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A Personal Intro

There are lots of good reasons why | 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 ljKe 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
complicated things. So my second 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.

But to start with the awful beginning story: [ was brand new to an ambulance service in rural New
Mexico, having moved from Pittsburgh about two years after I first got my medic. I was still green but felt like
I'had gotten a lot of experience back in the city and was maybe over-confident. Anyways, I started at this
service in mid-November and this call I did was the day after Thanksgiving, so I had basically just arrived 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 Five- and ten-minute transport times had been replaced by ones much longer in our 5,000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 flagship 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 patient 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 becausé the patient wasn’t
listening to the vent settings we had dialed in before leaving, so I paralyzed him with¥ec — also per the lesson |
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 cpuld hop in the back and give me a hand.

Sats s#fil stayed low, the alarms were yelling at me, the EMT was like “WTF, bro, get it together,” and I
didn’t know what to do, so I turned the vent off, pulled the tube out and started over from the very beginning
with BLS airways and the BVM. So that happened and we had the airway 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 connections 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 know 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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And that’s just part of the story. One other part, don’t forget, is that guy on the bench seat watching the
v\(hole 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 I finally did get that alarm situation sorted, I still had
trouble managing my vent settings. | couldn’t maximize my SpO: or keep my EtCO; in range, my patient
would get super agitated every time the Vec wore off, etc.... So I 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:

v

% The Ventilator Book by William Owens

/
3¢ /

* 4\‘3';: % The LTV 1200 Product Manual (and the DVDs)

U &\ )
% 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 leaming when used in the right way and I
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. 1'd love to get more folks involved in this and make it both better and
more accessible for all involved :)

[ M WY
N M gn
i 0!
RLS

101
Bt O

I Or follow the QR code on the cover to link to the website
-6-
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Some Very Basic Physiology
/ ol
(’ .
Asa disclaim‘?ﬂ'ée stuff outlined here is super-hasic-and intendedfo give a foundat.ton for the .
fundamental concept§.of vent management. One recommendation for looking into the details beyond this

(much of which comes up later when we talk about specific conditions) is a good, solid, heavy Anatomy and
Physiology textbook or any of the referencedlisted at the very end.

¥ b 47’“-{”

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:

We also have the chest cavity and the diaphragm:

gy

b

N\
W
I L
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It's OK to consider the lungs to be “aftachied” to the chest cavity 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 |

acuive process passive process

contraction of diaphragm relaxation of all the things F
(and intercostals)

\\ Z/IJUN

Yo

'/

Inside this same cavity lie the heart and great vessels (and most importantly to our discussion, the

inferior vena cava):
+ + \I,I [ = @\
I I
I
l .

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
movemenm/mx 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 just a

minute. j
/ [t v ‘n (l

i ,,,,w o
e

2 This assumption mostly holds true for our need in the transport setting, so we won’t take it much further than that here

3 Azizov, 2017 — Video that explains how this mechanism works
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From there we need to zoom in and take a look inside the lung tissue. The image below shows blood
vessels encircling little sacs, known as alveoli, which are the homestay of4thc:aﬂ-femeus-pUlmonary gas
exchange where oxygen goes into the blood and carbon dioxide goes out: //

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

2
o
¥
™
- blood 2 g9

%

4 Betts & friends. 2013 (image) — This image is from a free online textbook Mﬂmﬁmsﬁgm

B
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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 movifg past the alveoli and gases are constantly naoving 1o reach equilibrium, so that as
carbon dioxide is offloaded and oxygen is onloaded, there is a new supply of blood and a reset of the gradients
across that membrane. Plus this diffusiw{igasses from alveoli to pulmonary capillaries happens ve

bo

quickly, so we generally aren't worried a

the diffusion of gases as a function of speed being the/limiting

factor in this process:® Q’J " fll, il o ‘l \
ambient air = 760mmHg
l;gé): l(;)();‘nr:‘mH}%g at the alveoli:
Feb, s

