'** While either method is just fine
mathematically, adding in an extra breath is a bit less efficient and puts more stress into the system. That §tress
comes in a few different forms, but we’ll get to all of those later.'® And here’s how the math would look in
either case:

increase in RR - more time spent during inspiration
(which may theoretically be OK for oxygenation issues, but we prefer
to keep ventilation and oxygenation independent in our vent changes)

case one: increase RR
TV 450ml MV = 7200ml/min

- anatomic dead space 150ml < 16/min \
alveolar TV 300ml VA = 4800ml/min MYV is different
(i.e. more dead space in
case one)
case two: increase TV
TV 480ml MV = 7050mV/min VAis the same
- anatomic dead space 150ml & 15k
alveolar TV 320ml VA = 4800mV/min

Now on the opposite end of things, if EtCO is low (which indicates too much MV), then we back off on
RR first. That gives us the same differences, but in the reverse: less VA (which is what we want) accompanied
by less time spent during inhalation. As we said before, either strategy (titrating RR or TV) is fine to make a
change to MV, it’s just a bit more efficient to use TV to increase ventilation and RR to decrease ventilation.
And we start our ventilation strategy using a weight-based goal for MV (by way of an age-based RR and
weight-based TV) and then titrate it as we go to an EtCO2 goal.

195 Yartsev, 2019 — A few things about this argument (which are addressed in the linked page and discussed even further in the
references mentioned there): while anatomic dead space is correlated with TV delivered and not a weight-based value, there is some
credence to the idea that increasing TV as we’ve shown doesn’t much affect anatomic dead space; lots of factors are involved in this
process and the best way to know for sure would be to use volumetric capnography to quantify dead space for a given patient and then
again after changes are made, but this isn’t something most of us have access to in transport; we'll work on this assumption by
cot;nvennon and because it simplifies things for us, just know that there is more to it if we dig deeper

I Morc breaths means more %TaDP (a made-up term discussed in the Hypotension strategy) and an extra inflation/ deflation cycle
which can put stress on the alveoli (discussed already in PEEP and again later on in Driving Pressure)
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Comfort ‘
Y4

The third super=duper important parameter that we need to considef With vent management is patient
comfort. On one hand; if our patient is not comfortable, (s)he may be ‘?éﬁting the vent” or “out of synch” and
ﬂf'e therapeutic effects t :t;v\ve want will be more difficult to attain.( This asynchrony can also lead to increased
alrway pressures whichjleads to more problems dOWnstream.)And one more thing: it’s kind of rude to shove a
pla.stfc tube down someone’s throat, take over their respiratory function in a way that goes opposite to normal
P?lySlf_JlOgy, and then load them up inside a small flying box with people crowded all around and lots of noise,
vibration, weird lights, etc. So let’s be nice people and keep our patient’s feelings in mind.

When we manage comfort it is important to have a strategy for quantifying the idea so that we can gauge
the efficacy of our interventions. Many agencies recommend scales or tools to use and here are some examples:

TABLE 3. RICHMOND AGITATION-SEDATION SCALE

Score Term Description

+4 Combative Overtly combative or violent; immediate danger to staff

+3 Very agitated Pulls an ar removes tube(s) or catheter(s) or has aggressive behavior toward staff
2 Agitated Frequent nonpurposeful movement or patient-ventilator dyssynchrony

+1 Restless Anxious or apprehensive but movermnents not aggressive or vigorous

0 Alert and calm

-1 Drowsy Not fully alert, but has sustained {more than 10 s) awakening with eye contact in

response to voice

-2 Light sedation Briefly (less than 10 s) awakens with eye contact in response to voice

=3 Moderate sedation Any movement (but no eye contact) in response to voice

-4 Deep sedation No response to voice, but any movement in response to physical stimulation
-5 Unarousable No response to voice or physical stimulation
Procedure
1 Observe patient. Is patient alert and calm (score 0)?

Does patient have behavior that is consistent with restlessness or agitation (score, +1 1o +4 using the
criteria listed under Description)?

If patient is not alert, in a loud speaking voice state patient’s name and direct patient to open eyes and look
at speaker

Repeat once if necessary. Can prompt patient to continue looking at speaker

Patient has eye opening and eye contact, which Is sustained for more than 10 s (score, 1)
Patient has eye opening and eye contact, but this is not sustained for 10 s (score, -2)
Patient has any movement in response Lo voice, excluding eye contact (scare, -3)

If patient does not respond to voice, physically simulate patient by shaking shoulder and then rubbing
sternum if there is no response to shaking shoulder

Patient has any movement to physical stimulation (score, -4)

Patlent has no response to voice or physical stimulation (score, -5)

Reprinted by permission from Reference 105
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PS - pressure support, RASS  Richmon:

1eitation-sedation scale: SIMY — synchronized intermittent mandatory yenuatio
MV volume control
TABLE 1. NONVERBAL PAIN SCALE
Category
0 1 2
Eace No particular Qccasional gnmace, tearing, Frequent grimace, tearing,
expression or smile frowning, wrinkied forehead frowning, wrinkled forehead

kin, ntion through
Activity Lying quietly, normal Seeking aue two 1roug Restless, excessive activity and/or
m: m 5 «
(movement) position ovement or slow, cautious withdrawal reflexes
movement

Lying quietly, no
Guarding positioning of hands  Splinting areas of the body, tense Rigid, suff
over areas of body

Change over past4 h in any of Change over the past 4 h in any of

Physiological | Stable vital signs (no the following SBP > 20 mm Hg, the following SBP > 30 mm Hg,
(vital signs) change in past 4 h) HR > 20 beats/min, RR > 10 HR > 25 beats/min, RR > 20
breaths/min breaths/min

Dilated pupils, perspirnng,

Physiological It Warm, dry ski
tyslolg FEnySein flushing

Diapharetic, pallor

Definition of obbreviations: HR = heart rate; RR = respiratory rate; S8P’= systolic blood pressure.
Reprinted by permission from Reference 15

_g\(ﬂ1,.

On the other hand, however, a completely s¢dated patient making no effort to breath on his or her own
suffers 100% of the negative consequences of PPV. Maintaining patient effort and supporting it appropriately
with the machine decreases the degree of all those bad things we previously discussed, shortens clinical
course,'%” and helps improve both Ventilation and Oxygenation.'® Furthermore, having access to subjective
feedback from the patient (effort to breath, movement, response to stimuli, etc.) allows us to better monitor
whatever else is going on. Because of this, paralysis should be a last resort for nearly all ventilated patients;
instead we should attempt to maintain comfprt by both analgesia and sedation (which, just to clarify, are two
distinct concepts). ' 1

/

197 Ghamloush & Hil). 2013 — While this article focuses on SIMV and how we maybe ought to get over our love for the mode and
move on to better thfngs, it touches on the idea of synchrony in a general sense along the way

1% Mauri & friends. 2017 — Discusses how to navigate the benefits of spontaneous breathing in the vented patient with potential
consequences

199 patel & Kress. 2011 — We've also taken the graphics for the NVPS and RASS scores from this article

O} 2% 2 0} ERE
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Now let’s differentiate between the idea of synchrony and compliance. Synchrony is when the
ventilator’s efforts are in line with the patient’s respiratory effort.' 10 Asynchrony, therefore, would be whep the
patient wants a breath in a given instant, but the machine decides to give a breath some other time. Compliance,
on the other hand, is often used to describe how well the patient follows the lead of the ventilator. A para!yzed
patient is for sure compliant, but that doesn’t mean it should be the goal we aim for. Rather we should strive for

synchrony and let the patient take the lead on things, adjusting settings along the way to match mechanical

support to patient cues. i
So the strategy to address comfort for the vented patient is to treat the extreme end of discomfort using

drugs (both analgesia and sedation) and then do what we can to optimize synchrony on the vent itself once the
patient is comfortable enough to respond to more fine-tuned settings. To begin this fine-tuning, we first want to
make sure that patient effort to bx_.—é hvis supported by the machine. We will talk about Triggers later, but the

general idea is that we don’t want tb’_’,fgnore patient effort and we also don’t want to send breaths down the .
circuit accidentally. We may have to trial different thresholds and types of triggers until we find what best suits

the patient and that’s completely OK.

Another thing we can do is adjust I-time. Occasionally a minor adjustment here can make a patient feel
more comfortable. Not sure there’s any evidence on this beyond the anecdotal, but as long as we aren’t making
large adjustments that impact other values, we should be good to experiment here. One thing to keep in mind is
that a normal I:E is 1:2 and that a ratio closer to 1:1 is common at exercise. While the link from exercise to
acute illness may or may not be valid, this could mean that the higher ratios we commonly end up with on the
vent due to how settings get auto-calculated may predispose our patient to discomfort.'!!

Switching mode or control may also help in the discomfort situation. We mentioned this already, but
d differently in each mode or method of control and sometimes one may

different Tvpes of Breaths are del/iteﬁ

work better for the patient. This(is a?;gﬁib(l‘dt'éi valid reason to switch from VC to PC (or vice versa) or to
move from AC to SIMV (again, or vi e”\{f;“r*é'a)'. ‘We will outline a few cases in which one style of ventilation
may be preferred over another, but baring a specific reason not to do the swap this is one way we can attempt to
address comfort by changing settings on the vent. Specifically to SIMV, if we have a patient triggering breaths
we can vary PS and see how (s)he responds. We mentioned already that it is the custom to have PS breaths be

smaller than mandatory or assisted ones, but that doesn’t have to be the rule.

t

s §hitd [ { e
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this discussion of synchrony /)
' Johnston. 2017 —This article looks at this idea in terms of a fraction of I-time over expiratory time and is geared to pulmonary

function tests and exercise physiology

10 Goligher, 2017 —/Tﬁi;s,arﬁ?? (which we referenced before) is brief, but gets into the weeds on some of the more subtle concepts in
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! ‘ ‘ . I . 1 I - ation
PS - pressure support, RASS - Richmond agitation-sedation scale; SIMV — synchronized intermuttent n andatory ventilatio

VC - volume control

Now let’s summarize our approach to patient comfort. The goal in addressing comfort is to m.axlmlze
synchrony and this includes both matching ventilator effort with patient need arid maintaining the patient’s
spontaneous effort. To help gauge our efforts, a scoring system should be uti ized /BAL emes of disc‘m'nfort get
treated pharmacologically with both analgesia and sedation. After thal,;\'v can figfe'tine chfi_wtgr settings to
further maximize efficacy. Specific strategies include adjusting triggers, changing I-time/tola s

trialing a different mode or method of control, and playing with different values of PS if in SIMV mode.
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Vent Parameters, Round Two

This next section discusses a few more vent parameters that we measure after the initial setup or taking over
of a vented patient. They are considered separately tharthe values previously discussed because they are
dependent on other things. We don’t typically dialthem into the machine, but rather we measure them to assess
how things are coming along with the values we/wére able to control. To help clarify these ideas, whch"'gl’é’ml_g

.in/lésze‘latcd, let’s refer back to an image we previeusly discussed. It shows pressure we put into the system over
time as-a breath is delivered in VC ventilation: /

pressure +

time 2>

‘ We previously used this graphic to demonstrate a couple of things, but it is now worth mentioning that
) this waveform and the two subsequent concepts (peak inspiratory pressure and plateau pressure) apply to VC
. ventilation. Let’s first get things clarified for VC ventilation and then we’ll talk about how these concepts carry
=t

4

)

)

)

)

over into PC ventilation.
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Peak Inspiratory Pressure!'?

PIP

'

time =

- pressure +

r

«
f ‘-\ / Peak inspiratory pressure (PIP) is the highest point on this waveform. It represents the maximum
f ressure as we deliver a breath into the system. It is also known as peak pressure (Ppeak). PIP is a function of

L; both how we deliver a breath via the machine and how easily that breath can get from the machine down to the
-ah:@l-t A normal PIP is <35cmH;0. An isolated PIP that is too high generally won’t cause damage to the
patient, rather it likely indicates something gone wrong in the system. This is particularly relevant when we
have a normal PIP that then becomes elevated — in these cases it is important to seek out the cause and fix the
underlying issue.

On the machine end, PIP is the result of flow, which (recall from our section on Tvpes of Breaths)
essentially describes how fast we push air to achieve a breath. We sometimes can’t manipulate flow directly on
transport ventilators, so to decrease PIP by pushing buttons on the machine we have to make things happen in a
roundabout way. Which isn’t ideal and the truth of it all is that most of the PIP issues we face are due to
pathophysiology or equipment issues, so let’s just skip right on ahead to how we can decrease PIP via other
mechanisms outside of the vent itself.'"

Causes of an elevated PIP include things like secretions in the ETT tube, bronchospasm, patient
discomfort, mainstem intubation, pneumothorax, pulmonary edema, etc. Any time we see a high PIP we ought
to try and identify a cause.’'* Once that cause is identified, then we can decide whether or not an action is
needed. For example, a high PIP due to secretions should get suction and a high PIP due to a pneumothorax
should lead to decompression; on the other hand, a high PIP due to a small ETT may be acceptable. The PIP in
this last case represents an impediment to airflow due to the ETT and not the patient’s anatomy, so we may
decide to leave it alone (especially is there is good reason for that small ETT, such as airway swelling).

i / \“\ ~
4 ‘Mﬁ‘

112 Nickgen, 201%a — Short ani}r(e that provides another good review of both PIP (this section) and Pplat (next section)
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Another consideration here is-patient comfort arid the idea of laminar flow. Without getting too far into
the weeds on this, recognize that air can move freely and efficiently through a uniform pipe or tube, but with
movement or disruption to that tube airflow will be more chaotic and result in higher pressures. Keeping our py
patient comfortable and in synch with the vent leads to more uniform (i.e. efficient) air movement and lowe <_
PIP. Morale here: make Sure our vented patient is comfortable. And if we notice an increase in PIP, comfort Ve
ought to be one of the things to consider. ’
To measure PIP we simply need to look at the vent display. Most machines will either give u h@ue
of PIP or show a barometer that fluctuates with each breath — PIP is always the highest value that comes up
during a breath. Another way to keep an eye on PIP is by setting an alarm so that machine yells at us when a
certain pressure is reached. That said, there is one critical thing to know about this: yes it will tell us that the
pressure has gotten too high, but it will likely (depending on model) also cycle off the bre i is giving in
response to that high pressure alarm. This can potentially kill our patient and we will ge(lﬁéh o'that a bit more
later on.!!5
So in summary, PIP represents the maximum pressure as a breath is delivered by the machine. A normal
value is <35cmH0 and we measure it/bf looking at the feedback on the vent interface. Potential causes include
too much air, too much flow, small Eff_}ﬂﬁinked ETT, patient discomfort, secretions, pneumothorax, mainstem
ETT placement, and bronchospasm. While there are subtle ways to address a high PIP that develops after
placing a patient on the vent, interventions should focus instead on airway issues and comfort.

115 Conveniently enough, this is in the section on Alarms
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Plateau Pressure

Pplat
i

time =

- pressure +

Plateau pressure (Pplat) is the pressure in the system once the lungs fill with air and before the breath
cycles off. It represents the average pressure at the alveoli as they are at maximum inflation during inhalation.
A normal Pplat is less than 30cmH:0. Values higher than that can lead to direct damage to the alveoli which
can subsequently cause issues with the whole respiratory process. There is no too low for Pplat but recognize
that lungs that aren’t being filled all the way (i.e. a low Pplat) may not be maxipmizing the surface area of alveoli
and therefore oxygenation may not be at its best. And we will discuss thjs cogcept later on. !¢

The primary cause of a high Pplat at the start of ventilation jsta0 thuch TV. |That said, it can also be
present or develop over time due to patient discomfort, mainste%’iﬁv ation, at etas's’J' d pulmonary edema.
If we get a high Pplat, consider these other causes (and address thefrrappropriately!) befére dialing down TV, as
we don’t want to give up ventilation unnecessarily.''” We do, however, want to avoid a sustained high Pplat
over many breaths, as that can lead to damage to the alveoli.

Measuring Pplat is little less direct that measuring a PIP and involves what we call a “maneuver.” There
are two maneuvers that we will discuss and this is the first of them. While we could theoretically watch the
barometer on the machine and wait for that point during inspiration where pressure stays constant for a spell,
that amount of time is quite short and this is logistically difficult to accomplish. The workaround is to prolong
inspiration via an inspiratory hold and allow the machine to measure that pressure accurately. It would look
something like this:

Pplat

i

time <

- pressure +

116 See Titrating Up on TV?
"7 And we will revisit this idea in an algorithmic fashion in the section called Watching Pressures
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i i \];\:)iap[e;c})::l the inspiratory hold maneuver (in whatever way ?s appropriate for our particular machine)
sty isieh, o r iE)ops ug on the screen for us or we _have enougl? time to read the value from the barometer.
Siouring th,is (Orw en z;nh how often do we d'o this th:lng? _There. isn’t a universally accepted frequency for
add them o 1. ourany of the other pressures discussed in this se_chon), but it seems to make sense that we just
g reassr;ssmem c.)f V-ll’al $1gns (so every 5-15 minutes, depending on the program and patient
Fien s may be overkill, it’s better to measure too much than to miss things due to not checking

ough. At a minimum, Pplat should be measured afier any increase in TV to make sure that we don’t
cause alveolar damage (and this includes after first putting the patient on the vent).

,raﬂfref?ﬁast.thing about Pplat is that the value we get is an average of alveolar pressures across the lung -
Sm_ne regions will experience higher pressures and others will experience lower pressures. The lung is not
uqurm throughout, but we can’t measure alveolar pressures in specific lung regions or see to what degree this
value would.vary across the different parts. The safe limit of <30cmH0 is a good guideline by which to limit
our vent sett;r;gst but recognize that this doesn’t mean that a pressure higher than that to one alveolus or a
reglon/ oﬁﬂun }m}( always cause harm. Likewise, a Pplat <30cmH>0 is not a guarantee that damage will not be
caused to region of the-lung:—

One more subtléty here is that an elevated Pplat doesn’t always reflect stress on the alveoli — there may
be something external to the alveoli that prevents them from opening:

In these cases the elevated Pplat is not due to distention at the alveoli, rather it is due to something else.

Examples would be a tension pneumothorax, burn to the chest wall, or even physical compression as in a crush
injury. So while we generalize Pplat as a reflection of alveolar pressure, know that this isn’t always the case.

In summary, Pplat is the pressure seen by the alveoli when we deliver a breath in VC ventilation. A

normal value is <30cmH20 and we measure it by performing an inspiratory hold maneuver. While there is no
bottom limit to Pplat, it is important to recognize that we want to fill the lung and alveoli up with each breath
delivered, so be wary of a super low Pplat and consider inadequate TV (and subsequently MV). High Pplat can
be caused by too much TV, pneumothorax, restriction to chest wall expansion, mainstem intubation, and a few
other things that we’ll spell out later on.''8

1% See section on Watching Pressures
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AutoPEEP

72 _
AutoPEEP is the idea of PEEP being cumulatively added into the system inadvertently. Remember how
we said that we assume atmospheri¢ pressure to be OcmH:0 as the starting point for our vent discussions and
that PEEP is the addition of presSure on top of that (i.e. “adding S5cm of PEEP” to reset that baseline to
5cmH20)? Well, AutoPEEP is when that baseline starts to creep up from whatever we have set as PEEP to
higher values because the patient isn’t able to exhale all the way back to baseline before the next breath comes
around. This idea is commonly referred to as “breath stacking” and can be represented like this:

AutoPEEP 1
PEEP I

time =

- pressure +

PEEP (5cmH20 baseline elevated with addition AutoPEEP: difference between
above baseline) of more pressure above PEEP where we end up and preset PEEP

No
AutoPEEP

| AutoPEEP is zero, i.e. we shouldn’t have any AutoPEEP in the system at all. Presence ‘
| VC ¢an lead to an increase in other airway pressures, most importantly of whic i§ P '

J/

note the increase in airway
pressure over time

+
é time <
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Another thing to realize is that if we have a normally-set high-pressure limit in place, th@v will

suffer as breaths get terminated early:!?

AutoPEEP over time

AN Z

_~note the decrease in MV as
" breaths get terminated early

time = — s 5 -/ ,-J.m’f .!__/{

Jff:_fj(

i i T —

- pressure +

~

/7 /)
AutoPEEP in PC’'will also result in decreased less MV (due to less VTe per breath), but by a slightly

different mechanism. 'rgfﬁ.hs don’t get cut short as they do in VC, rather the flow to get to that set pressure is
less. And since voluniedelivered is the product of flow and time, we get less volume:'?

TV = area under the flow time waveform
less AP = less flow required = less TV

-
> —
.r | |

2 AP B AP I

P i | AutoPEEP §

i E PEEP PEEP I

o E time 2>

4

e

o

% j\

. ; >~
4 é time =2

' '

)

)

)

)

119 And we talk about this idea more in Alarms
120 And we used the symbol AP to represent the difference between PC and (Auto)PEEP, this is also the notation for a concept known

as Driving Pressure which we will get to later
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o pal lrer
. To measure AutoPEEP or o ¢heck its presence, we have to perform another maneuver called an

expiratory hold."' Justaswith the inspiratory hold-for-plateau pressure;-doing an expiratory hold allows us to
accurately see what the pressure is when we expect the breath to have returned to baseline. Normally the
machine will calculate an AutoPEEP for us by subtracting PEEP from whatever pressure it measures during the
hold. ol !

If we do have AutoPEEP this means that something is getting in the way of the patient exhaling all the
way back to baseline before a subsequent breath is delivered. This could be due to patient discomfort or need
for more MV, but it can also be due to obstructive processes that get in the way of effective exhalation (i.c.
asthma and COPD) or even inadvertent triggering of breaths. The fix on the vent interface would be to shorten
our I-time or decrease RR to increase the I:E ratio and allow more exhalation; otherwise we could consider
more sedation/ pain control and make sure we aren’t accidentally triggering. '

One other thing we can do to eliminate AutoPEEP and reestablish our baseline at actual PEEP is
disconnect the patient from the vent circuit to allow a full and complete exhalation. This is one of those rare
cases in which it is OK to disconnect the vent circuit from the patient during transport for therapeutic reasons.

mply allow the patient to exhale and then reattach the circuit (and most likely cancelling out a bunch of
s in the meantime!). Just to make sure we understand how this works, let’s draw it out as a waveform

er tine and label things along the way:

disconnect the circuit PEEP back at
initial setting

f
| ime > / Y

AutoPEEP builds up reset to zero reattach circuit

- pressure +

To summarize, AutoPEEP is a movement of the pressure baseline above whatever we have dialed in for
PEEP. Issues with this are increased pressures (VC) or decreased volumes (both VC and PC). Causes would be
inability to exhale fully, discomfort, and inadvertent triggering. Fixes include lengthening the I:E rati
treating discomfort, and avoiding accidental triggers. In addition, we can reset AutoPEEP back to zerp by

temporarily disconnecting the vent circuit.

4
WL ’
?— /f:d‘r\ l‘ tijl

‘ o)
\\‘“*“M v PrABL
LY :’/"'{3? /)/(41;//'&"{"(J

12 There are other ways to cI{féck for AutoPEEP, but they aren’t typically available in transport unless we have access to scalars or

waveforms
122 There is also some discussion out there about using applied PEEP to mitigate AutoPEEP, but we will get to it when we discuss the

Obstruction strategy
123 For a review of this idea, see Inspiratory Time (and I:E Ratio); we also mentioned in Types of Breaths that VC ventilation may
allow for shorter I-times (and we’ll mention this again when we talk about the Obstruction strategy)
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PIP & Pplat in Pressure Control?

=y

___Upto this-point we've discussed Q@d Pplat'mestly in the context of VC ventilation, but Ehings are a
bit different inPC. Let’s start with whata PC breath looks like mapped out as pressure over time:'**

pressure into the
system stays constant
throughout the breath

time 2

- pressure +

e

First thing to mention here is that PIP will only be above that flat line at the top of the square wave form
(marked by the red arrow in the graphic) if something causes a disturbance in what the machine is doin g-a
hiccup, patieni\ movement, speedbump, etc. e-pressure than what we
have set, but a PIP higher than the set PC can gssure alarm and
monitor PIP in RC ventilation, our concern is mbre for being aware of disturbancestothe system rather than
being aware of changes to air flow (ie: i), as was the case in VC ventilation.!”

Next thing? it generally happens that the ayerage alveolar pressure eventually does equal that pressure
represented by the top of the square waveform (towards the end of expiration), therefore we assume it to be true
that PIP equals Pplat.'® And because of this assumption that mostly holds true, it’s OK that some machines
don’t let us do inspiratory holds in PC ventilation, as the data gleaned from the test just wouldn’t provide any
additional information. And also because the primary reason we want the Pplat (in VC) is to rule out high
alveolar pressures (to ensure the wellbeing of the alveoli); in PC if Pplat doesn’t match pressure control it’s
because true Pplat is less that the pressure control (which is a bummer, but not a safety concern for the alveoli).

Now the way it works is that it takes time for the alveslar pressure to rise up to match the pressure going
into the system. Even though we start with a high pressure aptfic machine end of the system, it may take some
time for that pressure to equalize down to the alveoli. If ouf I-t ¢/isn’t long enough to allow that to happen,
the alveolar pressure may not ever get up to the level we héve set for pressure conttol. We work around that in
VC by performing an inspiratory hold and waiting for as lo'i'fg/:':lse e need to in ordervto-see that pressure even

out. We don’t always do that in PC because, as we said just a moment ago, the au-pressure won’t be above
our pressure control value and so there isn’t so much of a concern. | ‘Fi)(’f"
\

124 The was first covered in Tvpes of Breaths

' In PC ventilation, we become aware of those obstruction issues by monitoring VTe and maybe flow (if available on our particular
machine)

26 Hess. 2014 — Another way to say this is that if flow gets to zero during the inspiratory phase, then PIP = Pplat
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But if we wanted to know a little more about what’s going on in the alveoli and we can’t do an
inspiratory hold on our machine in PC, we can get a partial picture of things by looking at flow. PC breaths
start with a higher flow that then drops down towards zero throughout the breath. While it may be hard to sce
with quantitative values on our machine (unless we can view waveforms), if flow doesn’t get down 10 ZEro
before the breath cycles off, then we can consider that the pressure in the alveoli may not have made it up to the
level we put in on the front end:

(snapshot of things at end-inspiration)

; breathing
normal ey Ak not normal machine
o that doesn’t h o
R\ t doesn’t happen... y
flow ends up ﬁ_Q\-‘“ pressure from : & ';9‘50 pressure from
back at zero machine. .. x machine...
+ x +
E L &P E |
= | time = N & | time >
...equals pressure ...doesn’t equal
* at alveoli & pressure at alveoli
3 5
2 & 2 @
] o\ a \0¢
= | time > — time = —

All that said, this isn’t a great method unless we have waveforms to look at. And even then it’s a binary
thing — it says whether or not alveolar pressure got up to the value of pressure control, but it doesn’t tell us what
the alveolar pressure actually was. There are other ways to measure or approximate Pplat, although they are
unlikely to be available to us in the transport setting.'’ R ne tosch

So what utility is there in knowing alveolar pressure (Pplat) in PC anyways? Wf’ssasi}already that the
usefulness of this information in VC is to prevent damage to-the alveoli, but that isn’tan isSue in PC. Potential
uses of knowing a Pplat in PC would be making sure our I-time is appropriate (i.e. that the inspiratory time is
long enough to allow pressure going in to match pressure at the alveoli) and calculating things like compliance
and driving pressure (both discussed later).'”® These are all cool things to work with, but it takes both time and
effort and, therefore, may not be the best use of one’s cognitive capacity when managing a sick patient in the
transport setting. We will discuss this stuff, but know that Pplat is primarily a tool for ensuring alveolar safety
in VC ventilation. x;n\{

QW [
/ \“’ﬁ 0*’\]_& \‘&"% f’\

1

127 Mojoli & friends. 2015 ~This short paper assesses the efficacy of these alternative methods of measuring Pplat (and also delta
pressure)
128 [y the sections Compliance (and Resistance) and Driving Pressure

M
®
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Mean Airway Pressure

Last pressure to talk about is mean airway pressure. It}
pressure') and less often as MAP (mean airway pressure). is the average pressure in the system throughout
the respiratory cycle. There are formulas to estimate Pa["2 But it’s probably easiest to just read off of our
machine (assuming it’s there). ' We don’t often use this pressure to guide treatment, but if we notice changes in
the mean airway pressure we can then look into details as to what changed in the system. For example, a high
Paw can result from all sorts of things, each-gf which is a totally different issue: an increase in either PIP or Plat,
the presence of AutoPEEP, and increase nd same thing on the opposite end, lots of things ¢an ‘causé Paw

to drop and we then ?fust work to identify a Specific cause. f
ucd

Ope other thing about P,y is that it is strongly correlated with oxygenation.>* Back in our-discussionof \ e
et k

typically represented as Pay (stands for airway

Xy gepation, we talked about how PEEP and I-time contribute to improved oxygenation. More of either of ) 7%«
thgs/hh‘l/gs leads to a higher Py, so it can help to think of oxygenation-im terms of this pressure and FiOa. Just
recognize that too much of this good thing can turn bad (i.e. too much pressure can have bad outcomes, as
previously discussed). And while we commonly separate oxygenation out into multiple cor@ (as we did

previously), it may be worth keeping this in mind as we look for trends in patient presentatign:

- pressure +

time =

]

| ‘“ogf L(W'I]J'/.&}
4 ]5,:1- A A P 0ok
)

o 7‘0

129 Mentioned in passing in the section on Hypotension, then demonstrated via calculations to justify that strategy in the Appendix
130 | oderserto. 2018 — Provides an explanation of this relationship between Pay, and oxygenation
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Compliance (and Resistance)'*!

Compliance is a measure of how much the lungs fill per unit of pressure put into the system. In math

terms is looks like this:'*?

AV TV or VTe
AP ~ (Pplat — PEEP)

compliance =

While a normal compliance (healthy and breathing spontaneously) is somewhere in the neighbor}}qod of
100ml/cmH-0, we often see values much smaller than that in our ventilated patients. The best way to uphze '
compliance during transport is to keep track of trends: increasing compliance is good, decreasing comphanc.e is
bad. If we do something that results in poorer compliance, maybe second guess whatever that change was; if
we do something that results in bettér compliance, high fives are warranted. Acute causes of decreased
compliance would be a worse_m'h pn orax, inhibition of chest wall expansion, chest wall rigidity caused
by certain medications, incredsing PO)beyond the capacity of the lungs at that given time, etc.'”

A related term is resi@gtd'nc “Resistance and compliance are often discussed together under the umbrella
terms of “respiratory mechanics” or “py'fmonary mechanics” — that’s why we talk about it here/ Now the
algebraic expression of resistance isn)t quite as straight forward as for compliance and we often simplify it by
making the assumption that flow equals 60LPM, so we’re just going to skip on ahead and note it like this:

resistance = PIP — Pplat

]'3; Trainor & friends. 2019 - This video reviews both of these concepts in a very succinct and straightforward way

3 And to be more specific, this is what we would call static compliance and reflects changes at the alveoli; we won’t get into dynamic
compliance here

133 And all of these high PIP, high Pplat situations will be discussed in the section on Watching Pressures
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AP - change m pressure or driving pressure: AV - change mvolume: emL-O - contimeters of w ater:
COPD - chronic obstructive pulmonary discase: ETT -~ endotracheal wbe; FiOs — fraction ol mspired oxveen
LE —inspiraton expiratory s I-time — inspiratory tme: LPM -~ liters per minute: MAP - mean QINVAY Pressur

Resistance, in this simplified manner, is the limitation to air movement that must be overcome in order
0 arrive at a state in which air in from the machine gets to the alveoli. Assuming Pplat remains constant,
resistance is represented by PIP. This means that we can approximate changes to PIP to signify changes to

resistance. So things like kinks in tubing, biting on the tube, excessive secretions, etc. that are causes of
increased PIP and unchanged Pplat correlate with an increase in resistance;'*

for us t

TPIP & 1Pplat TPIP & same/ unchanged Pplat
/_l\ m
/ lung issues \ airway issues
abdominal distention/ ascites aspiration
atelectasis bronchospasm
AutoPEEP ETT occlusion
chest wall bumn secretions
poeumonia \/
pneumothorax resistance issues
pulmonary contusion
\ pulmonary edema \

compliance issues

And we mentioned already that the alternative strategy iff PC veptilation when we don’t have PIP or
Pplat to guide us is to look at VTe and MVe to gauge when these things are happening (a drop in volume will
indicate an increase in resistance or a decrease compliance). We can also look at a quantitative value for
compliance (if available to us on our machine) or see how flow is changing from breath to breath (many

transport vents automatically adjust flow with changes to resistance and compliance; less flow equals more
resistance and/ or less compliance).

1 Cassone & friends. 2019 — We will expand on this in
algorithm that we lay out when we get there

Watching Pressures, but know for now that this graphic is a piece of an
— it just made sense to include it here to differentiate these two concepts
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upport: '€ pressure contr )l

mi > ute
'I‘II- )mmuh. MV~ nmnute volume: MVe — exhaled minute solume: PALS — pediatric advances hle
PEEP - positine end-exprratory pressure : PRVC - pressure-regulated volume control; PS = pressure cupport: RR - respiratony e
s - second; SIMV — synchronized intermittent mandatory ventilaon: TV - tdal volume: V€ volume control
VTe - exhaled ndal volume v 4
HH |
A General Vent St A
ent Strategy [/
2 r

In this section we are going to summarize general parameters in each type of ventilation (i.e. each

combination of mode and control) in order to demonstrate what settings and goals are shared among all methods
and which are specific to certain types of ventilation. This general strategy is similar to what is oﬁgn’described
as a lung-protective strategy that first came on the scene in regard to management of patients with ARDS~
we’ve opted to present the two as distinct strategies and we’ll come back to this idea when we get there.'** We
will also hash out a few of the differences in determining general settings for adults versus pediatrics. Let’s
start with a discussion of things that apply to most vented patients, regardless of mode or control:'*

TV =6 — 8ml/kg (IBW)
MV = KLOO_ml/kg (IBW) /min
/

N
If we choose a TV of 6ml/kg and our goai’[\{is 100ml/kg/min, then our calculat

MV=RRx TV
100mV/kg/min = RR x 6ml/kg
100mblkee/min + 6mbleg = RR

~~17=RR

to match that MV goal) comes to 13 per minute.
r an initial rate of 10 to 12 with adults, calculating a RR

often good reasons to use a lower RR, but we’ll get to

Likewise, if we go with 8ml/kg our initia{ te (
Although it’s not uncommon to see recommendations fo
based on a MV goal is our preferred strategy. There are
those later. 7

Moving forward, if we have a range of ‘IT\/FQD choose from, sometimes it just makes life easier to pick a
nice, even number. For example, with an 80kg ﬁatient we end up with a TV goal range of 480-640ml and a MV

00 or any value in that range. Just recognize that if we

goal of 8L; it’s a totally legit move to choose 500 or 6
just to keep our MV approximately the same.

pick a higher value for TV, we may want a lower value for RR
This does not have to be exact, as we will adjust these settings as we go and work towards our goals moving

forward. So we may choosea TV of 500 and a RR of 16 (for a calculated MV of 8L). Ora TV of 600 and a
RR of 14 (for a calculated MV of 8.4L). Either is cool for now and we’ll dial in our settings once we see how

the patient responds to it all.

w /x(

/

135 That will happen in the section on ALI/ARDS /
we will discuss those shortly in Specific Vent Strategies; also, refer back to

136 Note that some patients do require different goals
sections on Tidal Volume and Minute Volume for a discussion of these suggestions
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b AP chance mopressure or driving pressure A( assist control; ALL - acute ||m-_- mjun
7 ARDS - acute respiraton distress syndrome: emHyO - centimeters of water, EtC0; end-nidal carbon dioxidy
i FiO, - fracuon ol '_r;y":“i. woen: IBW - gdeal body weight: I-time — inspiratory time. kg - kilogram: L -~ hter; ml - mulhhier
) v
i As for kidd@s, the approach is to choose a rate in line with a reference card and disregard the above
suggestion of 13-17/min. While this will result in an oyerestimation of MV,"*” we can titrate values to address

) that later on. For example, let’s assume a4-year-o]d,ly{, of 18kg. Based on this chart (again, from PALS) we
) want a RR in the 20-28/min range:'** (Y
]

A American :
| Q... | il

Mo g why M

' PALS

Mean Arterial
Pressure Pressure Pressure

[mm Hg)' (mm Hg)' (mm Hg)*
Bath (12 h, <1000 g) 39-59 16-36 28-32
Bath (12 h, J kgl 60-76 31-45 48-57
Neonate (96 h) 67-84 35-53 45-60
Intant (1-12 mo) 37-56 50-62
4263 49-62
46-72 58-69
57-76 66-72
102-120 61-80 71-79
110131 64-83 73-84

We can also use this chart based on the PALS data:'*’

age description age (years) RR | I-time (s)
infant .083 (1 month)-1 | 30-53 | 0.3-0.6
toddler 1-2 22-37 | 0.4-0.9
preschobler 3-5 20-28 | 0.5-0.9
school-agedichild 6-7 18-25 | 0.6-1.1
big kiddds | 8-9 17-25 | 0.6-1.2
preadolescent 10-12 14-23 | 0.7-14
adolescent' 12-15 12-20 | 0.8-1.7
adult 16 and up 12-20 | 0.8-1.7

137 Because a weight-based TV (or TV goal in PC) stays the same
138 American Hearl Association, 2016 (image)
139 And see Appendix for an explanation of the amateur mathing that got us to this chart
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min - minute: MY = nunute volume: MVe - exhaled minute volume: PALS = pediatiic advances e st port: PC = pressu
WWEP X . 5 . - spiratory rate
PEEP - positive end-expiratony pressure : PRVC = pressure-regulated volume control: PS — pressure support. RR - respirato
s —second: SIMV - synchronized mtermittent mandatory ventilation; TV — tdal volume VC - volume control

Ve  exhaled ndal volume
And let’s take these values and do a few calculations as so:

TV =6 - 8ml/kg IBW
TV =6 - 8ml/kg x 18kg
TV =108 — 144ml

MYV goal = 100ml/kg (IBW) /min
MV goal = 1800ml/min
MV goal = 1.8L/min

MV calculated =RR x TV
MYV calculated = (20 — 28)/min x (108 — 144)ml
MYV calculated = 2160 — 4032ml/min
MV calculated = 2 — 4L/min AL /
AN

The result here is a MV goal that differs pretty significantly from the calculated MV, but what to do with
this information? We will eventually want a MV (preferably measured as “exhaled”) that matches or exceeds
our quantitative goal of 100ml/kg/min and also gives us an EtCO in the normal 35-45 range, but let’s start with
6-8ml/kg anyways and work towards that goal in the first little while after starting ventilation. This / .
overestimation is particularly important, and maybe even lifesaving, if we decide to ventilate a kiddo in VC.
There is always some dead space that we introduce into the system and this overestimation will help to mitigate
that. ?long those same lines, it may also be worth using a TV on the higher end of the range (again, this is only

for ki ﬂﬁ)\é in VC ventilation) to further mitigate this effect.'*’

\‘\r\u ,}\

278
/S o
R ‘Lk\ | W

/\

: ; X
140 T see this all spelled and drawn out in detail, refer to Appendix
&
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AP change in pressure or driving pressure; AC - assist controlZ ALD - acute lung mjury .
Fio ARDS aculc respiralon distress sy ndrome:; embl: Q) cenumeters ol wofer: EtCO:  end-tdal carbon dioxade:
1O i . ; :
> Iraction ol mspired oxveen: IBW — jdeal hody werght: I-time — inspiragdry tme; kg kilogram: Lo liler ml - nulhibter

M- (a4}

So we have TV, MV and RR all sorted, both for big-pgépi andi/n%allpeeple; next we need to consider
the othe_r parameters that are constant between modes and control methods, then we will talk specifically about
those Lh_mgs_ Let’s put it into a chart just to make it easier to visualize. And this chart is basically a summary of

[t:lte section Vent Parameters, Round One — for review of the specifics of any of them, just refer back to that
it:

parameter l value I pro tips
TV I 6-8ml/kg pick an easy number to work with that falls in that range
MV 100ml/kg/min just take IBW in kg and move the decimal over
(75kg IBW = 7.5L MV goal)
RR addlt: I?s)—l 7/min carry a reference card or have an app on a d_ev/ic_e/“ o quickly
ki d}é: usea chart reference the pediatric values =
\ 7 /
FiO: 1.0, then titrate down we can titrate down in big jumps also, no need to go in small
increments unless we have good reason to do so'*?
PEEP / 5-6cmH20 for most vents this will be whatever the machine defaults to
I-time adudt: 0.8-1.7s normal for the adult is 1.0s
ki - use a chart

141 pedi STAT — Great resource for quickly referencing pediatric doses and equipment si{zes _
142 Weineart. 2010; Lodeserto, 2018 — Both recommend starting at 100% and then dropping down to 40% to see how the patient does

_ we can always titrate back up if need be, but if all is well we just leave it there (or even keep titrating down)




Kykerr Medical’s Vent Management Guide
min - minuie: My minute valume: Mve

n - i exhaled nimute volume: PALS
PEEP - positn e end-expraton pressare - PR ( L

Sooasecond: SINIY O G

I"\\'\:.IIHL H'\JM\L\ !\N “.“]‘ " Il( Pressure comltrol
| pressure-teculated yolume control: PS pressure support; RR - respiratory
Whromzed it 1

Hramzed imtermitent mandgton ventilatons TV ndal volume: VC - volume control

VTe  exhaled udal volume

Next step is {o look at wh

: at extra parameters need dialed in on the machine depending on which mode
and which m ontrol we P ;

choose for our patient. As said before, we can ventilate any patient in any
trc?l, 50 long as we know what to monitor for depending on what we choose.
nt in PC or SIMV (with PS), it’s OK to just start out with the defaults on

ng with and then titrate from there given we do so in a timely fashion and with
Let’s draw it all out in another chart:

And if we are ventilating a patie
Whatever machine we are worki
our ventilation goals in mind.

additional parameters'®

ACVC None

SIMV vC pressure support — start at 5-10mmH-0 and titrate as needed

ACPC pressure control — start at 10-15¢cmH,0 and titrate to TV goal
/

J

SIMV PC pressurecontrol — start at 10-15cmH,0 and titrate to TV goal
pressure Support — start at 5-10mmH0 and titrate as needed

ACPRVC pressure cap'* — set to 25-30cmH,0
(often by setting high pressure limit to SemH,O above what we want this to be)

SIMV PRVC | pressure cap — set to 25-30cmH20

(often by setting high pressure limit to SemH0 above what we want this to be)
pressure support — start at 5-10mmH0O and titrate as needed

143 1t's a bit tough to identify specific starting points for both PC and PS in the literature and recommendations vary a lot, but these are
points to start off at and then we should always titrate towards VTe and MVe goals as soon as possible; as for more insight into these
initial settings: . . o

Ashworth & friends, 2018 — They say start with PC at 5-10cmH;0 and limit AP (Pplat or PC — PEEP, which we will discuss later on
Driving Pressure) to 16cmH,0 (which correlates with an additive PC of that t— lt?cm.HgO) _

Kneyber & friends. 2017 — These guys recommend limiting a AP to 10cmH,0 It (pediatric) patient types

Nagler & Chiefetz, 2019 — This duo suggests a starting PS of 5-10cmH;O for ki '

And just to be clear, all the pressures listed here (for PC and PS) are additive, nof’cumulative (and for a refresher on what that means,
head back to Types of Breaths) . o

144 Recall that this is a made-up term and is typically represented by Scm less that what we set as the high-pressure limit
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AP chanee in pressure or drivimg pressure, AC - assistcontrol; AL acute lung impuny
\Rl)\ dautle resp RITLIAY \ll\[.’\\\ syndrome: L'I'II”}() centimeters ol water: l 1( (): end-tdal carbon di
FiO:  fraction o msprred oxyveen: IBW - deal body weirghts I-time — ispiratory time; ke - Kilogram: 1 iter: ml- il

R [US

At the expense of being overly redundant, let’s combine the last two charts into another one to
summarize how we determine vent settings, in general and for the normal patient:

step one: step two:
set &/or calculate make a choice and dial in extra stuff
™V 6-8ml/kg AC VC None
MV IOO/mykg,/min SIMV VC pressure support — 10mmH;0
RR adultsy 13-17/min ACPC pressure control —10-15cmH20
ki,d&ls( : use a chart
FiO; 1.0, {hgn titrate down SIMV PC pressure control —10-15¢cmH20 honb 2l K |

pressuresuppart—lOm}nHzO 2 Nalt ';J
2 W

PEEP 5¢cmH20 ACPRVC | pressure cap — set to. 25-38¢mH:0
(normally: set high pyessure limit to 5cmH20
/ above what we wan/this to be)
I-time adulf:/0.8-1.7s SIMV PRVC | pressure cap — set to 25-30cmH20
kitl.‘ld#z'use a chart ally: se ‘high pressure limit to 5ScmH20
] mz% ¢ want this to be)
" %res re Support — 10mmH>0

few things to consider (and we’ll frame them as questions): Wha pathophysiologic changes affect the way this
patient should be ventilated? What do we do with a patient already being ventilated if settings don’t match
what we come up with? How does this individual’s body respond to all our theoretical stuff? The next few
sections will answer these questions in turn. We will first look at specific situations that warrant alterations to
this settings framework, then we will talk about setting up them vent in any scenario, and then we will consider
how to evaluate an individual’s response to what we are doing with the machine and how we might adjust

things to make him or her as happy as possible.

In the ideal world, that’s how we get vent settings for a speclf‘ u)};:ient In the actual world we have a

145 In PC we don’t actually set this guy, but we do need to have this value in mind and calculated out so that we can use it as a goal
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Specific Vent Strategies

We have a chart from the last section that basically summarizes the initial calculatwn’s and ;l;)(zltcsiz ;Vlz "
need to make for the average patient and depending on which type of breaths we wz.mt to clell::.fzg.t ol i
look at e)ﬁceptions to the norm. To say it another way: sometimes pz[l.ignt needs his or her IrTl s
a-specifié way (different to what we identified as normal) due to : __pf_cﬂ'lc pa;hology. We solh e e
normal parameters and alter them to meet specific needs and issues. It’s toia;l ly OK to break the A
established so far, as long as we know when and how to do it and can justif)f a good reason. We wi
few situations in turn to see how it all looks. / s .

Vent strategies are often presented as a choice of two distinct categ;&ries: th.e “injured” or “sick l:;%e
approach and an “obstructive strategy.” We’ve opted to present this decisjon making process asa ZeF 0t e
possible strategies from which providers can choose. First of those is the general -strateg:y discusse jll.S ” .
the other four include obstruction, hypotension, acidosis, and ALVARDS. There is no right or wrong in this

process, we just think it makes sense to take things a bit further as we have outlined in this following
sections. ¢

46 To provide more context on this:

The Acute Respiratory Syndrome Network, 2000 — This was a major paper form ARDSNet that led the movement towards lower TV

with vented patients; while it focuses on a specific patient group (i.e. that “injured lung” cohort), it set the stage for further research
/i‘?o’t'ﬁe idea &f much lower TV than were initially used

feingart, 2010; Weingart, 2016b — A podcast series and paper, respectively and by the same guy,
\approach to yent management; while directed towards ED physicians, the content is 100% applica
transport sétting

N Y, & e
\‘6 ACAEN

that outline this two-strategy
ble to those of us that work in the
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. . = : s ratory umg
emH:0 - centimeters of water; COPD - chromie obstructive pulmonary disease: IBW — 1deal body weicht: I-time — inspira

: i . : svolume
LE —mspiratory to expiratory: kg kilogram: min - nunute: ml - milliliter: MV minute c

Obstruction

In patients with asthma, COPD and/ or allergic reaction, we tend to run in to a problem of breath
stacking or AutoPEEP because the patient is unable to exhale fully in a hormal amount of time. The
pathophysiology is multifaceted and varies a bit depending on unlaying/cause, but can be summarized as some

combination of the following: “ .,,')r;}n e
constriction of the airways constriction of the airways
due to inflammation dug to mucous

decreased recoil of the alveoli due to
chronic damage or overdistention

inhale exhale inhale broken exhale et ..