It's

e pulmonary capillaries:
. 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

also worth mentioning that the pressure gradient or difference from alveoli to capillary is drastically

different when comparing oxygen to carbon dioxide: oxygen has a pressure difference of about 60mmHg, carbon
dioxide has one of just 5SmmHg. While this may seem, at first glance, to put the body at risk of some sort of

imbalance,

carbon dioxide moves more easily through liquids, and thus the membrane between capillary and

alveoli, (roughly twenty times so) and the net result is that oxygen and carbon dioxide exchange at about the same

rate.

i€ and use the calculated value to maintain consistency throughout this text

spefler, 2

018 — Outlines how both oxygen and carbon dioxide 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!)

-10-
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How is Posit&x{e Pressure Ventilation Different?
oy /Y . :

Néxt we need to consider what happens when we bypass the whole negative pressure mechanism ffor
ventilatigh and instead opt for a positive pressure approach.” Let’s start at the top with the basic sketch o
airways and lungs superimposed on the chest wall and diaphragm. When we Ventl!atc .b)’ positive pressure
ventilation (PPV) we have to physically displace the diaphragm and chest wall }vhlle simultaneously pushing air
into the system — this requires a lot more pressure that we needed for that negative pressure, spontaneous
mechanism:

inhalation exhalation
active process passive process .
via “pushing” of air relaxation of all the things

by the machine

N7

L N

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 15-25cmH,0; compare
this to the pressures represented in the following illustration:®

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

-—p
4 saconds elapsad /

Inspiration! Expiration <]

Intrapulmonary | '
pressure )

e ———t i ———

SRR \ range is -Zyxﬂ; (or-2.4 to -8.2cmH,0)

7 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 realjty we can synch patient effort to
machine effort to minimize the differences and effects discussed in this section (discussed moré in MQ)

8 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

-11-
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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 pressure on the vena cava,
resulting in decreased preload and, therefore, less output.” Let’s represent it this way:

normal breathing
-lmmHg (-1.4cmH,0) +15-25¢cmH,0

blood retun AOK blood retum (potentially) compromised

Y“"L 5T /
fo W
’_‘L !Y{ ‘!7'\" - o
[ "Y"‘ //
\ //f

/
(#

Other negative sequalae of posifive pressure-ventlation (which 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’t ventilate
appropriately based on patient presentation, we can also cause things like direct injury to the lungs/ alveoli and
hypoventilation (leading to shock). This is but a short list of the major things we’ll worry about 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.

positive pressure ventilation

9Strong, 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

19 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

"' 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™ for more detail on all of this stuff

_‘ V-; 5 ‘ ﬁ
S12-
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We already saw how a pressure waveform might look over time with spontaneous, negative pressure
J breaths;so let’s see how it looks with a machine delivered breath. Note that there are different types of machine
K%e red breaths in this diagram (plus some terms to discuss), and we haven’t yet gotten there; that’s totally
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 differer?t/ 3 es one mode will be more comfortable for a
certain patient in spite of nymg to do all the other thmg ol know how t /o/do , simply because how that
patient’s body responds:'? / v ‘&vl

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

regulated volume control
/N

7
S

e ﬁom ever putting a patient on a vent, there are mﬁ;advanta es of

S srtiation-ar aTHca ation. Most obvious of these is that it allows us to bréathe
fora patlent in a relatively sunple 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 oxygen
into the bloodstream moré easily, managing ventilation can help that oxygen 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 positive pressure-ventilationde-have 1.7 place in the cosmos.
]

S
-

12 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 /

EEE
Sl
et



P333393333903000000000008834348484844844888848484848484¢

TS TR e
0 I
Return to Contents { ’ 1) ‘( (N A
O t ) O > FP '
[ Tk |Ew\r)
oW "
f ol (o
IV