L - time > ] U ]

| B

normal not normal
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¢ lr1a b1 : g 3 1
OK = alnight; PC - pressure control: PEEP postiive end-expiratory pressure; Pplat - platcau pressure: RR - respiratory rate:

S osecondt TV = nidal volume: VTe - exhaled tidal volume: VC — volume control

. : : | )

- Ih? fix is to adjust vent parameters to allow for more time at exhalation. We do this by extending or
lengthening the I:E ratio. A normal [:E ratio is 1:2-3 and we can adjust that by decreasing either the I-fime /dr
RR." A good starting point in this population is an I:E ratio of around 1:5. The typical way to get here s to

decrease RR (and also I-time) until we see an I:E ratio in that range that we want. The machine normally does
this calculation for us, but just an example we’ll show it all here:

With I-time 1.0s and RR 17:
60 + 17 breaths ~ 3.5s/breath
3.5s — 1.0s (I-time) = 2.5s
~L:Eratio=1:2.5

With I-time 1.0s and RR 13:
60 + 13 breaths ~ 4.6s/breath
4.6s — 1.0s (I-time) = 3.6s
~.I.E ratio=1:3.6

With I-time 0.8s and RR 13:
60 + 13 breaths = 4.6s/breath
4.6s — 0.8s (I-time) = 3.8s

0= 08,38
IEmno_o.s'oa
I:E ratio= 1:4.8

So even if we drop both RR and I-time to the lower ends of our normal parameters, we end up with an
I:E shy of what we want for these obstructed patients. Let’s keep up with some of these calculations and put

them all side by side:

I-time 1.0s I-time 0.8s
RR I'E RR I:E
17 1:2.5 17 1:3.4
13 1:3.6 13 1:4.8
10 1:5.0 10 1:6.5
8 1:6.5 8 1:8.4

J

\ /
147 And as noted back in Ins )iraluir‘f Time\and\I:E Ratio), normal is 1:2 and the 1:3 is more due to convention that what the patient

would breath at if left alone to nafire ./
/

1] .93.
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cmll, e e
:0 - centimeters of water: COPD - chrome obstructiv e pulmonary disease: IBW - qdeal body weioht: I-time — mspiraton Hinie

LE - isprratony o expiratory: kg kilogram: min - minute: ml - milliliier, MV minute yolume

Now assume we choose an I-time of 0.8s and a RR of 8 (for a calculated I:E of 1:8.4), what does that do
tOIOL-ll‘ other parameters? Biggest thing that )vill be affected isMg. We’ll do some calculations to demonstrate
this impact on a 65kg IBW patient with a Ty of 8ml/kg:
MYV goal = 100ml/kg/min
MV goal = 100ml/kg/min x 65kg
MV goal = 6500ml/min
MV goal = 6.5L/min

TV =8ml/kg x 65kg
TV =520ml

MYV calculated = TV x RR
MYV calculated = 520ml x 8/min
MYV calculated = 4160ml/min
MYV calculated =~ 4.2L/min

In fact, we’d have to go all the way up to a TV of 12ml/kg to get close to our MV goal:

TV = 12ml/kg x 65kg
TV = 780ml

MV calculated = TV x RR
MYV calculated = 780ml x 8/min
MYV calculated = 6240ml/min
MYV calculated ~ 6.2L/min

And at this point we run the risk of barotrauma or over-inflation injury (assuming V€ ventilation). That
said, start at a TV of 10ml/kg and then titrate up if the patient’s lungs allow for it (i.e. Rplat stilkbelow
30cmH:z0). If we can’t reach our MV goal exactly, that’s OK in the short term — we just Want to try and get as

close to it as possible while still allowing for full exhalation and avoiding the AutoPEEP issue.'*® We will
simultaneously be doing pharmacological interventions (Albuterol, Magnesium Sulfatey Ketamine, Epinephrine

— whatever our agency endorses) and hopefully the reason for this alternative strategy can get reversed to some

degree and then we can go up on RR and work our way back to normal parameterslrF
In'RC, we still drop the rate (and maybe I-time too) to lengthen I:E, but we also want as much volume

per breath -t-gtry and get as close to our MV goal as possible. Instead of 10-15cmH,0, consider going
straights:g/dm top and starting at 20-25cmH20'*" to see what our VTe value$ Igok like. In addition, recognize
that this/Pplat upper limit is a generalization that may not be necessary for all/patients.

-y Yo
lﬁ{w}h \‘%‘ %/[ C I

148 pruiu, 2007; Yartsev, 2019 — The first provides a more in-depth discussion of this permissive hypercapnia approach; the second
gives way more information that we thought possible on the potential effects that such an approach may have (but of note, one of

those effects may be bronchodilation)
149 Which gives us the upper limit for a safe Pplat, assuming a PEEP of 5cmH,0 and an additive PC value

«Ql-=
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OK - alnght: PC -~ pressure control: PEEP

. " respiratory rdale:
positive end-expiratory pressure, Pplat = plateau pressures RR spIratory raie

s —second: TV - adal volume: VTe - eshaled ndal solume: VO - volume control

Second to last thing to mention: it may be tempting to drop PEEP to zero in these cases to better allow
the patient to exhale. The thought process goes like so: if they are breathing out while we are pushing air in,
this has the potential to be problematic. That said, there is some thought that applied PEEP can help fix
AutoPEEP, but we do want to keep applied PEEP lower than A\utoPEEP. Just know that we may want to
maintain PEEP at our minimum of 5emH20 to maximize ongenﬁtion and help recruit more alveoli, but
sometimes we let that go in order to avoid AutoPEEP. There may be a happy middle ground with a PEEP
somewhere between zero and a normal value, but there isn’t much content on that and we’ll leave it as a maybe
in the overall scheme of things.'*

Actual last thing to mention: if we have lengthened our I:E ratio to accommodate exhalation and we end
up at a point where AutoPEEP is consistently zero, we can then titrate our I:E back to normal to make things
more comfortable for the patient. This allows us to work back towards our MV goal that we started with, as it is
likely that our MV will be below that goal with a much lower RR. If things change and obstruction recurs (and
then we notice AutoPEEP all over again), we can go back to the longer I:E ratio. The idea here is that we are
constantly reassessing what is going on with the patient and making these small adjustments to best ventilate the
patient in a given moment. Just because a lengthened I:E was warranted at the start doesn’t mean it is needed
forever. /

To summarize our obstruction strategy: utilize {1 Wer. rate/(ﬁnd consider a shorter I-time alsq) to a goal
LLE of 1:>5. Consequently, we need to titrate TV (o }'\Y/ﬁp as far as the patient’s lungs will allow. Know

OK —as ogjph
we can hopefully migrate back towards normal parameters to meetthgiventilation goals. Maybe consider
dropping PEEP, but know that there isn’t yet a good fonsensus on that. “Also, be sure to check for AutoPEEP

1% Stather & Stewart. 2005 — In addition to explaining this part of things, these two also provide an overview of a strategy for the
asthmatic patient in general

5 Just remember that it may be harder to get complete exhalation in PC ventilation (versus VC) due to differences in how those
breaths are delivered (i.e. decelerating flow versus constant flow, see Types of Breaths to review this idea)
12 Which we discussed in the section on AutoPEEP

B B B

-95-

L L st e e e e eeeeRR R R R R RERRERER RS



LU N
o TaDP — pereaninus A :
P percentage of ime at decreased prefload: €O cardhac output: FiO: - fracthon of inspired osyeen
2 : ( Uen:
IBMW —ideal body weight: I-time — inspiratons time: kg kilocram: L liter: min - minuie
:) - . . ~

Hypotension

vt ilonnpj:;l;;sc:th hé%otension (or the pqtential for hypotension) the primary concern is that mechanical
both negative prosey ;;Si PPa\r;d further co?glbule to the p:_'oblern. We discussed this already in reference to
effect. So first st hS _ and PEEP, an(.i we mentlone_d then thflt euvolemia seems to mitigate this
G ags' ere (since we are committed to PPV) is to restrict PEEP to whatever minimum value
Aisrivyer ik lequate OXygenation, Bf?yor_ld that, however, we can limit the time spent at inspiration
g the 0‘.’81' all respiratory cycle.. Think of it this way: preload drops further when we increase intrathoracic
pressure, so if we decrease the amount of time spent pushing air Kﬂo the system (i-e—trcreasing-imrathoraeic
pF,essm@,'we-can limit this affect. ~—c i Ril 7 |Aiee
- Back in th.e section on Mean Airway Pressu.re, we went tﬁo?gh the idea that P,y is a measure of the
erage pr.essure into the system throughout the respiratory cycle. Since blood is continuously flowing back to
th;'e heaf't, it makes sense to consider how CO is affected across the board and not just during inhalation. That
said, this baseline pressure (and PEEP in particular) are the two concepts worth considering. We’ve done so in
the Appendix and for now we will work from the assumption that blood return is, in fact, compromised to a
greater degree with each delivered breath, so if we can minimize that impact the patient is likely to be better off.
_ Now to quantify the idea of how blood return and CO are affected due to breaths given by the machine,
consider two patients: one at a RR of 17 and one at a RR of 10. If we assume an I-time of 1.0s (norm for the
adult patient]);4let’s calculate how much time the patient experiences a state of decreased preload (i.e.
):

inspiration

% TaDP = (RR x I-time) + 60 seconds
%TaDP = (17 x 1.0s) + 60s
%TaDP = 17s + 60s
%TaDP = 28%

: %TaDP = (10 x 1.0s) + 60s
, %TaDP = 10s + 60s

) % TaDP = 17%

)
)

We can further drop this percentage by decreasing I-time:

i
%TaDP = (10 x 0.8s) + 60s
%TaDP = 8s + 60s
%TaDP =~ 13%

on on the negative effects of PPV

153 Gee How is Positive Pressure Different? to review the discussi _ )
%TaDP or “percentage of time at decreased preload

154 This is another one of those made up terms which we identify as
-96-




l\'ykerl‘ Medfcal S VET IVEMIERs =100

§ avl-expiratory pressure.
ml - millihter: OK = alnight; Py, mean airway pressure; PC — pressure control: PEEP - posttive end-expiratory |

cond
Pplat — plateau pressure: PPN~ positive pressure ventilation: RR - respiratory rates s secont

By dropping ouf rate'to 10 (from 17) and dropping I-time to 0.8s (low of normal for the adu!t patient),
we can cut the amount of time spent at decreased preload by over half. While we could keep dropping RR, we
stop at 10/because we need to maintain MV in these patients. Let’s look at what happens to MV if we drop RR
to 10 and then come up with a strategy to address it. As before, we’ll assume a patient with a?JEW of 65kg
and a TV of 8ml/kg: /"

MYV goal = 100ml/kg/min
MYV goal = 100/ml/kg/min x 65kg
MYV goal = 6500ml
MYV goal = 6.5L/min

TV = 8ml/kg x 65kg

TV =520ml
\\\ \\ My MV calculated = TV x RR
NS oy "‘ e ‘\-o* MV calculated = 520ml x 10/min
NTU c& X MV calculated = 5200ml/min
N ¢ MV calculated = 5.2L/min

Now 5.2I/min isn’t super far off from 6.5L/min, but we need to remember that a hypotensive patient is
likely at risk of shock and, therefore, we need to make sure that Ventilation is adequate by delivering at least
what oprcalculated MV minimum is. This idea is in stark contrast to the obstruction strategy in which we

7

TV = 10mlkg x 65kg
TV =650ml

MYV calculated = TV x RR
MYV calculated = 650ml x 10/min
MYV calculated = 6500m)/min
MYV calculated = 6.5L/min
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cardiae output: FiQ)y  fraction ol mspired oxyeen

% TaDP  percentace of ume at decreased preload: CO
klogram: L hiter: min nunute

IBW - ideal body weight: I-time inspiratony time: kg

e M)

If we drop RR to 10 (and I-time to low of normal by age) to minimize the percentage of-lir(;le spent at
decreased preload (i.e. inspiration) and increase TV to 10ml/kg, then we maintain our MV goal of .
100mV/kg/min. Now that we’ve logically arrived at a strategy of decreased RR and increased TV, let’s rewrite
the order of the steps as so: increase TV first, then decrease RR to match MV goal. The reason for this is that
we don’t want to arbitrarily drop RR and then wind up in a situation where we can’t titrate T/V up to goal — that
would result in a decreased MV (which we said is an important thing in the patient at risk f r shock). So let’s
g0 up on TV as much as we can to a goal of 10ml/kg (or as close as possible with a safe P ag,bnd then drop .
RR afterwards. Even if we aren’t able to drop %TaDP by half as in the example shown, we can at least move 1n

that direction while ensuring adequate ventilation.'”® / _ ,
Now there are other justifications for using a high TV and low RR strategy that don’t include this

%TaDP concept, we just find that this concept makes it easy to appreciate. An alternative justification would be
that the strategy decfeases dead space.'® We talked about this idea back when we discussed making changes to

address MV needs'**and the idea is that dead space gets introduced with each breath given, se-fewer breaths
e Paidea we just

(with more volume each) means less dead space overall.- Another rationale would be tlgﬁ_
mentionen{éi’t‘his high TV, low RR approach decreases average pressure into the sys specially, when we

consider lowering PEEP towards zero (Lclu&ing-the\bare minimum necessary to maintain oxygenation). While
lowering Paw can negatively impact-'o’xxgenai‘tion,_ we may be able to counteract that with higher FiO2 to meet
our oxygenation goals. The moral here is-that there are multiple justifications for this strategy; one has been

spelled out here and the other two are deferred until the Appendix.
To summarize: in the hypotensive patient we want to decrease the amount of time spent at decreased

preload while maintaining MV at our weight-based minimum. To do this, we drop I-time to low of normal,
increase TV towards 10ml/kg IBW (in PC this may mean starting at 15-25cmH>0), and then decrease RR to
maintain our MV goal. We also want to be cautious of high PEEP while recognizing that oxygenation
(facilitated by PEEP) is important in these patients with potential low perfusions states. Said one more time in
the short and sweet manner of things: when ventilating the hypotensive patient, drop I-time, increase TV, drop

RR (to maintain MV goal), and keep PEEP to a minimum.

135 Another advantage of titrating TV first and then RR is that it allows the strategy to be applicable to both adult and pediatric patients
without having to come up with more age-based recommendations; while this may or may not be a good reason in and of itself] it does
help to keep processes simple and applicable across the board...

16 Bauer. 2015 — While the strategy discussed in this podcast is slightly different than ours (and includes decreasing PEEP all the way
to zero), the basic idea\js the same

15%This was in Ventilation
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min - mnute: ml - nulhiber: mmHe - nollimeters of mercuny: MY - prnute volume: PCO: partial pressure ol carbon droxide
PS - pressure support: RR — respiraton rate; RS- rapid sequence itubation.
SINIV — svnchromized mtermmittent mandatory ventlation: TV tidal volume
&
A \i . ) \\\n MV
Acidosis i X\
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One of our prifhary ventilation goals with acidosis is to facilitate respiratory compensation against the
underlaying acidosis. |The classic example here is a DKA patient breathing at a RR of 30: flight crew comes
along, RSIs the patignf; and then sets the vent up at a “normal” rate of 12. The patient had been compensating
with an increased RR (and thus MV), but that compensation gets taken away suddenly. Asa result, the patient
crashes and dies.-SG let’s not do that. And just to quantify the extent to which our doing so changes the
for this hypothetical patient, let’s look at the MV difference between a rate of 12 and 30 with an assum d TV of
500ml: , r

MYV calculated = TV x RR
. MYV calculated = 500ml x 30/min
O " Kt\ & MYV calculated = 15000m1/min
\ \/7 ( J¥ MYV calculated = 15L/min
ﬂ\\ﬂ* MYV calculated = TV x RR
MYV calculated = 500ml x 12/min
MYV calculated = 6000ml/min
MYV calculated = 6L/min

In an acidotic state MV increases a whole bunch. While a bit tricky to pinpoint exactly what that goal
ought to be, let’s start with a goal double that of the normal patient: 200ml/kg/min.'*® To achieve that goal, we
may need to increase both RR and TV. In order to increase MV and get our EtCO2 within a normal range we
typically start by changing TV first and then RR? The reason for this way that we get more bang for our buck,
as adding a breath also adds in dead space to the equation. In the acidosis situation, however, the patient is
likely already breathing fast, so let’s just use a high of normal TV (i.e. 8ml/kg) and see what kind of RR we’d
need to get to this increased MV goal of 200ml/kg/min:

MV goal = 200ml/kg/min
MV goal = 200ml/kg/min x 65kg
MYV goal = 13000ml/min
MYV goal = 13L/min

TV = 8ml/kg x 65kg
TV =520ml

159 Weingart. 2010~ Qijﬁlggestion vaguely resembles the one recommended here (double MV to drop CO; from 40 to 30, that’s with

a starting MV of 120/ml/kg); that said, this is a minimum starting point and we may need to take it further than that — the idea is that
we initiate ventilation to’prevent immediate deterioration and then go from there to work towards goals (as outlined later in this
section)
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ZOOka];g/h;ii?ez:nst;hm aTVat 8.m[/kg r:.md aRR otj about twice normal \\.rill getus the theoretical MV gf

- - n'thg normal patient, this woulq drive our EtCO; down significantly and create a sta : of ~
cspiratory alkalosis, but we said already that this compensatory respiratory rate is what we want— glow we just
need to figure out how to measure or quantify to what extent we are helping the patient. We ",b wan a
footnote that this figure (the 200ml/kg/min one) is just a starting point, we then need to be a little fmore exact in

how we go from there. There are a few strategies here and we’ll talk about them stepwise in order of least exact
to more exact.

we took that respiratory effort away. This assumes that the patient was compensating adequately. And while
this doesn’t give us a quantitative goal to work towards, it is better than nothing. We can match the patient’s
effort on our machine, complete the transport, and then have the receivin facility check ABGs when we arrive
to see how things have improved (or gotten worse, for that matter). }0/ if we can do gasses en route, we can

always start this strategy and then evaluate progress along the way. X fe.+clr et

Another strategy is to measure the patient’s EtCO> (perhapsAsia-a nasal canuyla,device or by cutting the
ETT connector off a regular in-line attachment and sticking in the patient’s moulh)ﬁ;w@mking the airway.
We can then match the patient’s RR (as above) or set RR to twice normal and theri adjusto this EtCO; that the
patient was at pn’b/t us messing with things.Again, this strategy is similar to the above strategy in that it
requires that the patient was compensating adequately on his or her own before we intervened.

A third approach is to utilize Winter’s Formula to establish an EtCO; goal. The formula looks like so:

The formula is designed to measure the respiratory component with a known metabolic acidosis (i.e. -
CO; is compared to a calculated PCO; to determine adequate compensation or if a mixed disorder is
but we can modify its use in the transport setting to guide our titration of EtCO2 (via MV):'62

measure
present)'!

EtCO; should be < (1.5 x HCO3°) + 8

160 For sure not FDA or manufacturer-approved and only to be used when no other options are available ©
161 Foster & Grasso. 2014 — Short video to explain the formula and it’s use in a clinical setting . .
162 | odeserto. 2018 — See Part 3 of this series, it gives another perspective on how to manage the vented patient with concurrent

(severe) metabolic acidosis
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First thing we can do is to match our RR on the vent to the rate at which the patient was breathing before .
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| lioxide
1 ) G ol carbon dioxide
min - minute: ml - milhiliter: mmHg - nllimeters of mercun s MY = minute volume: PCOy - partial pressure b

PS - pressure support; RR = respriraton rate: RSE = rapid sequence mtubation

SIMY — synchromzed intermitient mandatory ventlation: TV — tdal volume

A few notes about all of this. EtCO, generally correlates with HCQ3 ~ fairly well, with Ethz no@ally
2-5mmHg below PCO,. That normal difference is due to anatomic dead §pace and »q\” increase with ac?dmonal
dead space (i.e/alveolar dead space). That éhig,\gvcn with more dead space in pla§/EfCO2 and PCOz will move
in stepwise fashion at the same rate. ‘63{%;‘1;\@ use this modified formula, adjusyMV to that goal, and get our
EtCO; right at the calculated value bas ;f 3 HCO; ™ from labs, we still may be a bit shy of our MV goal.
Just keep that in mind and know that’s wlﬁy we wrote it out as we did without the “+” and with the “<.” And .the
HCO; ™ can be from either the BMP or ABG for our use in the transport settings, but know that there are varying
opinions on that.'*

To bring it all home, we can do all of these strategies together: try to match the patient’s RR and EtCO;
as measured before we intervene, then compare both MV to our calculated minimum goal of 200ml/kg/min and
EtCO; (both the patient’s pre-intervention one and our subsequently-measured one) to an EtCO2 goal derived
from Winter’s Formula. The only next best thing here would be to remeasure gasses en route to see how the
patient is responding to treatment, but most of us don’t have that capability in the field and we’ll withhold a
discussion of it here.

We went on a bit of a tangent here, but let’s get back to our vent strategy for the acidotic patient: use a
TV goal high of normal (8ml/kg) and increase RR (either to match patient’s intrinsic rate or even just double
normal for patient’s age), then aim for a goal MV of 200ml/kg/min and an EtCO; of patient’s baseline prior to
intervention or as determined by Winter’s Formula. Because we are shooting for a high MV in the acidotic
patient, AC mode may be the best for these patients if they are triggering breaths spontaneously. If we do go
SIMYV and the patient has spontaneous effort to breathe, we may consider increasing PS so that patient-triggered
breaths match machine-delivered ones (and this would avoid a drop in MV if we were following the normal

SIMV strategy of PS breaths below TV goal).'®®

163 Siobal. 2016 — And look here for more informatién on CO, monitoring in general

1% Nargis & friends, 2015 — This is because in the BMP it is a measured quantity, in the ABG it is calculated and there can be some
discrepancy between the two values; all that said, there is strong correlation between the two and it likely doesn’t much matter in the
majority of cases (and while this particular study was looking at the totally unrelated idea of cost-effectiveness related to blood gas
analyzers in the developing world, the findings on|correlation between the two values are still worthwhile)

165 We talked about this idea way back in the section on SIMV
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Acute Lung Injury/ Acute Respiratory Distress Syndrome

Another well-known and
strategy, also known as the “lung-protective

established strategy in vent management is the “i

3

. njured” or “sicl@/ ung ¥

susceptible to further injury and b approach. These patients have lungs that are particdlarly

over-inflation. We jury : arotrayipa and, as a result, we use less volume per breath in an effort to avoid
- Wethen have to increase tafé to maintain MV ot be OK with an elevated EtCO,. Another

component of this strategy is hi ‘ 57 T : .
and physically disp]aceefti;;;lgth;r than nonnal_if‘_EEP to,rmpr9ve oxygenation, maintain recruitment of alveoli,
i injoryeand dies . a has ;ccumulaledan the alveoli. We’ll start by reviewing the concept of acute

) ussing the pathop ysiology of acute respiratory distr: ! i
specifics about ver Sirstees: piratory distress syndrome, then we’ll get into

excl Acll:ge lung 'injury (AL.I) refers to a number of pathologies that inhibit normal pulmonary gas
ange.™ Specific causes include sepsis, pneumonia, bleeding from a traumatic injury, inhalation of toxins
or smoke, and aspirati

on. ALI is a concept that lives on a spectrum with acute respi i
A : piratory distress syndrome
(AR[?S) being .the end result if left alone to progress to the bitter end. While ALI, as a term, may also be
descr?bed as mild or moderate ARDS, the underlaying pathophysiglogy is the same. The main component of

ermeable to stuff that normal is normally

/S €
/ ™ ) the results:
r’A \ \
@A ; \ fluid also shifts (due to increased osmotic
7 \'\ pressure inside the alveoli), resulting in
i ( 1 pulmonary edema
increased permeability of P \ N presence of these large molecules results
capillary and alveolar V4 N in an inflammatory response that further
walls leads to movement \ damages the alveoli
of large molecules into the
alveolar space decreased oxygenation 2
hypoxic pulmonary vasoconstriction =
pulmonary hypertension
— — e e E—
normal T ommmmmT T —— } vasoconstriction
blood flow | ecem=== -.---.....__~ ------------- related to HPV
— e e s

166 Ragaller & Richter. 2010 — Not only do they provide an overview of the disease process, they also discuss this whole vent strategy
and summarize research to date (at least as 0f 2010)
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min — minuie: 1 liliter: ' !
coml=mulhiliter; MV — minute volume: OK alnghts Pa0; — partial pressure of arterial oxygen: PC - pressure co irol:

PEEP - positive end-¢ e
I heend expratony pressure: Pplat - platcau pressure: SpO; = pulse onmmetny . 'V - udal volune

_ There are quantitative criteria for ALI and/ or ARDS-{depending on how we choose to define it), but
Fhat 1§n’t necessary to our field treatment. Given purlm-capabi]ities in the transport setting, we generally
identify a patient who needs this vent strategy from a réport per sending facility or suspicion based on clinical
progression of the illness. There are also many recommendations to use this strategy for all patients who don’t
fit any other category.'®” The strategy includes low T igher than normal PEEP, maintaining recruitment,
and permissive hypercapnia. Let’s discuss each of these in turn and give some specific guidance.