Just to 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. Oxygenation refers to the
transition of oxygen 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. And lastly is respiration, which has two specific
flavors. Pulmonary respiration refers to the exchange of carbon dioxide and oxygen in the alveoli of the lungs;
cellular respirg}jon refers to a comparable gas exchange at the tissues. To visualize itall, here are a few images.

to-representzallef that:
I ventilation l

VIINN 220N

Other Important Concepts

Ventilation, Oxygenation, and Respiration

3

oxygenation

N

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

13 Betts & friends. 2013 — Explains in more detail the processes of ventilation (Section 22.3) and respiration (Section 22.4)
S /
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pulmonary respiration cellular respiration

3 blood 9

Sheis N
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There is some overlap between oxygenation and pulmonary respiration in this context, bxft it helps to
separate these ideas out. When managing the vent, we are most focused on the processes of vc;ntllatlon and
oxygenation. While respiration (in both forms) is very important, our ability to manipulate theseatocesses 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.

-15-
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Dead Space'* -

Dead space can be an intimidating concept when it comes to vent management and we are going to try
to both simplify it and identify specific situations in which it matters in the context of patient management. To
start with, there are four types of dead space that we will discuss: anatomic, alveolar, physiologic and
mechanical. We don’t always see every one of these discussed in references, but we will include them all here
to make sure that our understanding of dead space is complete. Dead space, as a term, can be used to describe
any one of these subtypes, but it helps to recognize which type of dead space is of concern in a given situation.

To start things off, anatomic dead space is the air involved in the respiratory cycle that does not
participate in gas exchange. As represented by the blue lines, it starts at the naso- and oro-pharynxes and
extends down to the terminal bronchioles:

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 respiratory cycle, but that isn’t the case. There
are tens of thousands of terminal bronchioles in a lung and hundreds of millions of alveoli,"” so 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 those alveoli are fully inflated at peak of
'mspiralioq./ As for-quantifying-this-value: normal-anatomic-dead space is-about 2ml/kg or about 1/3 ot; tidal 7

volume,—)' —_— /
V\ff*"" ,"q ? A Poui|

ol 10.,91« / ot r’"',’l pabr g dc

77 “”‘,f )d} o vir ‘f

1414 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 .
15 Betts & friends. 2013 — And just to clarify some useless tri¢ia: the terminal bronchioles (marked by the thick blue line in the far
right side of this photo) are different then the respiratory bpénchioles, which are the stems distal to that blue line that feed into each

)

cluster of alveoli
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Anatomic dead space is most rejevant in our discussion of ventilated patients when we need to alter lll:e
amount of air that participates in alyeolar gas exchange (i.e. ventilation). We will talk about this more later,
but we basically have two options When it comes to increasing the amount of air to the alveoli: increasing the
frequency at which we deliver breaths or increasing the amount of air 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 th

at entire breath. On the other hand, if we simply add volume to breaths already
being delivered, we actually get that additional volume at the alveoli because anatomic dead space has already
been considered for each breath.

The next type of dead space is alveolar dead space. Alveolar dead space refers to the air in the alveoli

that doesn't participate in gas exchange. This can be due to a few different things: decreased capillary blood
flow, fluid 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 alveol

ar 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, 7
however, we assume some alveolar dead space. i t e thisva " %),
knowing that number doesnt routinelyetpinthe transport setting. Instead;we assume-alveolar dead-space in
all.efanrpatients and proactively take steps to accommodate that wi

th our settings.
Interventions to address an assumed alveolar dead space would be ens ing adequate oxygenation,
applying end-expiratory pressure,!” pﬁ?ﬁ

utilizing appropriate ventilator settings atient size, and proper patient
positioning. All of these things will

be discussed in sections to come, so noheed to remember them here. Just
know that the takeaway in regard to alveolar dead space is that we always ass '

damage to the healthy lung when
a patient that does have some deg
decrease the patient’s abili
an infection along the way

used appropriately. On the other hand, if we forget to make this assumption in
ree of alveolar dead space, we can incr.

ease mortality, delay recove and
ty to compensate for other thregts that might come up during the clinical cotrse (i.e.

17 While this does facilitate oxygenation, it also helps address the alveolar dea
two ideas are discussed, respectively, in Oxygenation (& Sp0;,) and PEEP

'6 In the section on Ventilation (& EtCQ,)

d space situation via recruitment of more alveoli — these

-17-
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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 where exhaled air leaves the wye of the vent

circuit:

air comes in via

« this tube

imaginary barrier between
anatomic dead space and
mechanical dead space

distal bit exhalation valve

/1 g \' of ET tube on vent circuit
v o ,
A" -‘,'{ \-* Y-y 077’/' b
n\ off V) / /
VAT ’ hanical dead 4y sply/
L) ,\ mechanical space 7 / ,/ |
/4/ Nr

 Mechanical dead space is a problem because it increases the amount of “used up air” with which ngd 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 wg ossible (i.e. think about whether or not an in-line suction device or HME is
blindly for all patients) and that the effect is more pronounced with smaller

needed rather than placin
patients and higher respirdtory rates (j.e. pediatrics). v/
) mﬁ is that there is a silver lining to our concept of mechanical dead space.

ast thing about this
actually creates a narrbw passageway from the teeth/ lips (where we drew that blue line) down to

11e
The
rachica, essentially negating the dead space of the naso- and oro-pharynxes. So while the net change in

the fra
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. And we’ll

come back to this concept in the Appendix.
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'_rall:fr}f these volumes as fixed quantities of air; but the truth is that the
containers that hold thesequantities of 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 volume) doesn’t always match up exactly with air out of the system (exhaled tidal volume). So
where does that air go? Some of it stays in the alveoli (see upcoming discussion on recruitment), some of it
leaks around our endotracheal tube (ETT) cuff) some of it is lost to the tissues and airway structures, etc. While
this isn’t exactly dead space per se, it helps to recognize that it is a thing that can cloud our understanding of air

volumes.

I8 Heat & Moisture Exchanger, discussed more in Humidifiers

-18 -
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Another place where this comes into play is with the vent circuits themselves. These plastic tubes are
not rigid and do have a certain amount of stretch to them. If you look on the package of the tubing, there is a
value that says how much volume of stretch a given circuit has per unit of pressure. We will fems:t this idea |
again in later sections (once we discuss a few of the concepts mentioned here) but know that in volume co_ntrq
ventilation we may inadvertently overestimate the amount of air delivered if we ignore the §tretch pf th_e cir cuit.
This is particularly relevant with little patients (i.e. infants), ds the impact of this effect (ral\glo of migestuuation
to potential outcome) is more pronounced with smaller breaths (i.e. lower tidal volumes).

Hypoxic Pulmonary Vasoconstriction?

Hypoxia in the pulmonary vascular bed results in vasoconstriction (thus the term, “hypoxic p_u[monary
vasoconstriction” or HPV), which is opposite of what happens in systemic circulation. This mechanism he!ps
the lungs to avoid wasting blood supply to part ofthe lung that isn’t getting enough oxygen —it’s a mechanism
to conserve resources and maximize efficiency :’éf the §ys}eé1h Just as with other vascular bgds in the body, the
pulmonary capillaries are in a constant state p"f flux and respond to the needs of th
of resources (oxygen, in this case, being the driving force) by opening and closing.

Carrying on this conversation with a new term: HPV helps to avoid ventilatio
(V/Q mismatch®"), which could look like either of the following:

-perfusion mismatch

N
g\\qv\i < @’i
e
) o
6\{ g\)?v “\@

—\/__
. vQ

The left side type of V/Q mismatch demonstrates alveolar dead space. It shows that air supply (i.e.
oxygen) in the alveolus is in excess of blood flow and therefore some of that oxygen won’t get utilized or move
into the bloodstream. The right side state is what we call a shunt. Ina shunt, blood ends up passing through the
pulmonary vascular bed without getting its full complement of oxygen. And it isn’t always the case that the
mismatch is due to volume of air in the alveoli own, it can also be related to some kind of impediment that
prevents the movement of air out of the alv amples of this would be pulmonary edema, ARDS, and

pneumonia. In either of these cases, dead s or shunt, HPV is basically the body’s mechanism for reversing
this type of mismatch.