Starting TV for these patients should be 6ml/kg IBW, but we may get as low at 4ml/kg eventually. This
recommendation is from the ARDSNet studiés'®which compared-TVs of 6ml/kg against 12ml/kg and
determined that lower TVs resulted in significantly better outcomes for these patients.” While it may seem that
§kag and 12ml/kg represent two extremes and it could be tempting to rationalize that 8 or 10ml/kg probably
lSI-l’t all that bad, we do know that 6ml/kg is OK, so let’s just stick with the data and ventilate at 6ml/kg until the
science people tell us otherwise. s

- In addition to low TV, we go up onE#j toimprove oxygenation. Consider doing so in a stepwise
fashion as recommended in these charts:!”)// ' -

OXYGENATION GOAL: Pa0, 55-80 mmHg or Sp0, 88-95%

Use a minimum PEEP of 5 cm H,0, Consider use of incremental FiO,/PEEP
combinations such as shown below (not required) to achieve goal.

Lower PEEP/higher Fi02
FiO, 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7
PEEP S5 5 8 8 10 10 10 12

Fi0, 07 |08 |09 (09 [09 |1.0
PEEP 14 14 14 16 18 18-24

Higher PEEP/lower Fi02
Fi0, 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5
PEEP 5 8 10 12 14 14 16 16

Fi0, 0.5 0.5-0.8 | 0.8 0.9 1.0 1.0
PEEP 18 20 22 22 22 24

/
/
/
/

167 And in the case of two-strategy recommendations, it is either this or an obsfruction strategy that make up the choices

168 The Acute Respiratory Distress Syndrome Network, 2000 — Much of the data we have on contemporary vent management comes
from this group of researchers and subsequent investigations by other folks/based on their research

169 Sahetya & friends. 2017; Burrell. 2018 — And for a more detailed discussion of this idea, take a look at both this article and a
review of another paper that sought to investigate this idea (\ /

170 NHLBI ARDS Network, 2005 (image); NHLBI ARDS Clinical Trials Netwhrk. 2004 — The chart comes from that first reference
sheet; the study cited shows that either of those two approaches is appropn'éﬁ\in fact, they modified the study in process to test even
higher PEEPs and that approach is also a legitimate choice (but we’ve left it out just to keep things a little more simple)
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Another really important component of our ALI/ARDS strategy is alveolar recruitment. This is a
concept that we’ve talked about some, but we’ll get into it more here.'”" Recruitment is the idea that we can
actively re-inflate collapsed or underinflated alveoli as we drew out in our previous discussion of PEEP. One
component of the ALI/ARDS disease process is that the alveoli are particularly susceptible to both barotrauma
and stress due to repetitive expansion and collapse. By slowly filling the alveoli with air and then using small
volumes of air with each breath, we maximize usable space within the lungs and avoid causing damage. PEEP
allows us to make this happen (i.e. it maintains recruitment through this process) and in turn we sacrifice net
movement of air per a permissive hypercapnic approach (i.e. we sacrifice Ventilation in order to maximize
Oxvgenation). /¥, | VL ot m——

. Carrying on }ﬁith this idea, if we have a partially inflated alveolus stented ope1/1 with PEEP and then
disconnect the vent circuit, that alveolus goes back to where it was before we s tet/i In a normal lung there are
forces that maintain recruitment to prevent this loss and we can also re-recruit/tHaf alveoli on the order of
seconds to minutes, so it isn’t a huge deal for us to be worried about losing recryitment — we just get them back
on the vent, add a bit of PEEP, and we are back where we want to be with no real negative outcome. With the
ALI/ARDS patient, however, it can take hours to recruit alveoli. This means that if we lose recruitment, we
lose all of that progress towards better oxygenation and our patient can deteriorate very quickly.

With that in mind, it is important to keep the system that extends from the vent to the patient’s alveoli
intac;r at all times. When we do have to break the system, such as when we transfer the patient from our
Z;:]: e to the hospital’s machine or vice versa, we can maintain recruitment by clamping off the ETT. The

#Fpoint is to prevent pressure at the alveoli from dropping below PEEP, so it theoretically doesn’t matter at
‘which|point in the respiratory cycle we clamp the tube and perform the swap. That said and just to be safe, let’s
do this clamping of the ETT during inspiration — that way if we leak some air out in the process, we have a
cushion of safety. And here is what the technique looks like:

clamp ETT with hemostats before disconnecting
(consider using a 4x4 to pad things so that the
teeth on the hemostat don’t damage the tube)

IT And/again\in Recruitment Maneuvers

\ W - 104-



- P WS T
ot Sidet

| onyeen: PO - pressire control

partial pressure ol arterid :
ndal volume

min — minute: ml = milhhier: MY minute solume: OK - alnght; PaO;
- : . ( \
PEEP — positive end-expiratory pressure: Pplat - platcau pressure. SpO; - pulse oximetry. I

Last thing to mention with this ALI/ARDS strategy is MV. We mentioned already that we start ata TV

of 6ml/kg and may need to go down to 4ml’kg. With higher PEEP we increase overall ai.rway prc?ssures fjmd
theréfofé that 6mlkg TV on top of a higher PEEP (up to 20 in some cases!) means We might run into a high
Pplat. If we notice Pplat encroaching on our safe limit of 30cmH:0, then we can dial the TY down to Sml/kg
and then to 4ml/kg (or if we are in PC we can just go up on PEEP and look at VTe). Dropping our vV to-
4mf/kg will reduce MV and increase EtCO», but let’s quantify that difference in MYV with an assumed patient of
65kg IBW:

MV goal = 6.5L

TV =4ml/kg x 65kg
TV =260ml

MYV calculated = TV x RR
MV calculated = 256ml x 17/min
MV calculated = 4420ml
MYV calculated = 4.4L

And to maintain our MV goal, let’s see what kind of RR we would need:

MV goal =TV x RR
6.5L =250ml x RR
6.5L/250ml=RR

AP . 25=RR
.;m&?( '

So to maintain our M\{I goal with a TV of 4ml/kg we need a RR of 25 for the adult patient. Which is
OK if we can comfortably get fnlwe patient there. If not, that’s also OK. In fact, there is some evidence that
hypercapnia (i.e. a high EtCOj related to a lower MV) is alright for these ALI/ARDS patients.'” The data isn’t
super clear at this point, but rest easy knowing that if we can’t attain our MV goal there may be a silver lining in
this case. With pediatrics ( in is too slow), we just go up on RR as much as we can to meet (or
exceed if in VC) our MV goal. Consider doubling RR or using the high end of normal for a given age range or
just titrate up from a norrr{af?ate — the limiting factor will be comfort and exhalation (i.e. monitor for AutoPEEP
to ensure full exhalation). * ~

To put %togethe‘ : ALI/ARPS represents a spectrum of disease that primarily impacts the integrity of

/
/

the alveolar an capillary wall “and fesults in increased permeability, movement of large molecules and fluid
info the alveolar'space, and further damage from an inflammatory response. Vent strategy is focused on low
ing at 6ml/kg (down to 4ml/kg if needed) to avoid barotrauma, high PEEP to both maintain

itment of alveoli and displace fluid, maintenance of recruitment at all transfers in order to avoid rapid
deterioration, and an increas¢ in RR to maintain MV (possibly with a concurrent strategy of permissive

hypercapnia).
. L)
Q % AWM \‘-)
7/0 S

'2 Just to clarify: the idea here is that permissive hypercapnia is allowable, not that it proviqfcf

extra benefit
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And one last thing to mention about this strategy. We said just a moment ago that lots of folks
recommend a two-strategy approach to ventilation in which we use either this ALI/ARDS approach (termed
“lung protective™ or an obstruction approach.'™ We've said here that we have a general vent strategy for
routine ventilation and then specific strategies for certain patient types. The differences between our general
strategy (which is similar to a general “lung protective” one) and this ALI/ARDS strategy is related to
recruitment of alveol; (and being super careful to not lose it) and the idea that we may need to go down on TV
to 4mlkg. Both of these things are totally OK in the normal patient that we ventilate using the general strategy,

it’s primarily as matter of emphasis. If it makes things easier to default to this ALI/ARDS strategy in all cases
that don’t warrant one of the others, that’s completely acceptable.
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“ aqydeexpiratony pressuic
mmHg - millimeters of mercunv, MV = minute volume: O — oxy gen: OK = alright; PEEP - postiive endsex; I

¢ ONIMELry,
Pplat - platcau pressures PPV = positive pressure ventifation: RR = respiratory ke SpO; - pulse onime

IBI - traumatic bramn mpury: TV~ ndal volume

Other Potential Strategies
Theabqve list of vent strategies addresses four markedly different situations that we often come across
in the transpof? setting, but there are other potential injuries orf pathéphysiologies that might also warrant .
specific adjustments to the normal list of settings. While we could theoretically compile a list of all the poss?ble
things and work out an algorithm to address each one in turn, that gets a little cumbersome and would resultin a
hefty protocol that might be difficult to navigate through when time is of the essence. The idea is to work
towards an understanding of how the body responds and how the vent does its thing so that we can make
changes on the fly and anticipate the results that will come of any adjustment away from normal. But just to
mention a few examples without going into the same level of detail as we did above, consider the fo]lgwin g
situations. g 1° Cor o° { ] ore e ’F w? f 5.’
In the patient with a head injury or traumatie-braiinjury (TBI), we often choose to aim for an EtCO
low-of-normal to what we’d typically use for a standard patient.'™ While we don’t necessarily hyperventilate
) these patients anymore, we could adjust MVtoa tighter EtCO> goal of 35-40mmHg by going up on eitherTV
(preferred) or RR. We also want to maximize oxygenation and, therefore, may be OK with an SpO: of 100%
during transport (whereas-we would normally titrate Fi©>-dowa in response). We may also make small
adjustments to our settings in an effort to maximize patient comfort (and therefore avoid any increase in
intracranial pressure), whereas we might noE pay as close attention With other patients.

In the pregnant patient we might s utilize an FiOz of 100% to maximize O delivery to the fetus.
Since many services don’t have the capability of fetal monitoring during transport, this is a way to ensure that
we don’t have a hypoxic injury or put any undue stress on the fetus. We also need to consider an increased MV
goal for the patient (which may mean an EtCO; goal low of normal, somewhere in the 30-35mmHg range),'” as
we have baby to consider as well,~Another consjderation is patient positioning — in the vented pregnant patient
we not only have decreased preload due to PPV, "we could see that drop in CO compounded by pressure of the
fetus on the inferior vena cava. So either turn the patient to a lateral recumbent position or displace the gravid

uterus over to the side. Y ) -

Significant chest trauma is another one. We’d like to treat these patients via the %S strategy,
but we may also be concerned with hemodynamics and want to use the hypolensive strategy. se two are at
odds with one another (low TV and high RR for ALI/ARDS, high TV and low\RR for hypotension). In this
case we have to get creative. Maybe we forgo the hypotensive strategy and choose the ALI/ARDS one, but get
aggressive early on with vasopressors and fluids and/ or blood products in anticipation that a hypotensive state
may be precipitated by our strategy. Or maybe we go with a strategy more in line with the hypotensive strategy,
but start out with lower PEEP and leave FiO; at 100%. There is no right or wrong here and it depends a lot on
how the patient presents in that particular situation.

260
% |
128 Godoy & l'ricnd/. 2017 — Detailed overview of this concept and research that has been done to date
175 Wingfield, 2012; LoMauro & Aliverti, 2015 — The idea was suggested in a video by the first guy; the physiology behind it is

discussed in an article by the other two
ERR ERF
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1w outpul
conuestive heart falure: € O - cardiac ]

< syndrome: CHI
) arbon dioxide.

deute respiratory distres

 lung )S
ALL - acute lung injury ARI iy

COPD - Chronte ohstructy e pulmonary disedse. cmhO
FiOQ,  fpaction «

/ [oiiq o Of O10T €p2r f!T .

) i i st thin
On a tangent to this chest trauma ide e/i?a patient develops a tension pneumothorax er;ll:ni;cér:eof“heg
we can do is to take the patient off the ven(";;‘? Not take them off the vent and-bag them, but take i

‘e fix that problem. PPV can tension a pneumothorax very q

d don’ them untjl We/
e vt 0 mvil g hings decompress (or place a chest tube/ perform

and we want to avoid making things worse. So disconnect the vent, : ) ;
‘l i i eeping a
a finger thoracotomy), and then get the patient back on the vent. Because of this, we may consider keeping

patiénts with the potential for pneumothorax on an FiO2 of 100% — that allows us more time o perform the
procedure in the event that a pneumothorax develops before the patient desaturat'c.s. i

\ A patient with CHF or pulmonary edema may warrant more PEEP to facilitate the- movement q -
out of the alveoli.'”” In addition, PEEP might help drop afterload to facilitate both pcrfuslon and cIes'ir‘mg 0 )
fluid from the pulmonary side of circulation. And while it may make sense that a high FiO2 could mitigate t te
effects of an HPV effect in these patients, there is some risk to that strategy and treatment fOCl.lSE:d on adequate
MYV and PEEP are preferred for the CHFer.!™ Folks with COPD may ought to have oxygenation tightly

controlled due to potential effects of 02.'7° We could even argue the c:?[pﬁ"ﬁpeciﬁc toxic-exposure strategy
— some combo of ALI plus or minus acidosis, depending on the agent d#or route of exposure.

It quickly becomes evident that there are a number of cases that-don’t quite fit mold by whlch we try to
simplify vent strategies. And that’s totally OK. The templates are there as frameworks fr?m which we then
consider the specifics of each patient, one at a time. The important thing is to know what impact any vent
change will have on the patient depending on how (s)he presents in a given situation. Therg are lc')ts of cases In
which there isn’t a straightforward answer, but as long we don’t make things worse by titrating things the wrong

centimeters of water: Et€ 0

nspired osvgen

way, all is good.
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176 Wingfield, 20 I/E ~ Haven’t seen this idea discussed elsewhere, but it seems appropriate to discuss for all of us transport folks
177 Perlman & friends. 2010 — While a Pplat up to 30cmH:O is likely still just fine with these patients, just know that pulmonary
edema can make the patient more susceptible to injury (and this article discusses why that might be via a unique experiment)
178 Kuhn & friends. 2016 — See disqussion of these ideas here

1" Swaminathan, 2015 — Short and sweet discussion of whether or not these are even valid claims

E. 10} EgaE
b (5




AYRCET JFTEREREE =

|‘:L'-NIIE\‘-IL_.'II\.IT\LI volume

) . "t i »
PC - pressure conttol: PEEPR posinne end-expiratony pressure @ Pplat - plateau presstne. PRVC

control”RR \.'L'\‘nf_”.\r\ rate: IV udal volume V( \l"\llll&‘\.“”""l

Make a (Calculated and Informed) Plan

on the ventilator. In particular, it looks at
over a patient in which

king over of vented patient
t types, the truth

tient is happy

This next section covers how we go about setting the patient up
how the process differs whether it’s us initiating ventilation versus if we are taking
ventilation has already been initiated. This may not seem like a big deal, but the ta
is a bit tricky. Even though we have these predetermined strategies for various different patien
is that there is a lot of variation in how patients respond to the vent: sometimes an asthmatic pa
with an I:E of 1:2, other times a hypotensive patient has a high RR and low TV for good reason, etc. Because
of this, we need a method to determine when changes are needed and when we can leave things alone as we find

them. o) poit BV,
| f”P r’i[";' (\n,\
/

Getting the Intel Ready /

First thing we do for any patient who needs to be or is already ventilated is listen. We listen to a report
from whoever was hanging out with the patient before we got there. This is very important for all patients, as it
can tell us how the patient has responded to or will respond to strategies we might have in mind. We then (?Ejn)
after listening) decide on a strategy based on how we think that patient ought to be ventilated (e—hypotenstve”
strategy;-obstructi ome-hybrid-situation). Next we get an accurate patient height (eithe[_ﬁ'gg a
reliable healthcare provider or by measuring it ourselves) and perform three calculations: [BW, TV,MV. ~

o € re is the patient exam. We'll discuss a few of the speciﬁcs_‘wm we talk about a
patient already on the vent, but we for sure want to get an exam done before we start manipulating things or
playing with our vent. Our mental construct of a strategy based on the report we received should match what
we see in the exam. If not, we need to clarify that amongst ourselves before moving forward. No need to
elaborate on that here, we all know the importance of a good assessment. So once we have a report, have done

an assessment, and are decided on a strategy, we move forward.

L " x*“.' 1 * 1
-} t_.«(\‘"\ \ ] \v L ‘\1 ,
5 WY Eh\“ N b

e\
From Scratch [ V6 A\ SN

When we are the ones initiating the/vent, it’s fairly straightforward: we take the settings we’ve come up
with based on presentation and pathophysiology, then plug them in to whatever mode and method of control we
decide to use. We’ve already talked about the different strategies and why we may choose to use one mode or
control over another, so we won’t spend any more time on that here. The easiest way to do this is to stick with
whatever our machine defaults to and then adjust from there if need be. Once the patient is on the ventilator, we
just need to confirm that everything is going as planned, beginning with the Three BigiThings;"oxygenation,
ventilation, and comfort. Once we get those things sorted, we can then move on to sgme of the finer subjects
(which will be discussed in the next section, Keeping Things Going). /O

Just to reiterate: the settings we conceptualize prior to initiating ventilation (and as discussed in the
previous sections) are starting points from which we then make adjustments. It may very well turn out that we
end up with settings, based on patient need, that vary significantly from what we initially had in mind and that’s
totally OK. But the starting point ought to be based on both on calculated goals and settings founded in
physiology. And if we have no idea which strategy to choose or if the patient fits too many categories all at
once, just start with those basic settings we discussed in A General Vent Strategy and go from there.
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Patient Already on the Vent

Wi i i i
deorith flf'n someone already_ on the vent, it gets a little more complicated. We'll draw it out in a short, simple
gorithm first and then we wil] expand on it as we go:

Ldn we like what we scﬂ

VEs —

no m—l

v
match their settings _] i can we fix it?

yes +————— po —l

L awesome, do that —I I start over from scratch ‘

The first step in this little algorithm, “do we like what we see?” refers to a few different things: First of
all are t}}e Three Big Things: oxygenation, ventilation, and comfort — those for sure need to be addressed.
Se(‘:ond 1s strategy: are the chosen settings at odds the with what we had in mind? In the case of a hypovolemic
patient with a high RR, for example, we may say, “yes, this strategy may be detrimental to the patient.” In the
case of an asthmatic patient with an L:E of 1:3 we may decide, “this isn’t what I would’ve set up from scratch,
but let’s see if it is working for the patient or not before deciding to change things.”The idea here is to see
what puts our patient at risk and what doesn’t: a high %TaDP and hypotension ddes put a patient at risk, an I.E
of 1:3 in an asthmatic with no AutoPEEP doesn’t. %  __ Se >4 %d’ ot

So we addressed the Three Big Things, we made sure the existing strategy isn’t counterproductive based
on what is going on with the patient, then we look at vitals and labs.'® The idea is to ensure that both perfusion
and acid-base balance are all good, in the-context of our vent strategy, and that we don’t identify a life-
threatening value or pattern of \ra_luesﬁ\le:)c need to get into specifics here, but if all is well in each of those
general three subject areas, then there is no reason for us to go messing with settings and we should match what
they are using. The only exception here is if our machine can’t do the settings they have. For example, the
patient is on PRVC and we don’t have that choice — then match as best we can in eilher&or P_Q\“’{i go from
there.

But what about checking a Pplatand AutoPEEP? If our patient is alive and well and passes an
assessment in all three categories we just discussed (the Three Big Things, vent strategy, vitals and labs), then
those things can wait until we get them on to our vent. Some reasons for this: the delay here is only a few
minutes at most, the measurements will likely vary by machine (i.e. how individual breaths are delivered), and
we’ve already determined that the patient is stable via a number of different assessment parameters. And while
scene time may or may not be a valid reason, we do want to use time efficiently ar\d get patients moved unless

o ‘.“} .L_m(
we have reason to delay. 1! LS e e
| T VAN
¥ 7o ((:-rd'.' -_ § ‘}3‘?607 hY: l BA\f)
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180 And we don’t really discuss labﬁ{ in this manual, but there are some resources listed at the very end (under Suggestions for Further
Reading) that can fill this gap
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PC - pressure control: PEES posttive end-expiratony pressure : Pplat - plateau pressure: PRVO - pressure-ret ulated volume

contraly RR - respuatony rate; TV = tidal volume; VO = volume control

_ Let’s r9da’\w that simple algorithm we started with and add in just a little bit of detail to include all of
these ideas a,r,rdkmen we’ll move on to the next question and talk about it in detail:

-

Vd

do we like what we see?

* Three Big Things: oxygenation, ventilation, comfort
* vent strategy: ensure its not detrimental

* vital signs and lab values

yes > no —

[ match their settings —I can we fix it?

ye§ +——————— o

| awesome, do that ’ | start over from scratch ‘

Next question to discuss further is, “can we fix it?” We’d like to address whatever issues we have (as
determined by our assessment in the first box of the algorithm) by way of one or two interventions and keeping
the majority of settings as they are.'®' For examples: if the patient is uncomfortable arg:'l we can provide
analgesia on top of the sedation (Hey are already getting, that may be all that is needed; if we can fix a high
EtCO; by increasing L)/(or a bit, no need to change mode or control; if we can address a potential for
hypotension by decreasing RR and then increasing TV, all is good; etc. If, however, we are getting into a
situation where it will take lots of changes to set things right, it may make the most sense to start from scratch
with a whole new set of parameters. And in that case we may as well change a bunch of things and go with our
preferred strategy.

One thing worth mentioning here is that it is sometimes cool for us to make these changes as the patient
lies and on the sending facility’s (or crew’s) machine. Other times we make the adjustments as we transition to
our machine. We for sure want to avoid alienating the transferring staff by messing with their machine if that
relationship doesn’t exist, so just be cognizant that are two sub-options in the “awesome, do that” course of

action: do it right now and on their machine or do it as we transition on to our machine. Last thing and probably

already obvious is that there is some middle ground here: we may make some changes right away and then
defer other things until transfer, all as part of the same strategy. Example: give sedation now, adjust TV or RR
during the transition.

* rs JOJBS:’ “r (ovaqu

w oo e Ans
Ry W‘\"‘r{"“ 4 /

'! And for help in deciding this, consider using Critical-Medical Guide — it’s an app that’s got a nifty feature in which we simply enter
in current vent settings and an EtCO; goal and it spits out suggested vent changes
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And one more time, let’s see how the algorithm would look with these additional details added in:

do we like what we see?