1% Bauer, 2018 - He discusses this idea in his book on vent mana
pediatric patient later on in the Appendix
%0 For more reading on the subject:

Dunham-Snary & friends, 2017 — Describes how this response can be inhibited my certain interventions; outlines the role of HPV in
different pathologies

Lumb & Slinger, 2015 — Outlines the timelines discussed; also discusses a number of relevant pharmacological agents that contribute
to the effect

2! Mason, 2019 - We just left out the idea of V/Q ratio in this discussion because
here for a quick explanation and overview of how this concept looks

o
I h
Ef‘%'

gement; we also demonstrate this impact in the context of managing a

our focus is on the general idea only, but take a look

-19 -
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Now one thing to know about this whole process is that it goes both ways: vasoconstriction is the
response to hypoxia in the pulmonary capillaries and vasodilation occurs when oxygenatnon is adequate or that
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 reyerse process (vasodilation) typically also occurs
quickly, but can happen much more slowly (up to hours) or incompletely (without oomplete reversal of the /
vasoconstriction) when the HPV response has been sustained for a while. Hec—a oo

The HPV response and the fact that it may take quite some time to reverse gelps to explaln, in part, why
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.7/ we do what we can (as we will
outline soon) and recognize that there are limits to what results we can expect. ©

Alveolar Surface Area

Even though we have been demonstrating the alveoli-capillary interface as a single blood vessel running
past the air sac, it is important to recognize, again, that this is a simplification of how things really are and that
the surface of the alveoli are covered by a network of vessels:*

v

e

v

ry
Iblood > NG

%

22 Betts & friends, 201

-20-
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When we inflate the alveol; 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:23

S5 more surface area
&
thinner membrane

N
More surface ar thinner membrane makes it easier to move air from inside of the alveoli to the
circulatory system,? s Itsof our interventions with the vent are focused on this idea. That said, there are
things that can get in ay 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:’

YLD Y5

toxins can injure the fluid can impede gas exchange inflammation can also havesa
membrane directly across the membrane mm.da.r.nﬂ'orb L Oy
poll v lae floder

_ 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 differentthimgs-eventually, just know that the whole process
isn’t as simple as it seems at first glance. 4 /%17%

* And we spell this out in much more detail in the section on Oxveenati

** Desai, 2012 - We cite this video in Qxvg enation (& SpQ.), but here it is now if anyone is curious before then
5 George, 2015 — Check this out for a bit of extra detail on the difference between pneumonia and pneumonitis, both of which are
included in this working list of things that can inhibit effective gas exchange

EE%sE

it
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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 dude could weigh either
1201bs or 3001bs and the size of his lungs wouldn’t change. There is a formula to calculate IBW for both males
and females, often presented as a hybrid of metri¢ and standard units:

IBWaudes (kg) #/2.3(height in inches) — 60) + 50
IBW.icks (kg)<2.3(height in inches) — 60) + 45.5

For the metric enthusiasts, we also (ave 3t as so:

IBW audes (kgf #0.91(height in cm) — 152.4) + 50
IBWhicks (kg) $40.91(height in cm) — 152.4) +45.5

Or we can use charts like this:?’