* Three Big Things: oxygenation, ventilation, comfort
* vent stralegy: ensure its not detrimental

* wital signs and lab values

ey

yes

ves no
(1-2 changes/ actions) (many changes/ actions needed)

- =

awesome, do that: [ start over from scratch ’

* consider doing it right
away on their machine

* if not, implement changes
as we move 1o our vent

If at any time during this\whole process things get too weird, we can always skip ahead to the “start over
from scratch” end of thing jlst recogd at the more changes we make, the less able we are to evaluate the
efficacy of a single interve fon. like 4 science experiment, it helps to isolate variables and know that the
observed result can be attributed to a Spgcific adjustment. And even though we mentioned it already,
interpersonal dynamics also come in to'play here: make changes based on necessity, not on personal preference

— that will help us maintain positive relationships with referring staff and crews.
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ETT - endotracheal wbe: FiO, - iracuon of mspired onygen: I-time = mspiratory tme, MV - minute volume 0y — OMyLEEm:
PaQ:; — partal pressure of artenal onveen: Py, - mean wirvay pressures PEEP - positive end-exprratory presstire
PIP - peak inspiratony pressure; Pplat - platcau pressure; RR = respiratory rate: SpOy pulse oximetny Iy - tidal valume
Ve - exhaled tdal volume; WTE — what the

Keeping Things Going

This next section goes over what we do once we have the patient on our machine and the Three B

ie Things

(oxygenation, ventilation, comfort) have all been addressed. We talked already about how we somelimes vary
from the/settings we start out at and this section explains how that happens. We want to both avoid injury and
optimize air delivery, so we make adjustments to work towards those goals and ensure that things stay safe for
“our patients,

X

Watching Pressures

We talked about these three things already in the section titled Yent Parameters, Round Two, but here

they are again: peak inspiratory pressure (PIP), plateau pressure (Pplat), AutoPEEP, and mean airway pressure
(Paw). And for visualization, in case we forgot, here’s what they look like on a pressure waveform in VC

ventilation: <9 Ot ¥
PIP /

T ol

/ / Pplat
+ +
- -
g g -
a | time =2 & | time =
+ AutoPEEP }
5 J PEEP I
g 1=
?' time > PEEP (5cmH20 baseline elevated with addition AiitcPEED: differerios betweds

above baseline) of more pressure above PEEP  where we end up and preset PEEP

time 2

- pressure +
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acule lung mmpurv: ARDS - acute respiratory distress synd
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1C 1 mtensive care umt: Izl

kiloorams

o
olaDp ) s |
pereentacye ol time at decreased i‘.’\.ll' i
I.\\l‘il.lll‘f\

emH.O  coenumeters ol water; ETT - endotracheal tube
JEMS  Joumal of Lmergeney Medical Services: kg
High fo i :
_—" maxgis no;iifl’] ;53305(;1:'1;2(()), aarlll(tjhoug; we may go beyond that in certain situations (such as a small ETT).
wloes Palat iy oot oo closo] we do U}Ifsgo stick by tha-t one whenever possible except in thos cases
heviinal wotee s olar pressure. AutoPEEP is normally zero and we always take actions 10
. a,cﬁgﬁgga P uE e se; ev1dence.of !t. As for Pay, \‘\(/l,d’())‘]’]t generally cite a normal range, but know
paramaers e }((:az e the first .mdlcator of ju;hunge"mmewhere in the system. All of thesé¢
f e o D aftel.-:: ;3 .(when possible, dependmg on control and patient’s respiratory effo 41 within
e placing someone on our machirie and then again periodically through l/‘aﬁsbort. It
y help to simply add these pressures on to a mental list of vital signs to reassess as W€ go.  / 7
- A.s far as what to do with this information once we have it, here’s a flowchart to help sift through the
information and take action to address potential problems:'®*

r pressure change noted _J

L + 2
check those Three Big Things: ? ’
L * oxygenation Iff Vet ( -
« ventilation Vi '&l
« comfort /
I ‘/
]
T
%
check PIP & Pplat check all connections —
check ETT cuff/ consider air lcak 7
consider increasing compliance (VCmede)™

<
g
—d
= — I -
- 1PIP & 1Pplat 1PIP &.%ﬂnchmgcd Pplat ‘
= ' pabeg A Losrd
=) R
)
]
#
=
=
D
.
»
)

v
lung issues __-ai 'yissnes L .
abdominal distention/ ascites iration lite  conplow?
bronchospasm NI 4{ wwrow'
(’O{J (p{ R

atelectasis
AutoPEEP ETT occlusion
chest wall burn secretions
pneumonia
pneumothorax
pulmonary contusion
pulmonary edema

]
are in

oPEEP/ do an expiratory hold; if they
]ar machine)

182 We talked about these situations in Plateau Pressure
183 For example, if a patient is triggering lots of breaths, we may not be ?bl(? to get an Aut
ble to do an inspiratory hold (due to limitations of a particu

PC ventilation, we may not be a spiral
5018 — The left bit of this chart is similar to on¢ he puts forth

184 | odeserto.
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ETT - endowracheal wbe: FiO; — fraction of mspired oxy een: I-time mspiratory tme; MY mimute volume: On
| 1 \ s
Pa0; - parual pressure of arternial oy gen P, — mean wrway pressure; PEEP - positive end-expiratory pre

PIP - peak inspiraton pressure: Ppls Vit s , : v TV = ndal

t pressure: Pplat - plateau pressure; RR -~ respiratory rate: SpOs pulse onmmetry
VTe - exhaled udal volume: WTE - what the |

And then let’s look at potential solutions for each of these cases:'®

\ lung issues [ 00 diar o elrgide hed o} o
\ N abdominal distention/ ascites »| consider-positioning-
( atelectasis *| recruit some alveoli (via PEEP and/or recruitment maneuvers)
N} J \ AutoPEEP *| increase I:E ratio, trial VC, maybe adjust PEEP, disconnect circuit
0 chest wall bum ——————*{ escharotomy
& pneumonia utilize PEEP to displace fluid
pneumothorax * remove from vent; needle decompression, chest tube, or finger thoracotomy
\ (rﬂ pulmonary contusion * consider ALVARDS strategy
A \ ¢ pulmonary cdema * utilize PEEP to displace fluid
) \’ Al
(
- 3 \ @(L‘ airway Issues
%\}\\ i aspiration »| suction (prevent further aspiration), consider ALI/ARDS strategy
’ r bronchospasm » fix with drugs, implement obstruction strategy
e ‘:’\.\-‘L ETT occlusion »| address comfort (biting), swap tube (something stuck)
g el secretions »| suction
Inzé\(\j ventilation when we may not have access to PIP or Pplat to identify these trends, there are other
parameters we can look at. Most obvious is VTe — as compliance decreases, VTe will drop (and vice versa

oNVe

\'llu 1Y

In the case of airway obstruction, often times we won’t notice initially because the machine essentially
accommodates for this increased airway resistance by using less flow initially:

normal airway obstruction
+ +
3 : I\
< | time > < | time > \
result is less TV
(represented by area
under the curve)
o +
[3)
8 =4
2 [ time > ?‘ time <

). 186

185 Briogs & Freese. 2018 — There are also lots of weird cases out there to explain things that can happen, the chart above should not

be assumed to be an exhaustive list of causes or fixes; as an example, this referenced article from JEMS outlines a case of high airway

pressures related to an ETT positioned with the bevel up against the wall of the trachea - the fix here was simply to rotate the tube 90

degrees

186 A5 we mentioned in Compliance (and Resistance)
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Since we don’t typically monitor waveforms with transport ventilators, an airway obstruction may not
get noticed in PC ventilation until it is severe enough to impact MVe.'®” The best way to catch these sort Qf
things before they have an impact on patient outcome is by setting alarms appropriately so that we are notified
right away as things change (see following section).

Alarms'88

Next on our list of things to discuss are alarms. We won’t talk about all the alarms that our machines
might have, but we will talk about a few of the important ones. Wecan break alarms down in to two general
categories: ones that are default on the machine and ones th /_\ir set/ Those default ones may be different
between machines, but deliver similar messages like, “hej}r Eﬁ'}?our circuit got disconnected” and “oh snap, we
ran out of 02.” Those ones can be referenced and learned abpht in the manual for whatever machine we happen
to be using. The other ones, the ones that we set, are the oné’s we’ll focus on here.

One important alarm we set on the machine is the high-pressure alarm (which goes off when our high-
pressure limit is reached). The reason this alarm is so important is because if it gets triggered, the inspiration
cycles off (in most vents). tmeans that if we have a situation where we repeatedly trilgger a high-pressure
alarm, we may end up with’a MV that bottoms out and a patient that quickly-deteriorates! Imagine we place a
patient on the v, has either an untreated airway ol;trui:lion or poor compliance®™ > if we try to ventilate
this patient i’ V(/and at normal settings, every bregththat goes might trigger the high-pressure alarm and get
terminated early with a net result of almost no MV- The reason this safeguard exists, in spite of this risk, is
because we cqlild for sure cause a lot of damage if we accidentally give too much pressure.

Moral of the story here: if we are in VC ventilation and have a concern for increased airway pressures,
we should consider going up on the high-pressure limit before putting the patient on the machine in order to
avoid dropping our MV. On the flip side, in PC we need to vigilantly monitor MVe (and also VTe) to avoid the
same issue (of decreased MV). Which leads jfis the next most important alarm we can set: low minute volume.
We set this limit at a reasonable value below our MV goal so that if things get/\(e’i:fa’ and MV starts to drop, we
get notified right away before our patient suffers. In this way we utilize the high pressure and low MV alarms
to simultaneously ensure both safety and adequate ventilation for our patients. /P

\\;}\‘U {3/}@"5
M

187 We can also (again, this is in PC) look at flow as calculated and delivered automatically by the vent — higher flows mean less
{emst_ancef so even if WEH C ’_t know ranges pr normal values we cé;z\j[ill use this concept to trend changes

B D1scla1mei: about this segtion: there isn’tmuch out there in the wniverse to provide guidance on how we should set these alarms:
there are studies { at h_ave collected data on alarm settin in-patient units, but we don’t feel it would be appropriate lc:
apply those to the transpoft setting; given tHat we move these patients one at a time with one or two well=trairred providers (versus an
ICU full of vented patientsand lots of alarms at once!) we should arguably always have eyes on the machine and it makes sense 1o use

?l!l‘}mh n.ghter limits for alarms ﬂ?al_m we might see in the hospital setting; that said, this is just one opinion on the whole thing...
Again, as we talked about this in C ompliance (and Resistance)
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minute volume: Oz — oayaen

ETT - endotracheal wbe: FiO; — traction of mspired onveen: I-time — ispiratory (ime: A1AY -
PaQ: - partial pressure of artenal nyveen: Py mean ainvay pressure PELP - positne ¢ d=cxprratory pres :H“I. "
PIP - peak inspiratory pressure; Pplat - plateau pressure: RR - respiratory rate: SpOy pulse oximetry. 'V - tidal volume:
VTe - exhaled udal volume; WTF - what the |

As far as setting the high-pressure and low MV alarms, that is a bit dependent on our margin of saf.et)f
and when we want to be notified of changes in the system. As a general rule of thumb, the high pressurc limit
should be no more than 10cmH,O above our PIP. If, however, our PIP is already high of normal, consider
setting the high pressure alarm SemH:0 over that value or at our upper limit of 35cmHO:

..................... high pressure
} 5-10cmH,0 above PIP

(or set at 35cmH,0)

time =2

- pressure +

In the event of one of those situations which may lead to repeated triggering of the high pressure alarm
and sudden drop in MV, increase the high-pressure limit (even beyond 35¢cmH>0 if need be) to maintain MV.
Note that this would be a short-term fix and we should start to consider other strategies right away: trial PC,
consider pharmacological and procedural interventions, etc.

As for the low MV alarm: set that within 25% of the MV goal that we calculated when we first started
into this process of getting the patient on the vent.'” If we have a patient breathing in excess of that goal and
we want to know if that changes, we just set the low MV goal 25% below what they are currently at. In any
case, the low MV alarm is just a catch to alert us when we’ve missed a change. Typically we will be on top of
these trends and notice things before the alarm even gets gounded, but sometimes we get distracted by other
interventions and this backup system can keep us noti ‘

1% And this 25%

figure is an arbitra i i ) . X .
of thing gur ry number that we feel is appropriate, there aren’t too many specific reccommendations for this type
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Other alarms that we can set to help us better keep track of what’s going on with the vent and our patient
are lpw peak-pressure, low frequency, high frequen}:y, and low PEEP. Low peak-pressure alerts us when the
PIP Is lower than we would expect; this could indi a cuff leak, increase in patient’s respiratory effort (i.e.
negative pressure produced with patient effort).™ Jof a loose connection (an actual disconnection would
probably trigger a disconnect alarm, one of thos¢ 1 on-adjustable alarms consistent across machines, as the
pressure would drop much more significantly). Low frequency can let us know if the patient’s RR starts to
flecrease — this is good if the patient is consistently breathing above a set RR and we want to be aware if that
intrinsic effort changes. And reasonably enough, the high frequency alarm advises us when the patient starts to
breath faster or if some mishap is causing the machine to think that (s)he is.'? Lastly, low PEEP lets us know if
the end expiratory pressure drops below our set PEEP — this could indicate a leak, cuff deflation, or even an
uncuffed tube (with pediatrics) that is too small.

That’s just a quick, short overview of alarms; recognize that the most important ones are high pressure
and low MV, but that there are a number that can help us be aware of changes in the system as we work through
a transport. Because there is so much variation between machines, the best way to get familiar with the alarms
we will be working with is to read the manual that comes with the machine. Super fun reading, but it’s good
information and can help us fine tune the feedback from the vent so that we can better monitor what’s going
with the patient.

And we’ll end with a graphic to show how some of these alarms would be represented on that pressure
over time waveform in VC ventilation:

high pressure
} 5-10cmH20 above PIP

5-10cmH20 below PIP
mmmmmfmmmmee ke low peak pressure

2-3cmH20 below PEEP
---------------------- low PEEP

time <>

- pressure +

\ l»-'f
d e

1% Weingart, 2019 - In addition to discussing fzr of the most significant vent alarms, this podcast proposes the idea that vent alarms
ought to be addressed in the same way as a “code blue” in the hospital setting

192 Which we call ;u@@ will discuss again shortly in Triggers
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PaQ; - partial pressure of arterial oxygen: Py — mean ainsay pressuie PEEDP - posit

PIP - peak inspiratony pressure: Pplat - platean pressune: RR - respiratony rate; SpO: pulse
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Titrating Up on TV? ) ,f-r\\,,‘.\\‘ P
f \II Pa

Up to this point we’ve recommended considering Vf‘/ Bove that 6-8ml/kg range in just a few
circumstances: to increase MV (in the Ventilation section)/éh airway Obstruction, and as part of the
vaotensionbstrategy. We also said that we want to limit our Pplat to a safe level <30cmH20 whenever
possible, which includes when we decide to go up on TV.!” The idea here is that more TV is OK, but only to a
certain limit. And the best tool we have to establish that safe limit in the transport settings is Pplat, so that’s
what we use. All that said, it is worth discussing this idea further to see what we know about increasing TV and
some of the intricacies of the whole idea.
= One underlaying idea here is that TV is a component of Pay and that this is a determinant of

K- ygenation.'® This means that it might make sense to go up on TV as much as we can (and within safe limits)

&4 to maximize oxygenation.'” Increasing TV could also allow us to go down on RR (to keep MV constant).

\ While this could take away fro y P.u, it could help in other ways (i.e. by decreasing that %TaDP value we made
up in the section on.H\-pofean:n).'% Now regardless of motive, this strategy of increasing TV is a bit at odds
with the lower TV, “lung protective” approach pioneered by the ARDSNet studies.'”” That said, those studies
looked at TVs of 6éml/kg versus 12ml/kg, so there may be some middle ground we just don’t know much
about.'%

In light of this conversation, let’s just say that we want to go up on TV for whatever reason. We’ve
already said that our upper limit for Pplat is 30cmH-0, so that’s one limiting factor in the game. Another
concept here is that we’d prefer to make changes slowly; rather than jumping from 6ml/kg to 10ml/kg (or
whatever other arbitrary amount), we get there in a stepwise fashion in small increments.' And lastly, we can
utilize compliance to help guide us towards our goal.z}’g

193 Way back in the section on Plateau Pressure
194 Lodeserto. 2018 — We cited this once already in Mean Airway Pressure
195 That said, we typically use TV to effect change in ventilation instead of oxygenation (as we outlined in Three Big Things), but
know that these things are interrelated and TV can actually impact both
1% And while this normally won’t happen, it could possibly in the case where compliance is awesome at a low TV and awful at a
higher TV — we explore this idea more in the Appendix
1%7 Wright, 2014 — And that “lung protective” strategy also includes limiting Pplat, utilizing PEEP to maintain recruitment, and
limiting FiO; (in addition to lower TVs) '
:: Burrell. 2018 - This summary of a paper investigating this idea concludes that more data on this question is needed

Felix & friends. 2019 - In a study on rats, these guys investigated this idea and determined that some of the harmful effects of high
TVs can be mitigated by small and incremental changes; while this may or may not occur by exactly the same mechanism in humans
it seems likely that a similar approach would be warranted ,
2% We discussed this term previously in Compliance (and Resistance
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In VC we could increase TV until we notice a spike in Pplat or a decrease in compliance; in PC we

o

before the previous adjustment. To map it all out with steps in the

b © pressure control until we see a decrease in compliance’or no increase in VTe after the adjustment.
nee wehit either of these limits, we then titrate back the last increase (of TV or PC) to where things were just

chart representing reassessment during

transport:
volume control example
step# | TV | Pplat | compliance action
(ml) | (emH;0) | (ml/cmH,0)
1 500 15 50 increase TV
2 525 16 48 increase TV
3 550 16 50 increase TV
4 575 21 36 decrease TV
5 550 16 50 no change, monitor
6 550 14 61 increase TV

Note that even though Pplat doesn’t get up to our previously established limit of 30cmH20, we
recognize th_al an increase beyond a TV, 550 (line 4) gave us a spike in Pplat and drop in compliance, therefore
we may titrate back a smidge and wait for the lungs to fill more before moving back up (line 6).

|

[§

?\;_..} \! i |

1/

pressure control example

/ step #

PC VTe | compliance action
(cmH;0) | (ml) | (m/emH;0)

1 10 500 50 increase PC

2 11 550 50 increase PC

3 12 550 46 increase PC (or stay)
4 13 550 42 decrease PC

5 12 550 46 no change, monitor
6 12 600 50 increase PC

VTe and compliance will likely vary from breath to breath and therefore it isn’t quite as easy to
recognize these trends in real time, but the general idea hold true. Also, this whole concept can be considered
as an icing-on-the-cake sort of thing — we may not get to this point in our vent management and that’s just fine.

And to summarize: while increasing TV within safe limits for all patients may or may not be the best
strategy, if we do decide to go that route we can use Pplat and compliance to guide progress and we ought to ‘
make changes in small increments. We will talk later on about another concept called Driving Pressure — this
may be another one of the limiting factors in how much we decide to go up on TV, but we’ll hold off on that for

now.
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Acute Deterioration
le on the vent. Let’s

the patient begins to decompensate whi
n of the

The next thing to chat about is what to do if ’
f the major causes of acute deterioratio

start with a common memory tool to address some 0
mechanically ventilated patient:

the DOPE mnemonic

issue action

displaced tube confirm tube placement
obstruction suction, check for kinked ETT, consider bronchospasm
pneumothorax remove patient from vent; decompress, chest tube, or finger thoracotomy

equipment failure check all connections

=|vOw

re also some variations of this guy, so we may see it out there with an “S” at the end for stacking
(i.e. AutoPEEP),®®' an “R” at the end for rigidity of the chest wall (a rare complication of Fentanyl
administration),2" or even with the “P” to represent pain and/ or{AutofPEEP. 2 It is also sometimes
accompanied by another mnemonic called DOTTS which outlines actions that can be taken to fix issues

identified by DOPE. Now DOTTS includes a step where we bag the patient with a BVM and we’ve crossed
that step out — we don’t recommend routinely taking someone off the vent unless we have good reason to and

we’ll get back to this idea in just a little bit. But just so we can see it in its true representation, here it is:

the DOTTS mnemonic
action explanation

D | disconnect the vent circuit | to fix AutoPEEP or decreased preload (i.e. pneumothorax or hypotension)

0O | 0;-100%via BVM i i isten;

T | tube position or function includes assessing placement and suctioning

T | tweak vent consider decreasing B&Ilo\d;um.e (i.e. with AutoPEEP or hypotension)

S | sonography consider ultrasound to identify isstes (if we have it) N
/-7_.—77 — o

The DOPE mnemo iclzc,"‘}('{Vith or without DOTTS) is easy to remember and can be used to guide the
initial troubleshogti process when the patient starts to tank due to some unknown. Many of these occurrences
can be tied to larshs or other assessment parameters, but that depends on which type of machine we are
working on and what/ools-we have available. For example, a tube displaced too deep will give a high pressure
alarm (and eventually a low MV alarm) and a tube displaced out of the airway will likely result }'n 3 w
pressure alarm. In regard to other assessments: a tube displaced too deep will lead to a high Pa‘J,,tlov\sj\' Te
patient discomfort, etc. and a tube displaced out of the airway causes a low Pay, drafp in EtCO; wit chang:e in
waveform, hypoxia, etc. y O i — Q - -l
0,‘;-—\(/1 S %
zz; Rezaie, 2018 — Also gives on overview of the DOTTS idea discussed below

Thomas & Abraham, 2018 — While not all that common, it may be worth keeping in mind

zﬂ: Wright, 20’!4 — A great read in general, but specific to this cause he’s got a nice DOPE graphic that he got from another
Weingart, 2011 — For some useless trivia on where this mnemonic came from, take a look here S
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\BC - airway, breathing. crrculations ALL - acute lung muny: ARDS - acute respiratony distress syndrome: BLS - basic Tile support
BVM  bag valve mask: DOPE - displaced tube. obstruction, preumothorax. equipment failure
DOTTS  disconnect the vent circuil, O 1o0% v ia 13\ M. tabe position or Tunction, tweak vent sanography

EMS - emergency medical senvices: EtCO; - end-tidal carbon dioxide

Because there are so many things to consider, building an algorithm to troubleshoot each possibility gets
a bit difficult. We’ll go ahead and do it anyways, we just need to consider a few more things in preparation.
First of all is that acute deterioration of the vented patient doesn’t always mean \that there is an issue with the
vent — it could be some other issue beyond the vent (i.e. ETT displaced oﬁ’pathoirhysiologic process). Ifit’s a
vent thing, then we mess around with the vent; but if it’s another issue, our intérventions should focus on drugs
and procedures and that sort of thing. Think of it this way:

7
Ilhjch kind of issue do we havc?—| e '
/
| 7]
L vent issue —l l uquipm‘em issue I | Wéhb)physiology issue I
I\/

|_ do v:n: things ] Ldo equipment things _I L do other things _|

_ Now the reality is that it isn’t always so cut and dry. There are times where we do both vents things and
other things simultaneously. An example of this would be a patient already on the vent w o'éxperiences an
allergic reaction to something — in this case we could simultaneously proceed with an obstruétion vent strategy
and give drugs to fix the problem. So while our little algorithm may be too simple, it‘og‘te’h helps totake a
moment to think about which sort of problem we have on hand and act accordingly.

= In light of the fact that there are so many variables involved, here’s the stepwise approach we suggest

| _ for troubleshooting a-erumping patient who-is on the vent. This approach takes advantage of feedback that we

may have available to us from ventdlarms and assessment paramqm}’/\ 3
r ‘ e \AL"" / . )
L Leo\r 3’\""1 ko % / d Theas ple
. ’\ p acute deterioratior: y f é(/ f_/ \L i 5
l /'f /(’f ./'f{ Yl ¢ GOy
| stant with the basics: ABCs | \[m‘; -

3

Y ] L use alarms to guide treatment —I

\\\(’ L address l.thh‘roeBig Thingﬂ

4

L address airway pressures —I
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T - endotracheal tibe; FiOs - fraction of msprired oxyzen: I-time — inspiratory time: MV - minute volume: O = oy een

), x . F—
Pa0: - partial pressure of arteral oxygen: Py - mean aimvay pressure: PEEP - positive end-expiratory pressure

Np
AT " - . . Vi
PIP — peak mspiraton pressure: Pplat - platcau pressure: RR respiratory rate; SpO; pulse onimetry: TV = ndal volume,

VTe - exhaled ndal volume: WTF - what the
And in fact, one could argue that “use alarms to guide treatment” may even be a quicker solve than

starting with the ABCs. While we recognize that this is blasphemy in the world of EMS and transport

medicine, here’s how that might look:
acute deterioration: @dol?

l

L use alarms to guide treatment I

k.

L then move on to the ABCs |

| consider the Three Big Things ]

A

L address airway pressures l

By working through each of these steps systematically, we hit all of the DOPE things and identify where
in the system the issue lies (vent, equipment, physiology). Now it gets a bit more complicated when we add in
specifics for each step along the way, but remember that the basic idea is a simple set of four steps:

acute deterioration; dot? i the tube good and clear? |-+ suction, fix kinks, airway management starting with BLS things and a BVM if airway was lost

equal chest rise and fall? —{-+| if ETT depth changed, pull back tube; if ETT depth the same, confirm pncumothorax & address
is perfusion adequate? —1-+ stop a bleed, fluids (unless contraindicated), vasopressors, hypotensive vent strategy
| start with the basics: ABCs
high-pressure ETT too deep ——+| pull tube back
ETT kinked unkink it (or if due to biting, treat comfort with analgesia and sedation)
p horax remove from vent; needle decompression, chest tube, or finger thoracotomy
I use alarms to guide treatment }—L, comfort sedation and analgesia
lung or airway Issue —{*| (see next graphic)
AutoPEEP treat comfort, remove accidental triggers, increase sensilivity, disconnect circuit
to resct AutoPEEP to zero, increase high pressure limit to avoid drop in MV
I e Big Things |_ rese zero, e high pi voi pin
in d RR treat comfort, remove accidental triggers, increase sensilivity
address airway pressures low peak-pressure ETT displaced 2irway manag starting with BLS things and a BVM
I L |_ deflated cuff inflate cuff or replace ETT

disconnected circuit —+{ re-connect circuit

circuit dis ] casy gh, just fix the issue(s) listed
low O, pressure, elc.

oxygenation Sp0; (and Pa0;) FiOy, PEEP, I-time
> venlilation MYV and EtCO, via TV and/or RR
comfort use a score consider both analgesia and sedation
d ETT displaced airway management starting with BLS things and a BVM
deflated cuff re-inflate cuff or replace ETT
disconnected circuil —+| re-connect circuit
L AutoPEEP d d treat comfort, remove accidental triggers, increase sensitivity, disconnect circuit

to reset AuloPEEP to zero, increase high pressure limit to aveid drop in MV

{PIP & tPplat lung issues

1PIP & same Pplat 1 airway issues

;
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\BC L
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breathin oo arculavon: ALL - acute lune miury, ARDS - acute respiraton distress syndrome: BLS - basic hle support

BVM  bag valve mask: DOPE - displaced tube, obstruction, pneumothora., cquipment failure:
DOTTS  disconnect the vent crreunt, O - BAM, wbe position or function, tweak vent, sonography
EMS - emergency medical senvices: EtCOz - end-tidal carbon dioxide

_ There’s no way to accommodate all possibilities in a single algorithm without getting too crazy on the
details, but that’s the basic idea. But before moving on, just a few things to note. First is that a low MV alarm
may_also accompany acute deterioration, but it will likely be tied to either a high-pressure alarm (with breaths
C.Wfllﬂg_ Off' due to that alarm getting triggered) or some kind of disconnect (which would likely be indicated by
a circuit dl.sconnect or low peak-pressure alarm). We also didn’t include a low frequency or low PEEP alarm
anywhere in this flowchart, as those probably aren’t tied te-an acute deterioration unless accompanied by one of
t?lese other trump cards. And then we already showed this before (and recognize that not all of these are acute
life threats), but just to clarify again the different lung and airway issues we might come across:

e —
lung issues
abdominal distention/ ascites »| consider positioning
atelectasis *| recruit some alveoli (via PEEP and/or recruitment mancuvers)
AutoPEEP increase [:E ratio, trial VC, maybe adjust PEEP, disconnect circuit
chest wall burn * escharotomy
pneumonia utilize PEEP to displace fluid
pneumothorax * remove from vent; needle decompression, chest tube, or finger thoracotomy
pulmonary contusion *>! consider ALI/ARDS strategy
pulmonary edema *| utilize PEEP to displace fluid

airway issues
aspiration —| suction (prevent further aspiration), consider ALIARDS strategy

bronchospasm fix with drugs, implement obstruction strategy
ETT occlusion » address comfort (biting), swap tube (something stuck)
secri \lions »| suction

+

\
N,
\

Now let’s summarize what actions to take in the event of an acutely deteriorating patient on the vent.
While there is a well-known memory tool (the DOPE mnemonic) to guide us through troubleshooting potential
issues, that tool doesn’t consider feedback from the machine (i.e. alarms) and, therefore, we suggest a simple
sequenc 2 of four steps to work through it all: check our ABCs, look at and address any alarms, review the

—
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‘ Three Big\Things, then check pressures. If by then we haven’t figured out our problem, we can consider
b
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taking the pa\bient off the vent and bagging by hand (still not a great strategy though...) or getting out the
ultrasound machine to try and identify an issue (if available).”*’
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X
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205 Mojoli. 2017 — And for those of us who do have ultrasound, here’s a short article that discusses application in mechanical
ventilation
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Other-Things There May-Be-Questions-About

Do Ao
/
Filters are used in mechanical ventilation to prevent infectious gunk from transferring from one spot to

another. In the transport setting we generally use in-line filters that simply fit into the vent .circuit. While there
are a few possible options as to where we place the filter, it is commonly put at the connection between the

machine and the vent circuit (i.e. the inhalation side of the system):

Filters*%

breathing
machine

/3 . . T
The filter placed here essentially keeps bad stuff. ’faéfth’e machm;/ﬁ(;n/éetting to the patient. Which 1s
fine, just recognize that it doesn’t keep bad stuff/ﬁlj‘n}hétp/atiexy,tﬁge ifig to us and our coworkers:

| » ’/
ij..-"’

breathing
machine

)=0

bad
stuff

206 Wilkes. 201 1a & 2011b — He gives the most in-depth discussion of both filters (this section) and humidifiers (next section)
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AP din ng pressure: AL acute lung mury, ARDS - acute respiratony distress syndrome: em-0  centimeters ol watel
CO: - carbon diovide. ERKG - clectrocard ocram: EMS - emergeney medical services, ETT - endotracheal tub

FiQ), : " ;
= Iracton ol mspired oxveen: HME - heat and moisture exchaneer; I-time mspiratory e, LPN - hiers per iminule

. Now we could work around that by placing the filter at the pg}j,ent’s face/ ETT or even on the exhalation
side of things, but the face option will increase mechanical dead spac:?énd the exhalation side option may not
be available with our transport vent. That said, placing a filter near thé ETT may be warranted in certain cases
(tuberculosis, flu, etc.), just know that in addition to the dead space issue it can al ierede the movement of air
(or flow) and that { for this is to increase air movement into the system (i’ VC this will probably happen
automatically, in PC we may have to increase the pressure put into the system) nd watch for adequate
exhalation. But if we have a patient with some type of bad stuff that we don’t want to breath in and neither of
these strategies-is appropriate or possible, be sure to mask up!

o g

Humidifiers20s 209 »n 7 /"{ o 11
Vi ot
_ Humidification of air is important in mechanical ventilation because dry air can cause damage to the

lining of the respiratory tract. No need to get into the details here, just know that absent any contraindications
we ought to try and add some degree of humidification to the air we p[ijsh into the patient’s lungs. We typically
do this in transport by placing a humidification device called an HME (humidification and méisture exchanger)
between the ETT and wye of the vent circuit. Placing the device further up on the inhalati6n side of the circuit -
would not work, as the device functions by trapping moisture (and also heat) from exhaled air and allowing it to

be blown back into the patient’s airways on the subsequent breath:

moisture (and heat) from exhalation “trapped” by the
device and then re-breathed on the next breath

2. inhale and rebreathing
breathing

machine

1. exhale and trapping

207 Discussed in both Dead Space and Appendix .
208 yansev. 2019 — Excellent discussion of the passive style devices used in the transport setting _ . N
209 Gillies & friends. 2017 — This Cochrane Review has determined that HMEs are comparable to actual humidifiers in providing

therapeutic benefit and avoiding primary complications (airway obstruction, pneumonia, mortality ) while they admit that more
research is needed, it’s good to know that HMEs do have demonstrated value

g om "
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{ f y iy Pressure
\...‘\\Lu.\-]“-'l pre

|
ml = mulhhiter: MY = minute volume: Os = oxveen: OR - alnght: PC - pressure control: PEEP -
"p 1 ) ) : arterial oxvgen
PIP - peak inspiratory pressure; POy = partial pressare of oxyzen. Pplat - platcau pressure. Sa0; - saturation &% <7 [ vol
e - E . ded pdal yolume
SpO; - pulse onimetny: TV = tidal volume: VC = volume control V/Q - ventilation’ perfusion Vie - exhaled nd ‘

The HME is often the biggest contributor @%chamical dead space (as outlined in thel_f&\_[ép_t_'l_'_di]_-‘]*),
5 not to wou e sma

but it ought to be'used unless we have good reasonfiot to. F irst (of two) good reason
hanical dead space

\TﬂVg’, such as kiddgs or AL/ARDS patients.?'® In these situations, we want to minimize mec
as'much as possible. Now there are smaller HMEs designed for littles and here’s the basic idea on that: HMEs

are rated to provide humidification for a certain amount of TV, higher value corresponds with more space
needed within the internals of the device and, therefore, more dead space.”!! To make this clear, let’s look at

info from one particular product line:*'"?

(™
. Gibeck® Humid-Vent® HME

CASE

RESISTANCE
QUANTITY

ITEM CODE  DESCRIPTION (MG H20/L) WEIGHT (G}  (CM H20)

10011 Humd-Vent Mini 0, vi=20mL 45 09, 10 lpm

Humid-Venl 1 WEWN=02L 94 03,20 lpr

/"112
ms2 Humid-Vent 1 port aps =020 16 03,200p

R
13312 Hurmid-Vent 2 port

2p Vi=06L 209 08.60p

B wvi=06L 198 08, 60 lpm

14412 Humsd-Vent 25
17T Hurmd-Vent 25 Flex-sterke 28 =06L 264 08 60lpm 20
/ 17732 Humid-Vent 25 Flex—clean 28.\M=06L %4 0.8, 60 lpm 20
we see here that more capacity for
‘ humidification means more dead space

¢

z“’ Hinkson. 2006 — And we'll get back to this idea in the Appendix also
1! Which means we could theoretically use a smaller-sized HME for an adult patient with some low-volume strategy

22 Teleflex, 2019 (images) — Just to be clear, no relationshi ict of i it’s j i
lex. 2 : p or conflict of interest here; it’s just really nice how they lay out 1 th
product info like this for us to talk about © ’ .
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acute resprratory distress syndrome;, emH:Q - centimelers ol water

AP driving pressure; ALL acute lung injurv: ARDS
FTT - endotracheal tube:

CO: - carbon dionide; EKG - clectrocardiogram: EMS cmerceney medical services

FiO: - traction of inspired oxveen: HME -~ heat and moisture exchanger, I-time — mspiratory time: LPNM - Titers per minul

Second good reason not to use an HME would be the concurrent use of nebulized medications.””? We
want those drugs going into the patient, not getting absorbed by the HME. While we could theoretically place
the in-line nebulizer between the ETT and the HME, that could also result in decreased medication
administration unless we also added in a spacer. But then we’d have a huge amount of dead space and we
already established that we want to cut down on that whenever possible. Also, the need for an HME is less with
a nebulized medication because we are actively pushing moisture into the airways along with whatever
medication is being given. One last time: no HMEs with nebulized medications. Don’t try to rig it up to make
it happen, as this will cause more problems. It is, however, OK to remove the HME for administration of a
nebulized drug and then reattach it as soon as that is done. )

One other situation in which we ought to exercise concern with an HME would be increased secretions,
as the HME can get clogged up to the point where it impedes air flow. This isn’t a situation in which we never
use an HME, rather it’s one of those cases where we need to be aware of potential problems. Increases in P I_P n
VC or decreases in VTe in PC would likely be our first indication of an airflow problem of this sort.2"* If tl‘.lls
happens and we are worried about an HME getting clogged up, we can either remove the device or replace it

with a fresh one. ‘ )
Very last thing about HMEs before moving on: while all HMEs provide some filtration of exhaled air,

certain devices may even be classified as both filters and HMEs. This could potentially mitigate the escape of
infectious material from the patient into the ambient air via the exhalation side of the vent circuit as we drew out

in the last section.

—

213 And see the very next section for a discussion of In-line Nebulization X H\\ "
214 Since we don’t routinely monitor flow in the transport setting Vv p , /L TU v e
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Kykerr Medical’s Vent Management Guide
ml - muilliliter: MY

minute volume: Ny o
. ! w0 0, — ween: OK alrieht: PC pressure control: PEEP POSIIAG ..IIL\-(\]']L:L. Yy Pressure
peak mspiraton pressure; POs - parial A - ‘
» TR partial pressure of oxyaen: Pplat - plateau pressure Sa0; = saturation of arterral oxy gen,
SpO: - pulse onimetn - T tdal volume: Ve | | ‘ .
A ; e volume control V/Q —venulation perfuston: VTe - exhaled udal volume

In-line Nebulization

Just to demonstrate a few things about wh
system looks when we nebulize a medication th
varation between models, this isj

y we do nebs the way we do, let’s look at a setup of how the
rough the vent circuit. Recognize that there may be some

important stuff:2!5
nebulizer cup goes on the oxygen supply to neb cup can either be from
inhalation side of circuit the machine or another source
(and the other source option is probably casier 10 set up)
spacer fills with medication

during exhalation, allows for

more effective dclch\ i

breathing
machine

—

if we put the neb cup here then lots of the medication \ HME gets taken out so that it doesn’t
will get lost to the exhalation side of the system; trap all the medication/ prevent delivery
if we put the neb cup plus the spacer here, we increase
mechanical dead space by the volume of the spacer

That should be clear enough, but just to expand on a few points: we may need adapters and extra vent
tubing to make this work, so we should plan ahead and have that stuff available in pre-built kits. The spacer is
important, as medication will be lost to the exhalation side of the circuit if it isn’t thefe. Some machines
recommend specific changes to settings to facilitate this process, read up on that/apd” or have a chat with the
manufacturer’s rep for details about a particular machine. J

215 Dhand. 2017 — And for more info on placement of the nebulizer and bias flow (which we don’t get into here) as it relates to this,
take a read of this article

O 0 0]

5

4
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Al drving pressure: Al I - acuwe June Miun - ARDS - Geute respiratony distress ssndrome: emIhLO - centimeters of water

O, carbon dionide: F [N \_"\.\“"n\lldlu__k".un NS emergency medical sen ices: ETT endotracheal tube
FiO: - fraction o Isprred oy een; MG heat and moisture aschanger: I-time Isprratons tmes LPM - liters per minute

Driving Pressure2!6

AP =Pplat—PEEP .~

With our ALI/ARDS patients, we try to limit driving pressure as much as we can to a max of
15¢cmH>0.2"® Whick is generally pretty reasonable, given that we use high PEEPs and low TV;‘m these patients
anyways. And in the event that driving pressure is close to or above that upper limit, we can’do Recruitment
Maneuvers to try and utilize more lung, increase compliance, and drop driving pressure. This approach may
sound familiar and is often referred to as “open lung” ventilation.”'® The basic idea is that we keep the lungs as
filled as possible (i.e. alveoli inflated) throughout as much of the respiratory cycle as we can. Again, this
concept of limiting driving pressure and an “open lung” strategy are specific to the ALI/ARDS population.

With that said, there may be a case for a comparable strategy in. other patj&t groups, there just hasn’t
been much research on that to date. The one downside of this limit¢d-driving /feésurek “open lung” approach is
that it can be tough to blow off CO; as much as we’d wantX We said way back when that permissive
hypercapnia is often a thing with ALI/ARDS, but that may not be the case with other patient groups. Another
consideration here is PEEF — it is hot a benign thing and we for sure need to consider all of the negative
consequences of this approach before applyi/gﬁ to all patients. For now we have pretty good evidence that

n
limiting driving pressure and utilj ing high PEEP is a good thing in the AL/ARDS population, but such a

strategy may not be best for everyone. /
f{ \ GV tolfefor 4
e o it

1% Bugedo & friends, 2017 — Succinct overview of the concept of driving pressure and research done to date (as of a few years ago, at
least!)

217 Grune & friends. 2019 - While this is commonly accepted idea and we will assume it to be valid in our discussion, know that there
is ongoing research on all of this (as shown in this article)

218 Weingart, 2016a; Bauer. 2016b — Both podcasts look at a 2015 study on the subject

219 Nickson. 2019b — Concise overview of the idea with many more resources cited
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ml - milhilhiter: M

minute volume: Oy - oxygen; OK - alricht PC - pressure control: PEEP = positive end-cxpiralory pressur
N p = R )
PIP - peak 1 sprraton pressure: POs - partial pressure of oxyeen; Pplat - plateau pressure: Sa0s — saturation ol arterial oxygen
N v - , me i | : | " .
PO = pulse oximetry: TV - tidal volume VC = volume control; V/Q - ventilation' perfusion. Ve = exhaled tdal volume

Recruitment Maneuvers22°

. A recruitment maneuver is a component of the “open lung” strategy that seeks to get more alveoli
involved in the ventilation process. ‘During ventilation, and even in the healthy lung, there are portions of the
lung that are open or panicipa}ory andothers that are closed down or non-participatory (or maybe just less-than-

optimally-participatory), mMMwe can'do things to gain access to those clamped-down alveoli to improve
both ventilation and oxygenation:

ideal lung with
all of them
open and

participating

fully

these guys, not
so much...

In a general sense, lots of things could qualify as recruitme; gi@ﬂhmvers: prolonged inspiratory holds,
higher PEEP, high frequency oscillation ventilation,”' prone pesitioning, spontaneous breathing, etc. Basically
anything that can help open those non-participatory alveoli falls’into this category. Now in the transport setting
(and, in fact, for most vent people), we tend to consider recruitment maneuvers to be either the prolonged

inspiratory hold or the stepwise approach, so we will stick with those two ideas moving forward.??
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220

Ragaller & Richter, 2010; Naik & friends. 2015 The first is an overview of ALVARDS management with one section on the idea
of recruitment; the second is an article that also discusses recruitment, but particularly the idea that breaths of various sizes (whether
intentional via vent management or spontaneous via patient effort) further contribute to recruitment

2! Prost. 2011 - This is the only mention we have of this mode, as it isn’t routinely available in transport; the referenced video is an
overview of it

#2 Hartland & friends. 2015 — This paper both discusses this idea and describes the use of recruitment maneuvers in non-ARDS
patients under anesthesia

—.
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»
AP divine pressures AL - acute lung myury s ARDS - acute respiratory distress syndrome: em11:0 - centimeters of wale
4 - ko 1 .
CO: - carbon diovide: EKG clectrocardiogram: EMS - emergency medical services: ETT - endotracheal tabe
10 — Beastioi atinenica (ot :
FiO: - fraction ol inspired oxveen: HME - heat and moisture exchanger: I-time — mspiratory time. LPM - liters per nnmntite

We posed a hypothetical situation at some point earlier on in this manual about why we don’t just blow
up tl?e lungs and alveoli with O; and let it sit like that for a while; we said then that we still have to consider the
ventilation side of things, but the idea itself does have some merit. That said, the value of a recruitment
maneuver (again, this is as a prolonged inspiratory hold) is more in the ability to keep alveoli open than in the
fnﬂow of Oz for a sustained amount of time, as the amount of O; in that air quickly begins to drop as O2 diffuses
into the bloodstream and we don’t replenish the supply: ¥

inhale hold etc...
ﬂ

time =

A recruitment maneuver in this sense can be used to gain recruitment in any patient group, but has been
most studied with ARDS patients. And while it has been shown to increase oxygenation, outcomes in terms of
mortality and days on the vent seems to be unaffected or even worse.””® To further complicate things: when we
do try and get into the weeds as to how we should perform a recruitment maneuver, techniques vary
significantly and there are potential adverse effects. So here’s where we stand on this: more data is clearly
needed, but there is low quality evidence that some benefit exists from performing recruitment maneuvers in
ARDS patients; particularly as part of an overall “open lung” strategy.”* Translating that to the non-ARDS
patients who are simply hypoxic is a bit tough, as there isn’t much data out there and we can often fix the issue
by way of thigs we’ve already talked about (FiO2, PEEP, and I-time) and ensuring adequate perfusion. k

N
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23 yan der Zee & Gommers. 2019 —‘Describes lots of the research that has gone into understanding this whole concept
224 |{odgson & friends. 2016 — Cochrane Review that gives way more detail on this
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ml = milhhiter: MY - minute volume: Oy - ovveen: Ok alneht: P pressure control: PEEP = positinve ¢ d-CAPIFATOTY Pressur
partial pressure of oxyeen: Pplat - plateau pressure Sa(): = saturation ol arteral oxveen

“ . . F : Y (o linc] vl
pulse oximetn TY - udal volume: VC - volume control: \ Q - venulation perfusion: Ve = exhaled dal volume
Goelhe,

Pip Peak mspiratony pressure: POs
\I]():

/p/

But let’s say we do want to do a recruitment maneuver anyways. Maybe we are/st{ugglmg to oxygenate
a patient, or we.forgot to clamp the ETT on transfer of an ARDS patient to our vent, or we want to try for better
Compliance andfor’ decreased Driving Pressure, etc. First thing to know is that the/maneuver can cause
hemodynamic problems and we ought to be on the lookout for those to avoid decompensauon Just as we
discussed back when we first got into How is Positive Pressure Different? and PEEP, an increase in
intrathoracic pressure can drop preload and subsequently impact CO. So monitor all the things and have hard
limits in place for abandoning the maneuver.??* Also recognize the risk for causing a tension pneumothorax and
consider that a floppy ETT cuff or uncuffed pediatric tube??® will render the maneuver less effective.’ ‘

The simplest way to do a recruitment maneuver is the prolonged inspiratory hold option that we /’7
mentioned above 27 While this was often taught in the past, it is becoming less common in deference to mor
gentle and stepwnse strategles But to make it happen, here’s how it would work: put our patient in PC, set’P(,
to get a goal Pplat, then perform an inspiratory hold for as long as we think is appropriate. As far as spé &ific on
pressures and time, the data varies widely on that and we can’t make specific recommendations on how that
might look: “Same goes for how often to perform the maneuver — most of the data out there discusses vented
patients in an in-patient setting, so it is difficult to translate that to the transport setting in which we are only
with the patient for a shonarppum of time. 8

We menycmed alreagi& that whenever we put more air into the lungs it seems advantageous to do so
incrementally “Same goes for performing a recruitment maneuver. An alternative to the prolonged inspiratory
hold would be a stepwise approach in which we put a patient in PC and establish a drivi'ng%ure (Pplat
mimus PEEP) that yields our goal TV, then slowly titrate up on PEEP in small steps and over time.”*® There is a
rendition of this approach called the Staircase Recruitment l\é/aneuver that titrates PEEP back down to a
maximally beneficial level as determined by Sa0; monitorifig? — perhaps a modified version with SpO»
monitoring and longer times betweﬂu.ltratrons (to accommodate a potential lag in SpO- readings) would be
appropriate in transport.

, Imany event,/ﬁ e utlllty of recruitment maneuvers is to get more alveoli mvolved/mﬁntl]anon This
1mprove${ compliance f‘?ows us to ventilate to our TV goal with lower driving pressure a.mj works't0 correct
V/Q mismatch across-the lung.?*> While there are risks involved and the data is a bit vague when it comes to
long-term benefits, it seems fair to conclude that if we mitigate those risks by using a stepwise approach and
monitoring for patient decompensation along the way there is likely some use in the transport setting.

2% Claire & friends. 2019 — And for suggestions on these limits and an explanation of the next technique (the stepwise recruitment

maneuver), take a look at this short guide

226 Chambers & friends. 2017 — This study primarily examined how VTe differed from delivered TV with cuffed and uncuffed tubes
27 Metz. 2016a — Video that shows this type of recruitment maneuver

%% And we recognize that the lack of concrete suggestion here might be frustrating, but this is one of those things better answered by
the agency or medical director that we work for...

229 In the section, Titrating Up on TV?

B9 Metz, 2016b — Another video by the same guy as above, this one is a version of the stepwise recruitment maneuver
B! Hess. 2015 — Take a look here for a discussion of this technique and others

2 Hartland & friends, 2015 — We cited this study back when we discussed absorption atelectasis in Oxvgenation; while it looks at a
specific group of patients we don’t ofien encounter in transport (those undergoing abdominal surgery), the ﬁndlngs are consistent with

this conclusion
EEeE ol 2] Ee3E % EISRE
E; 4 s > ¥ 4 b“ N £
m% Bﬁ\ m% [0} (o238

-133-

-,

=\

S 2D &)



;ja
-
=
-
=
=t
b
-
o
=
=
<
=
=
5
“
:
5
:
)
.
:
)

)

)

— - VT TAEL THLDN

)
AP —drving pressure: ALL - acute lung injury: ARDS - acute respiratory distress syndrome; em >0 contimeters ol wiler.

CO: - carbon dionide: EKG electrocardiogram; EMS
heat and moisture exchanger: I-time

emereency medical senvices: ETT - endotracheal tube

mspiratory time: LPM - liters per minule

FiO; - fraction of inspired oxyecn: HMI
Triggers

Triggers are the thresholds by which the machine knows when a patient is trying to breathe on his or her
own. We first tried to communicate this idea via the following graphic:

\/ time 2> | |
! -f,)"z oo

/ s
And then we footnoted the idea that that downward dip in pressure at the star}* A‘h/e waveform is more a

sketch of convenience than an accurate representation of how things normally occur. In most cases the trigger
that makes the machine recognize patient effort is based on flow rather than pressure. While some machines
will allow us to use pressure triggers (normally around -1cmH20), this isn’t commonly used. Pressure triggers

have been shown to be more difficult for patients to overcome (at least with older model ventilators). In
or PEEP - this means that in the event of

addition, the pressure trigger is relative to what we have dialed in fi
233

AutoPEEP thereis an extra threshold that must be overcome:

\ 8 (‘\ 4
i i i \ %\inc-delivered breath

- pressure +

+

- pressure
d
¥
\‘
N
~

effort meets pressure trigger threshold, AutoPEEP develops same effort as before, but this one does
brings pressure below “0cmH,0” not meet the trigger threshold

233 |ess. 2005 — This explains how switching to a pressure trigger may mitigate breath stacking or AutoPEEP
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ml = millilter: MY = minute volume: Qs - oy ven: OK - alneht: PC pressure control, PEEP = positivg end-expimaloty. pressLe

PIP - peak inspiratony pressure; PO, partial pressure of oxveen; Pplat — plateau pressure: Sa0); - saturation of arteral vy gen.
SpO: - pulse oximetry: TV - tidal volume; VC - volume control; V/Q - ventilation’ perfusion: VTe exhaled udal volume

So pressure triggers are a thing as we initially drew it out, but not the most common thing. We
sometimes do use pressure trigge/;s’?n cases of auto-triggering (i.e. when we see too many triggered breaths due
to things other than patient effqr"t,??i"/such as bumpy roads in an ambulance or turbulence in an aircraft), but for
the most part we stick with flow triggers* To measure flow changes against a zero reference (i.c. we assume the
pause between breaths to be a zero-flow state) the machine uses a concept called bias flow. Bias flow is a
baseline flow of air into the system against which changes are measured. So when the machine says there is no
flow going into the system, there is actually some flow going in, but it gets factored out. Let’s draw it out with
an assumed bias flow of 5SLPM just to see how it works:2

vely
assSIVe
- preaing
. S a
[ pgnﬁ‘“ bias flow measured here at the bias flow of SLPM
. V'D wye is the.same SLPM as it X
N At Sf was when it left the machine _. ~
’UI (k "o, -
\ey W
i breathing
machine
<
since no difference exists between flow in by the machine
and flow sensed at the wye, no breath is triggered
rt
n5p‘\r3'~°“ o
some "
?a'&'\m‘ ®
pow ¢ bias flow measured here at the bias flow of SLPM
wye is different than it was X

when it left the machine

breathing
machine

inhalation\ .
1
o= = = -
= -

some of that flow from the machine (bias) gets pulled into the patient
with the effort to breath, resulting in less flow out of the exhalation port

if the difference between flow in by the machine and flow sensed at the
wye is greater than the set threshold, a breath is triggered

4 While we could utilize pressure triggers to mitigate worsening AutoPEEP with increased patient respiratory effort (assuming an
initial flow trigger), we prefer to address the cause of discomfort or meet the patient’s demands rather than ignoring it altogether
2 Yanisev, 2019 — For more information on these triggers, others, and some of the stuff discussed in the rest of this section, take a
look at this article; it also cites the normal value of a flow trigger we mention on the next page .

3
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- Y ters OF walet
CARDS - acute resprratory distress syndrome: emblO - centimeters ¢ |

AP driving pressure: ALL - acute lung injuny
endotracheal tube

CO; - carbon dionide: ERKG - clectrocardiogra
heat and moisture exchanger: I-time

1 EMS - cmergency medical senvices: ETT

spiratory time. LPM - liters per minute

FiO: - fracton ol inspired oxy gen: HME

cause it makes it easier to measure patient effort. It also allows

5.6 The point worth knowing is that a flow
n the case where we have lots of
know our machine

trigger or change

The machine does this bias flow thing be
for things like PEEP and the delivery of nebulized medication
trigger cannot be set to a value greater than the machine’s bias flow. Soi
accidental triggers (i.e. auto-triggering is happening) and our trigger is sct at S5LPM and we
has a bias flow of SLPM, we can do one of two things on the machine: switch to a pressure

(increase) bias flow to accommodate a higher trigger threshold.”” o
And while we are on this point, it is worth discussing things we can do to address auto-triggering other

than manipulating settings on the vent. First is to try and identify what input is causing the triggers. Ifit .is 2
bumpy road or turbulence, perhaps getting the vent circuit off of the floor of the vehicle can alleviate the 1ssue.
If it is one of us crewmembers kicking the circuit, just stop doing that. Sometimes we get down a rabbit hole '
trying to accommodate a situation that can be avoided in the first place by taking a step back and seeing what 1s
going on beyond the machine itself. That said, we should always attempt to identify the cause of triggered
breaths, whether an extrinsic factor, patient discomfort, or simply the patient expressing a need for more MV.

To Let’s summarize triggering: triggers are thresholds we set to allow the machine to know that the patient
wants to také a breath. We most commonly use flow triggers, but some machines allow for pressure triggers as
well. Flow triggers are based on and limited by bias flow; normal bias flow is SLPM, that gives us a range of 1-
SLPM for setting our flow trigger. And for reference, 1-2LPM is commonly used in a hospital setting. Auto-
triggering happens when the trigger is inadvertently met by movement other than patient effort to breath. Fixes
to auto-triggering include mitigating the cause of the inadvertent trigger, increasing the trigger threshold, or

trialing a different type of trigger.

2;: Dhand. 2017 — We cited this article previously in the section on In-line Nebulization
# Tha_t said, dn is unlikely that we would utilize a pressure trigger this high unless we are experiencing some kind of extrinsic auto-
geering and want to prevent breaths from stacking (i.e. severe turbulence or a very rough ambulance ride) -
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FEP - positive end-epiratory pressuie

]
ml - milhhiter; MV - minute volume: Oy - onyeen: OK - alneht; PC - pressure control: | B pressi
V . | al i ation ol arteridl Oy =i,
PIP - peak inspiratony pressure: POs = partial pressure of oy aen: Pplat plateau pressure Sa0), o ~atu AT
- e - l Thus v evhaled bdal volunic
SpO: - pulse oximetny: TV — tdal volume: VC - volume control: V/Q = ventlation: perlusion Ve ¢

Prone Ventilation

Prone ventilation is when we lay our ventilated patient face down on the bed or stretcher. -Argumenls
and evidence in favor of prone ventilation include things like better V/Q match, decreased shunt, improved '
oxygenation, better ventilation, etc.*® That said, prone ventilation isn’t for everyone, studies are shrouded a bit
by bias, and efficacy seems To be related to early implementation, time of application each day (16 hours per
day?), and severity of hypoxemia (i.e. proning has benefit when oxygenation is a major issue).”> When we are
called to transport a pronated patient, there are some logistical limitations to the process. Much of what we d.o
requires access to the patient’s front side and many of the tools we use in medicine are designed with the supine
patient in mind. All that said, it is likely that we will see more of this in years to come so it makes sense to do a
quick survey as to where things are at in regard to prone ventilation in the field.

Prone ventilation has been mostly studied in patients with ARDS. Given that ARDS isn’t something we
commonly diagnose or come across initially on scene runs, it seems likely that most of our prone ventilation
will be done in the context of interfacility transfers. Which is good, because the process of getting someone
pronated with an ETT and vent in place isn’t the fastest thing we could do and managing an airway on an
already pronated presents its own complications. So interfacility transfers of ARDS folks seems to be where we
will most likely be using this technique as critical care transport providers.

We mentioned before in our section on ALI/ARDS that recruitment of alveoli is very important. While
it may be tempting to simply flip a pronated patient over for transport and then let the receiving facility re-
pronate them, this could potentially set progress back/quite a bit, so we want to do what we can to keep our
actions in line with overall clinical course. That saiq‘i ndny treatment guidelines or algorithms for this sort of
thing include cyclical proning on some sort of schedule?”” — it may be worth scheduling these transfers in line
with transport capabilities (i.e. with no ca@iiylm/transport a prone patient, simply wait until it’s supine time
and make it happen then). 4 /

28 Koulouras & friends, 2016; Henderson & friends. 2014 — And for details on any of those concepts, take a look at either of these
articles

2 Bloomfield & friends. 2015 — That said, when proning has been initiated it is likely for good reason and we transport people can
help continue the strategy

G 0]\ cira & friends, 20 I";' - And as one example of that, take a look at this protocol; also goes into detail on how to carry out the
physical maneuver and discusses many of the concemns that could potentially arise along the way
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AP dnving pressure: ALL

acute lung mpun ; ARDS - acule respiratory distress syndrome: embhO - centimeters ol w.le
CO: - carbon dionide EKG - clecrocardiogram: EMS emergency medical services: ETT - endotracheal tube
FiO: -~ fracuon of mspired oxygen: HME  heat and moisture exchanger; I-time — inspiratory time, LPM - liters per minuic

When it comes to the physical process of flipping someone over, there are a number of techniques and
an run the gamut from a RotoProne bed?*! to simply using a flat sheet or slider.?*? Proning can also be
rmed at the time of transfer from one bed or stretcher to another (for example, let’s say we are going from
a hospital that doesn’t do this to one that does — we could facilitate this at either end of the transfer).?** This
means that even if we don’t transport a patient in a prone position in our vehicle, we may still get caught up in
the process at some point.

A few considerations about transporting a pronated patient: access to the airway may be difficult or
impossible, access to the anterior chest wall (for EKGs, assessment of heart and lung sounds, needle
thoracostomy, etc.) will be limited, and stretcher or sled configuration may dictate that the patient be horizontal.
For all of these reasons (and probably a great many others), it may be quite’some time (or eternity...) until

certain programs and crews decide to attempt this, but rest assured that it Has been done already®** and will
likely become more common in years to come.

tools th
perfo

241 Arjo. 2020 — facturer’s content on this product, just for those who are curious about it _ -

%2 ?;ﬁc;lo((irc z’[ah]:l:iur Trauma Network. 20]2; ('rilicil Cardiff, 2017 — Two YouTube videos that demonstrate proning a patient

243 Hospital Direct, 2017 — Another YouTube video that shows the maneuver wht!e moving a patient between sprfatces

24 Boon & Boon. 2018 — These guys have both done it and provide a good overview of the application of proning in the transport
setting, as well as a bit of an overview on the ALIVARDS pathology we already discussed; they also have a video at that same link that
shows a one-person technique for flipping a patient on an EMS stretcher
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ol the abbreviations,

worts that has almost all
ol |hL‘ lest

and smce this sechion s a cheat-shect ol

we'll skip the leoend here and direct readers hack to the rest

A Proposed Protocol/ Flowchart

ts so that we can understand why we

The goal of this learning experience is to know enough about ven !
s that end, it may help to have 2

make changes and how those changes affect our patients. Working toward : ,
framework to work with while managing a patient. We've tried to create an algorithm that covers all we've
talked about up to now, that is generic enough to apply to different machines, and that fits on two opposing
pages so that it can easily be utilized as a reference in the field. It’s here to help folks work towards a hlghe'r
level of competency or to simply take some of the load off of one’s mind when things get busy on scene or if

transport.
The basic idea of the flow is something like this:

r set the machine up j

y

[ address the Three Big Things [+

|7 keep things going J

i
[ fix problems when they come up J
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How to do Vent Stuff

I. Set the Machine Up
L. prep

§ &

i

—

IBWofe, (kg) = (2.3(heigh in inches) - 60) + 50
IBW/,iit, (kg) = (2.3(height in inches) - 60) + 45.5

a. geta report from sending TV = 6-8ml/kg
b. do some arithmetic: IBW, TV, MV |/ MV =100mlkg (IBW) /min
C. assess the patient /) .
d. consider a strategy | uo we hike what we see? l
e. checl_< circuit, attach EtCO; and/ fj-fter, s+ o

consider need for HME and/or sdctjon/ _l

/ / l maich their scllings—l b:m we fix it? |
2. determine ttings ——

a. patie al\'eady on vent (see algorithm, right)

l_ VEs

no '—l

l awesome, do lhat—l

I start over from scratch |

b. from scratch
i i
'furr;l on machine and leave at default age description age (vears) RR | I-time (s)
. mode and control G -D infant .083 (1 month) - 1 [30-53 | 0306
ii. dial in desired TV for 6mltkg toddler = 2371 04-09
(or PC at 10-15cmH20) S e Do
: school-ag¢d child |~ = = e T
111, &
ii. adjust rate L~ big kiddgs / 8§-9 17-25] 0.6-1.2
1. adults: to MV goal preadolesent 10-12 14-23 1 0.7-14
2. kiddas; dsing a reference range adoledoent 1215 12-20 08-17
iv. adjust I-time using a reference range 2dule oo el 2-20108-17

v. leave-all other settings at machine defaults unless one of these considerations applies:
strategy | things to do
obstruction | increase I:E (>1:5) by decreasing RR (and maybe I-time also), then titrate TV (or PC) up to maintain MV as
able; consider less PEEP
hypotension | limit PEEP; increase TV and then decrease RR to maintain MV
acidosis use high end of TV (goal): 8ml/kg IBW; increase RR: pre-intubation rate, to get prior/goal EtCO3, or double
normal value
ALI/ARDS Egher PEEP

3. initiate ventilation (clamp tube if concerned with de-recruitment)

I1. Address the Three Big Things

parameter assessment normal actions
Oxygenation SpO:2 93-99% Low: consider position & suction, increase FiO2, increase PEEP,
(& Pa02) increase [-time, consider pathophysiology/ medications
High: decrease FiO2 unless contraindicated (i.e. pregnancy, anemia,
shock, etc.)
Ventilation EtCO2 35-45mmHg Any abnormal value: consider etiology &/ or patient compensation for
(low end for TBI) | acid-base imbalance (may be best left alone)
Low: consider perfusion status, decrease RR (monitor MV), then
consider decrease in TV
High: increase TV (max 10ml/kg, monitor Pplat), then consider increase
in RR; consider permissive hypercapnia
MV ~ 100ml/kg/min | Low: increase TV and/ or RR; consider permissive hypercapnia
(2x with acidosis) | High: consider patient comfort, decrease TV and/ or RR, consider SIMV
Comfort RASS, at provider analgesia & sedation, consider settings (MV and I-time), also consider
ANVPS discretion accidental triggering _
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I11. Keep Things Going
1. set (and troubleshoot) all alarms
2. consider pressures (every time vitals get reassessed)

parameter normal actions

peak inspiratory pressure (RIP) <35cmH.0 | consider potential causes (lung and airway issues), check Pplat
decrease TV (or PC)

plateau pressure (Pplat) <30cmH,0 consider potential causes (lung issues)
decrease TV (or PC) ]

AutoPEEP none increase [:E (lower RR, shorter I-time) _ )
consider inadvertent triggering, trial VC if in PC, avoid high PEEP
disconnect circuit to allow exhalation

driving pressure (AP) <15¢mH-0 decrease TV or PC _
consider more PEEP and permissive hypercapnia
consider recruitment maneuvers

mean airway pressure (Paw) not applicable | monitor for trends and investigate further

3. make adjustments moving forward

strategy

things to do

general stuff

if oxygenation is all good, go down on FiOz (maybe all the way to 0.40) and reevaluate
consider increasing TV to safe Pplat and acceptable AP

obstruction

use drugs (in-line neb treatment, consider Ketamine for analgesia/ sedation, etc.)
ensure no AutoPEEP develops
if hypercapnia develops and no AutoPEEP noted, consider moving towards normal I.E

hypotension

use caution with PEEP to improve oxygenation
consider fluid and/ or pressors
if perfusion improves, consider working towards normal settings to avoid higher Pplat and AP

acidosis

maintain increased MV goal (minimum 200mVkg/min)
also consider Winter’s Formula to guide treatment

ALI/ARDS

consider titrating TV down to 5Sml/kg, then 4ml/kg to maintain AP <15cmH,0
increase PEEP to maximize oxygenation, consider stepwise approach
consider recruitment maneuver if hypoxia persists

IV. Fix Problems When They Come Up

acute deterioratio :fC“ tg do!? lung Issues _ o
abdominal distention/ ascites * consider positioning
l atelectasis * recruit some alveoli (via PEEP and/or recruitment mancuvers)
/ AutoPEEP increase L:E ratio, trial VC, maybe adjust PEEP, disconnect circuit
Lsurl with the basics: ABCs J chest wall bum escharotomy
pneumonia utilize PEEP to displace fluid
pneumothorax remove from vent; needle decompression, chest tube, or finger thoracotomy
pulmonary contusion consider ALI/ARDS strategy
l use alarms to guide treatment J pulmonary edema *! utilize PEEP to displace fluid
| address the Three Big Things | airway Issues
aspiration suction (prevent further aspiration), consider ALI/ARDS strategy
J' bronchospasm fix with drugs, implement obstruction strategy
: ETT occlusion address comfort (biting), swap tube (something stuck)
L address airway pressures l secretions suction
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Suggestions for Further Study

Just some suggestions based on what kind of medium someone is looking for. This is not an exhau

stive

list, but just some places to start for getting better at the management of vented patients. Also recognize that
f:ach of these references has way more to offer than just the specific content linked — browse them all for more
intel on many of the specifics we’ve discussed in this manual.

audio/ podcast

EmCrit Dominating the Vent Series
Part |, Part 2

o) oPe1o)
FlightbridgeED Vent Series
Part 1, Part 2, Part 3

video, vent specific

Strone Medicine Series on Mechanical Ventilation

video, physiology

Ninja Nerd Science, section on Respiratory

P
Z

Kahn Academy. section on Advanced Respiratory
System Physiology
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text, web-based

Deranced Physiology, section on Respiratory

EypE

RebelEM, Simplifying Mechanical Ventilation
Part 1, Part 2, Part 3, Part 4, Part 5

EAE

O]

o Vi B
S '
i EEERY

text, books to buy

Ventilator Management: A Pre-Hospital Perspective

by Eric Bauer

Vent Hero: Advanced Transport Ventilator
Management by Charles Swearingen
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PCO:  partial pressure ol carbon dioside: PEEP positive end-exprratory pressure: POz = partial pressure '

. . » atien
pressure of water vapor an the alveoli and at sea level; RespQQ - respiratony quotient

Appendix
Alveolar Gas Equation \1:'\ M

The alveolar gas equation allows us to calculate the partial pressure of O; in the alveoli i_n a given s’{:t of
circumstances. We used this equation to get values listed in some of the graphics throughout this manual:

ambient air = 760mmHg r Wy Sy
PO; = 160mmHg _ 5
PCO, =0.3mmHg at the alveoli:
PO, = 100mmHg
PCO, = 40mmHg
— pulmonary capillaries:

PCO, = 45mmHg

because there is an open system between the ambient air and the alveoli,
the overall pressure at the alveoli is also 760mmHg, however the partial
pressures of the components are different along the way

The equation goes like this:2*

PAO2 = FiO2(Patm — Pwater) — (PaCO2/RespQ)

PAO:; is partial pressure of alveolar O
FiO; is fraction of inspired oxygen, 0.21 for ambient air
Paum is atmospheric pressure
Puwaier is partial pressure of water vapor at the alveoli, 47mmHg at sea level
. PaCO; is as measured by ABG (or approximated from EtCO,), we’ll say 40mmHg
RespQ is respiratory quotient and is assumed to be .82

J\ I
(LA’ dfw given that RespQ = 0.8, we sometimes see the equation simplified as so:
t 1 E‘Q\:L PAO2 = FiOZ(Pal.m - Pwalcr) —125(P3C02)
. /8 t o
/ \‘EX‘E‘J\ L o \3\ and since Patm, Pwater, and PaCO are all held constant in our thought experiments:
oY PAO: = FiOy(760 — 47) - 50
PAO; =FiOx(713) - 50

25 Yartsev, 2019 — He’s got a good graphic that shows the alveolar gas equation with all parts labeled, maybe makes a bit more sense
to the visual learners than how it is represented here

46 Patel & Bhardwaj. 2018 — These guys describe the details behind this respiratory quotient idea; maybe not relevant to our

discussion of vent stuff, but good nerdy details for those who want more (another option would be to find an exercise physiology
textbook, likely to be some good stuff there)

ol o)
y Q

s s o e e . g e g g aml o aml gl gml gnl gl g g g g g g @



nerurn to Conteney

cmbhO - conimerers of water. FiO; — traction of inspired oxygen: mmHg — milhimeters of mercury: Os — osveen: PAO

pressure of alveolar oxygen: PaQ: - partial pressure of artenal oxygen: Pug atmosphernic pressure

but back to our original equation:
PAO: = FiOZ(PaIm - Pwalcr) - (PHCO,Z/RCSPQ)
PAO: =0.21(760 — 47) — (40/0.8)
PAO:; = 100mmHg

o : ; .247
other iterations of the alveolar gas equation that we demonstrated in the manual are shown here:

PAQ:; at 100% or FiO; 1.0 (no PEEP)
PAO: = FiO2(760 - 47) - 50
PAO; = 663mmHg
PAO: with S5cm PE@(room air)l\
PAO; = FiOx(760 (+ 4) — 47) - 50

PAO; ~10ImmHg

PAOQ: during inhalation (20cmH.0 of pressure, no PEEP)
PAO;z = FiO(760 (+15) - 47) - 50
PAO: =103mmHg

So we can use the alveolar gas equation to solve algebra problems in an effort to show how things like

MndfPEEP affect PAO;. And then if we know how much O; should be getting to the alveoli and can
meéasure how much O, made it into the arteries (PaO2 from a blood gas), then maybe we can understand
something about the efficacy of that exchange. To say it another way, the idea is that we can use values for
PAO; and PaO; to inform us on what is going on with a patient in reference to the movement of Oz from the
input of our vent system into the bloodstream. Values like “A-a Gradient” and “a/A Ratio” attempt to do just
that. Now there are some limitations to both of these values and their application may be limited in the

transport setting, so we won’t get into the detail here’
4

ﬁr
i /'/p(/ﬂ) 5" ‘ !(’
247 And this was back in the section on Oxygenation - mh 8
248 Just a friendly reminder that ScmH:O is roughly 4mmHgI [n ir] UAT -~
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0 . ) _ marran! aos 1 y .
o TaDP - percentage of ime at decreased preload; AP driving pressure: ARDS - acute respiratorn distress syndrome
CO; - carbon dioxide: E1COs - end-udal carbon dioxide: ETT - endotracheal tube: FECOs — Traction obexh ed carbon diovide:
HME - heatand moisture exchanger; IBW — ideal body weight; kg - kilogram: L - hiter. min - minuie ml i
mmHbg - millimeters of mercury. MY - minute volume
M h . / 2 " 4
echanical Dead Space [l === §  cer a7

/

In order to determine the effect of mechanical dead space, we first need to know how much volume each
of the extra components takes up. This varies a lot depending on which specific devicgwe use and can be
found on the product labels that come with those devices, but we'll just generalize i here:

I e e
- )
: EtCO, detector: 5ml
t other potential things
in-line suction contraption/ angle: Sml
1 flexible angle adapters: 10ml
i filter: 50ml or more! p
H HME: 35ml
l distal bit of ETT: 2ml : total eslimate:ﬂ 50ml‘ -
for the adapter, plus the (excluding the filter, since we often put it elsewhere)
tube itself (2ml) /
74
-

Let’s say we want to figure out to what effect 50m] of added dead space impacts ventilation (and our
perception of that ventilation) in our patients. Now this gets a little},wéifc-i)énd the math takes a few leaps of
faith along the way, but let’s follow along and then compare what we come up with to data after the fact. Also
note that we are going to introduce a few new ideas here and that we will get more into those in the very next

section: [ a0
},f/’ TS
assume a patient of 65kg IBW ~
being ventilated at TV 6ml/kg (390ml) and RR of 17
MV calculated = 6630ml/min

now we already said a few things about this:
alveolar TV = TV — anatomic dead space
and this dead space is approximately 1/3 of TV
so alveolar TV = 260ml
VA =RR x alveolar TV
in this case VA = 4420ml/min

and if we add 50ml more of dead space into the situation
alveolar TV = TV — anatomic dead space — mechanical dead space
so alveolar TV = 210ml
VA =RR x (alveolar TV — mechanical dead space)
in this case VA = 3570ml/min
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Rykerr Medical’s Vent Management GHIEC

PEEP - positine end-expiratory pressure: PIP peak mspiratory pressure: PPV - positiv e pressurc \‘s.‘"il‘,'!.lll‘lli. N
RR - respiratony rate: s - second: Tur - amount of ime per breath; TV hdal u?-\w_,c: \J\ alveolar mimute
—= vl o l]r.; ; D i

We already know that there can be a discrepancy between-these two versions of YA, the OEe v ot
mechanical dead space left out and the one with it included. But now le.t’s consider the idea that t ]: an(1: -
CO; produced per minute doesn’t change from case to case, rather it’s simply the case that less of t a; b zdg !
exhaled. So how much CO; gets left behind in the system what and kdirnd (/Of effect does that have on the body:
To answer the first question, let’s look at the following relationship: © ?;?({, 4o

Vp _ EtCO, — PECO, /
V.~ EtCo, V) dea

Now there are two versions of this formula that use PACOz and PaCO; rather than EtCO», bUt.lt has
been proposed that this representation might be of value in calculating dead space in practice.”*’ :SO simply for
the sake of this example, we-will-go- with that. Now that PECO; value is something we haven’t dllscussed yet —
itis the mean partial pressure of CO; during exhalation. A normal value is around 30mmHg and it could also
be calculated based on the idea that a normal fraction of expired CO; (FeCO;) is about 4%:%"

PECO; =FeCO2 (Patm = Pwaler)
PECO; = 4% (760mmHg — 47mmHg)
PECO: = 28.5
now if we use,j;_ﬁét value and the previous equation,
we can solve for an expeﬁgt/’éﬁ EtCO; in either of the dead space cases in question
- only anatomic dead space:

14

7/ 130 EtCO,— 285
390  EtCO,
EtCO: ~ 43

with mechanical dead space added in:
180  EtCO, — 285
390  EtCO,
EtCO2 ~ 53

249

Siobal, 2016 - T'l}is is. a theoretical'lhing and would require further experimentation, but it serves the purpose of showing to what
;es);tent dead space might impact quantitative measures of EtCO, with all other things being equal
ScyMed. 2018 - Good reference for calculations and normal values for all things physiology
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o lab] pereentage of e at decreased prele

wd CO—wardiae output; I-time
min - minge: MY

mspiratory tme: kg - Kilogram: mi millilier
minute volume: OK - alnight: P,

< r{‘l-" 1vte ‘
- Now a difference in EtCO; o Iﬁmml—lg doesn’t necessarily mean that a corresponding quantity of CO,
Teémains in the blood and im

_ })a/cts the body. The purpose of this exercise was simply to show that the potential
exists for a buildup of CO, :

310 0/ In the transport setting where E1CO, monitoring is routinely used to assess
ventl.latlon, we would simply increase MV 0 bring that second value into a normal range. But let’s suspend
that idea for just a moment longer and consi

der what impact this might have if we fai
looked at this very problem i

: lined that removing 115ml of dead space fr
decrease in PaCQ, of | ImmHg and an increase of PH from 7.30 t0 7.38.

mean JIPWAY Pressure

om a circuit resulted in
! Furthermore, they were able to do

inéreasing MV to accommogdate, the
A will increase pressure (Ppfat and )
potential to cause discomfort and incréase that %TaDP concept.>% If we ca

One last thing about al] of this in regard to lgckd/os on VC ventilation. We mentioned way back w};ﬁ@
that it’s OK if our calculated MV is larger than our goal MV because of some-complications posed by dead
Space. We want to revisit that to show why that is -

old kiddo of 18kg:

TV =6 — 8ml/kg IBW | s
TV =6 - 8mlkg x 18kg
TV =108 - 144ml

MV goal = 100mlkg (IBW) /min \
MV goal = 1800ml/min \
MV goal = 1.8L/min

MYV calculated = RR x TV
MYV calculated = (20 — 28)/min x (108 — 144)ml
MV calculated = 2160 4032ml/min
MV calculated = 2.2 — 4L/min

\
("‘\it .\\J/

oW
X

31 Hinkson & friends. 2006 — Small sample size, but significant findings that support the idea of limiting mechanical de‘ad space
%2 And refer back to those respective sections for more: Plateau Pressure, Driving Pressure, Comfort, and Hvpotension
**3 In the section A General Vent Strategy

- . e B & S & B B

AR R ER

N = - G N N N N

a—



K_}'RL’H’ IMEaicdr > ¥ erig [IFEUIfEs™""" "

POSILIVE Pressure s entilation

e PLP - peak msprratory pressure. I'Py
volumi

PEEP - positive end-expiratory presst
tidal volume: VA - alveolar minute

RR - respiratons rate: s second: Toa amount of time per breath: TV

at is always there and then mechanical
oit. If we look

& Spr'cgfs"take

Just as with the adult patient, we have anatomic dead space th
dead space that we add in. But we never did consider that the vent tubing itself has some flex t
closely on the label of our vent tubing, it may say something like “compliance 0.0008L/cmH>0.

that hypothetical example and run-with it:

N
W
l;t/s go with a TV of 6ml/kg (108ml) and a rate of 24

MV calculated = 2592ml/min

VA = RR x (TV - dead space) ;
1_- Jf { | rf
= VJ vil e o | ,/
to summarize all the dead space components: ~ 1% 51 p0d ;’9'
we know we have about 36ml (1/3 of TV) anatomic dead space /\' T [ e

let’s say 20ml of mechanical because we have a pedi HME and EtCO; detector
and let’s assume a AP 12cmH20 to get to our TV goal
0.0008L/cmH;0 x 12emH;0 = 10ml
total dead space = 36ml + 20ml + 10ml
total dead space = 66ml

VA = 24/min x (108ml — 66ml)
VA = 1008ml/min

Now in this case the VA is probably a smidge low (MV goal was 1.8L/min), but we could then look at
VTe and EtCO; to titrate up to an appropriate level. But what if this had been an 10kg two-year-old?

TV 6ml/kg = 60ml
total dead space = 66ml
which basically means no actual ventilation!

and even if we drop the HME and assume no mechanical dead space in that sense
total dead space = 36ml + 10ml = 46ml
MV goal = 1000ml/min
VA = 30/min x (60ml — 46ml)
VA =420ml/min
we are still cutting it close and will have to titrate up on MV pretty quick




AVC LT A B0 i rily

. . s o nlhihter:
“oTaDP - percentage of ume at decreased preload; CO - cardiac output; I-time — mspiratory time: kg - kilogram: ml - millilite

min — minute; MV — minute volume: OK — alnght: Py — mean aimvay pressure

2
On top of all of this, there is also the idea that if we are using uncuffed ETTs with our kici(g;;(’séme vV
may get lost as air moves back past the tube to the oropharynx.?* So the moral of the story her at we
should either ventilate these kiddgan PC (to bypass this vent circuit stretch dead space concept) or start at a
higher end of normal TV and beready to quickly go up on MV as soon as initiating ventilation in VC (based on
VTe and EtCO;). As we said before, there is no right or wrong to this, so long as we know the consequences

and correct actions associated with whatever choice we make.

4 Chambers. 2017 — For more information on that, take a look at this paper
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Kykerr Medical’s Vent Management Uittt

‘ » W » " . |
PEEP - positine end-cxpiratory pressure: PIP - peak inspiratory pressure; PPV - positive pressure ventilation.

amount of tme per breath: TV - udal volume: VA = alveolar minute volume

RR resprratony rates s second: T

J
Age-Based Settings

i Wln fan effort to make recommendations about vent settings for specific age groups, speciﬁcglii’l_}_ﬁ_ @hd,]l
| ,-t/__ed,) here’s how the process went:
e—"
1. Make assumptions:
a. “Normal Respiratory Rates” as outlined by PALS are good enough to work with**
b. Normal RR range for an adult is 12-20 (cited in many, many sources)
c. A normal I:E at rest/ spontaneous respiration is 1:2, but we often work with a ratio of 1 :3 for
vented patients®*®

P

2. Fill the gaps in the PALS “Normal Respiratory Rates™ data set:
a. What gaps?>"’

no data for
preadolescents

39-59 16-36 2842

Bath (12 h. <1000 g)

Brth (12 h, 3 kg) 60-76 3145 2887

Neonate (96 h) 67-84 35.53 4560

Intant (1-12 mo) 72-104 37-5 50-62

Toddier (1-2 y) 86-106 4263 1962

: 89-112 e 5869

no info for the e Pl pregoes
8-9 year range Preadolescent 102-120 61-80 n-19
Adolescent (12-15 y) 110-131 64-83 73.84

255 And while there are gaps in their data, we can fill that in
2% And this may be by convention of leaving I-time set at a given value, not necessarily because that’s the thing we ought to be doing;

but regardless, we’ll get a range of possible values using both 1:2 and 1:3
337 American Heart Association, 2016 (image) — And we said already (section on Respiratory Rate) that we chose to use these values

not because they are intended for use with vent management, but because they represent normal values by age and are from a
reference that most of us are familiar with and have access to




o lTaDP

percentage of time at

min

b. Plot the existing data using both high and low ends of RR by age, make charts, then add lines of
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minute volume: OK

cardiac output. I-time
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mspiratorny time: ke
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mulhilier

best fit:
Chart 1 Chart 2
v -
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E]U 72'30 --------
?" * ° i a * e
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g 0 bl 4 6 1 10 12 14 16 3 o 2 4 6 8 10 12 14 16
Age (years) Age (years)

c. Using the better fits (exponential regression), solve for the missing data points in the PALS
chart, then add those values in to a new chart (noted in blue):

age description age (years) RR

infant 083 (1 month) -1 | 30-53
toddler 1-2 22-37
preschooler 3-5 20-28
school-aged ¢hild 6—7 18 —25

bio kiddps 8-9 17 — 25258
preadolescent 10-12 14-23
adolescent 12-15 12 -20
adult 16 and up 12 -20

#E Range here was calculated to be 17-26, but we went with 25 since range-fo
arbitrary decision, but makes the final product flow a bit better

-151 -

r\S\Ehobl-aged é!{nild was to a max of 25 — this was an

e S S O O OF o OF O O Ol \¢



(23222322 %

Kykerr Medical’s Vent Management Guide

» ]
PEEP  posiing end-expiratory pressure: PIP - peak msprratory pressure: PPV positive pressure ventilation,

RR - respiraton

rate. s — second, l...,.| amount ol time per breath, T tdal volume: VA = alveolar mimute yolume

3. Do alot of calculations (for I-times):

60s + RR = time per each respiratory cycle
Ex. For adult (low end RR): 60 + 12 = 5s
Ex. For adult (high end RR): 60 + 20 = 3s

I-time = time per each respiratory cycle + number of parts in that cycle
Ex. For adult (low end RR, 1:2): 5s +3 = 1.7
Ex. For adult (high end RR, 1:3): 5s + 4 =~ 0.8

Therefore I-time range for adults is 0.8 — 1.7s

4. Putall the data (both RR and I-time) into a chart:

age description age (years) RR | I-time (s)
infant .083 (1 month)—1|30-53 | 0.3-0.6
toddler 1-2 22-37104-09
preschooler 3-5 22-281 0.5-0.9
school-aged child 67 18-25] 0.6-1.1
big kiddgé 8-9 17-25] 0.6-1.2
preadolescent 10 - 12 14-23|07-14
adolescent 12-15 12-20] 0.8-1.7
adult 16 and up 12-20| 0.8-1.7
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min - minute; MV - minute volume: OK - alnghts Paw - mean aimw iy pressure

{ Hypotension Strategy Math

. s P /f"/)
In the section where we outlined the Hy potension strategy, we introduced a concept which-we-labeled

as %TaDP (percentage of time at decreased preload)-and the idea was that if we decrease the overall amount of
time spent pushing air into the system above our set PEEP (i.e. inspiration) then we can mitigate the
cxacerbation._o;f a hypotensive state. The result was a strategy that included a shortt/er I-time, higher TV, and
lower RR. We also mentioned that there are other rationales for this strategy: less dead space and ]owerflj;_wT
We are going to calculate out these differences here just to give some more legitimacy to the argument.”

But before we get there, one other thing to mention. PEEP is also a contributing factor to hypotension in
the susceptible patient, so we want to keep that to a minimum. While it may seem like a good idea to drop
PEEP to zero in the hypotensive patien ecially in light of the P, calculations we’ll show in just a moment),

recognize that oxygenation is also/ important and PEEP is one of our tools to maintain that. Other specific
benefits of PEEP that’d we’d like fo maintain in these patients include ease of triggering spontaneous breaths,
alveolar recruitment, and decreased left ventricular afterload. 2° Last thing: the PPV/ PEEP > decreased
preload > decreased CO sequence of evenﬁ{""j&aﬂ be mitigated by fluid resuscitation.

Moving forward, recognize that is totally OK to drop PEEP all the way to zero if need be, but there may
be consequences and there may be other relatively simple strategies (i.e. fluids and other vent changes) to
mitigate the negative consequences while maintaining the benefits. It’s also just fine to drop PEEP to zero in an
emergency, then work back up to a beneficial level after the acute threat has passed and other interventions have
been put into place — vent management is dynamic and we can adjust strategy as we move forward with patient
care. So while we are going to show how eliminating PEEP can significantly reduce Paw, which theoretically
lessens the negative consequences of PPV, just know that there are multiple variables involved in this practice.
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artsev. 2019 — He also discusses the idea of mitigating the effects of PEEP, discusset-helow
*% We mentioned this very same idea in How is Positive Pressure Different?
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. PEEP  posiive end-expiatory pressare: PIP - peak inspiratory pressure: PPY - positive pressure ventilation
' RR respiratony rate: s - second; T — amount ot time pel breath: TV - udal volume; VA - alveolar mmute volume
. L )
i Now for the math, starting with how the lower RR, higher TV strategy decreases dead space. Let’s

—  assume another 65kg patient and see how it looks. We’ve shown the matirhere working from the assumption
that anatomic dead space doesn’t change with TV, but recognize that this idea is based on a number of factors

- and may not be the case for all situations:?*! Yo,
i general strategy
~ (6mlkg TV) TV 390ml MV = 6630ml/min MYV is basically the same
- anatomic dead space 130ml . (dead space = 2210mV/min)
i x 17/min
wr alveolar TV 260ml VA = 4420ml/min dead space is more in the
. general strategy
- hypotension strategy
& (10mlkg TV) TV 650ml MV = 6500mUmin VA s greater in the
s - anatomic dead space 130ml . (dead space = 1300mV/min) hypotension strategy
x 10/min
= alveolar TV 520ml VA= 5200ml/min

This demonstrates the concept that in the hypotensive strategy we push less wasted air into the system.
@ e already know that positive pressure, whether in the form of a breath being delivered or PEEP, has potential
" negative consequences, so if we eliminate any part of that (i.e. reduce dead space) while maintaining ventilation
then our patient is better off. To say it another way, we want to try to make use (in the form of VA) of as much
of the total air (MV) that we put into the system in an effort to eliminate pushing air in unnecessarily (dead

£ space).

- The next concept to discuss is Paw. The airways and lungs live inside the thoracic cavity, so if we put
L&) Pressure into the respiratory system then we see changes to pressure in the thoracic cavity. The idea is that Pay
@  directly correlates with a concept called intrathoracic pressure and intrathoracic pressure, in turn, is the thing

& thatcauses all those hemodynamic changes associated with PPV.%? Now it gets exponentially more complex
than that, as pressure at specific components within-that thoracic cavity, all of which are tied.t hemodynamic
function, vary significantly (interms of influence on function, not necessarily quantitatively , 23 but the simple
- interpretation of the idea is that pressure we put in via the vent can disrupt hemodynamic function and result in
| & less CO. Sﬂ’ﬂ'leoretically, if we limit Pay we can minimize these potential negative consequences. At least
that’s the idea.

) Paw i8 normally measured by the vent itself, but there is a formula to estimate it using values for I-time,

/m/'ld PEEP (and also Tiotal, which is the amount of time per breath or 60s + RR):

\

PIP,

—

b : Paw = 0.5 x (PIP — PEEP) x (I-time/Tiol) + PEEP

261

] r
Yartsev, 2019 — We mentioned this in Ventilation and referenced this same article then - 4[50 ‘)“." r L,,,ﬂ é‘*{‘ ¢

%2 Chiefetz, 2014 - Similar discussion to some of the other references cited previously, but'specifically focuses on this idea of Py and
the balance between oxygenation and the negative consequences

N 23 Luecke & Pelosi, 2005 - Very detailed discussion of the physiology involved in all of this “’ 6 T g't
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Using this formula, we built a spreadsheet of possible P, data points for each strategy on different

values for PIP and PEEP:
N\ v -
General Strategy Hypotensive Strategy
| 8 - Ll i Pu F "

100 115 |20 [25 [30 |35 " 10 | 15 [ 20 | 25 | 30 | 35
0)142(213]283(354 425 | 496 0067|100 133(1.67]200] 233
11228298 |3.69(440] 511 5.82 1/1.60(193]227|260]|293 (327

PEEP | 2| 3.13| 384 | 455 526 597 | 6.68 PEEP | 2| 253 | 287 3.20 | 3.53 | 3.87 | 4.20
3399|470 541612 6.83 | 7.53 3|347|380(4.13 447|480 5.13
4485|556 (627698 7.68 8.39 41440473 507|540 (5731 6.07
5571 642(7.13(7.83] 854 | 925 5|533|567|6.00(6.33( 667 7.00
6(657|728)798(869(940] 10.1 6|627| 660|693 727|760 7.93

—

Barring the most drastic possible scenario (excellent compliance and very low PIP per the general
strategy, poor compliance and high PIP with transition to the hypotensive strategy; paired with keeping PEEP
constant), we can see that the hypotensive strategy tends to give lower numbers for P,. While it is likely that
overall compliance will decrease and thus PIP will increase as we move from left to right (due to higher TV
with the hypotensive strategy), guesstimating to what degree that will happen seems unfair without actual
experimental data. There may also be a mathematical model based on this idea that could identify cases where

aw isn’t actually decreased with the hypotensive strategy, but given that this is just one of three reasons to use
the strategy (the other two being lower %TaDP and less dead space), it seems OK for now.

Just to demonstrate an arbitrary example, if we had a patient vented per the general strategy with a PIP
of 20 and transitioned them to the hypotensive strategy and ended up with a PIP of 30, we’d get a small drop in
Paw:

ré , i ~
(™ | i [
ﬁene)el E(r){tegy proten&ive ‘.S‘r\l;aregy
>~ PP PIP
Po o T35 T20 [25 T30 3 P T T BT 5305
0[142(213283]3.54]425( 496 0067|100 1331.67]200] 233
1(228[298]3.69|440]5.11] 5.82 1] 160 193227260293 327
PEEP | 2| 3.13 | 3.84 | 455|526 | 597 | 6.68 PEEP | 2| 253 | 2.87 | 320 | 3.53 | 3.87 [ 4.20
31399470541 6.12]683][753 3(347|380(4.13(447]480] 513
4| 4385|556 62N 6.98 | 7.68 | 839 4(440(473]507(540 AN 607
5[571 6.4:( 7.13 | }.83] 854 [ 925 505335671600 6_3:{ 6.67 y.oo
6| 657 7.28 798 //8.69 | 9.40 [ 10.1 6|627| 660|693 7.27\@9/7.93

At this point there’s no experimental data (at least that we are aware of) to show to what extent this type
of thing has on CO or other parameters of hemodynamic function, but given the logical sequence of events that
we already outlined it seems like a step in the right direction for the patient who is hypotensive or at risk for
becoming so.
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_—
PEEP  posine end-expiratory pressure; PIP

peak mspiratory pressure: PPy
RR respiratony rate; s

positive pressure ventilation
second: Tygr — amount of time per breath: TV

tdal volume; VA — alveolar minute volume

Just to summarize things for this section: the hypotensive strategy includes shorter I-time, increased TV,
lower RR, and keeping PEEP to the lowgﬁt level needed to maintain oxygenation. We discussed the idea of
%TaDP back in the section on Hy potexision and then we added to that just now the idea that this approach

results in both less dead space and a génerally lower Paw. And while PEEP is a major contributor to Pa, it also
S€rves to maintain oxygenation; this means Ave ought to use caution in titrating it all the down to zero.

//( / ( L'-r
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Keturn to C ontents

/A Personal Reflection

When I started putting this all together I thought I knew a fair amount about vents. At least I thought I
knew enough to effectively' manage patients in transport and that my comprehension of it all. was adequate to
simplify it for. others. Tarns out I still had (and have!) a long way to go. In spite of this realization, the .proce_ss
of putting this all together hh(s'ﬁ;(‘elped me learn way more than I thought I would’ve needed to.' And I think this
final product will satisfactorily help others achieve a better understanding of vents with the ultimate outcome
being improved care for the patients we move around.

The goal from the beginning was that this is to be an ongoing project. I’m sure there are errors and
misunderstandings hiding in plain sight, but that’s all part of the learning process. If you come across
something that needs attention or even if you just want to get involved in the next version, don’t hesitate to
reach out. There’s no reason that this sort of thing should be a one-man project. So let me know what you
think, feel free to touch base any time, and check out the website for more.

b

Ryan 4 e s q el
Paramedic & Nurse i; "{fdi 0:'1/’ ;_r) Py D)

Managing Member, Rykerr Medical LLC
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