T_FPEW <ml Swmi_6ml Tmi_Smi P 4mi__5ml_6ml 7ml Eml
4 0° (48) 17.9 72 90 107 125 143 + 0° (48) 224 90 112 134 157 179
4 1" (40) 202 81 101 121 141 182 & 10 (49) 247 00 124 148 173 18
42" (0) 225 00 113 136 168 180 & 2 (50) 27 108 135 162 180 218
43" (51) 248 00 124 140 174 108 4 3% (51) 203 117 147 176 205 234
4' 4" (52) 274 108 138 183 100 247 4 4" (52) 318 126 158 190 221 253
4" 5" (53) 204 118 147 176 208 235 & 50 (53 330 138 170 203 237 271
40" (54) 317 127 150 180 222 254 40" (84) 362 145 181 217 253 200
4 T (55) 34 138 170 204 238 272 & 7" (55) 385 154 163 231 270 308
4' 8" (66) 303 145 182 218 284 200 4 3" (50) 408 183 204 245 288 328
4' 0" (57) 386 154 103 232 270 300 4 0" (8T) 431 172 216 250 302 345
4'10" (58) 400 164 205 245 286 327 4'10" (58) 454 182 227 272 318 363
411" (50) 432 173 216 250 302 340 411" (50) 477 191 239 286 334 382
5 D" (80) 455 182 228 273 310 364 5 0° (80) 50 200 250 300 350 400
5 1" (61) 478 101 230 287 335 382 5 1% (61) 523 200 262 314 360 418
&' 2" (82) 501 200 251 301 351 40 5 2" (82) 546 218 273 328 382 437
6 3" (83) 52.4 210 282 314 387 410 5 3" (63) 569 228 285 341 308 455
5 4" (84) 547 210 274 328 383 438 5 4" (84) 892 237 206 355 414 474
§ 5" (85) S7 228 285 342 300 456 5' 5" (85) 815 248 308 360 431 492
5 8" (66) 503 237 207 356 415 474 5 6*(68) 0638 255 319 383 447 510
$ 7 (67) 616 246 308 370 431 493 5 7" (67) 881 2684 331 307 483 520
&' 8" (08) e3e 256 320 383 447 611 5’ 8" (08) 084 274 342 410 470 547
5 Q" (89) 882 265 331 307 483 520 5' 9" (69) 707 283 354 424 495 588
5'10" (70) 08.5 274 343 41 480 548 510" (T0) 73 202 385 438 511 584
811" (71) 708 283 364 425 408 500 5 11~ (T1) 763 301 377 452 8527 602
8 0" (72) 731 202 68 430 512 585 8' 0" (72) 778 310 388 408 B43 a21
6 1 (73) 754 302 377 452 528 @03 6 1" (7T3) 709 320 400 479 550 630
6 2" (74) 777 311 380 488 544 622 82" (74) 822 320 411 403 575 058
6 3" (75) 80 320 400 480 580 @40 @' 3* (75) 845 338 423 507 592 878
0 4" (78) 823 320 412 404 576 058 64 (78) 868 347 434 521 €08 094
e 5 (77) 846 338 423 508 592 477 0 5" (77) 801 356 446 535 624 713
06" (78) 800 348 435 521 008 605 @' 6" (78) 014 386 457 543 640 731
e 7" (70) B892 357 448 533 624 T14 e 7" (79) 937 375 480 562 @656 750
©' 8" (80) 915 360 458 540 641 732 6' 8~ (80) 06 384 480 578 672 708
6’ 9" (81) e3as 375 400 563 a57 750 Q' o~ (B1) 083 303 402 500 (.1.1} 7868
8'10" (82) 081 384 481 877 4673 780 8'10" (82) 1008 402 503 604 704  BOS
811" (83) 084 304 402  6OD 680 787 611" (83) 1020 412 515 817 720 823
70" (84) 1007 403 504 604 705 808 7 105, 421 736 0

PBW and Tidal PBW and Tidal
Volume for Females Volume for Males

ARDSNet Studies ARDSNeat Studse

26 May also be referred to as predicted body weight (PBW)
27 NHLBI ARDS Nedtwork, 2014 (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 you have someone under five feet. But either way works:

IBWudes (kg) = 2.3(every inch over 5°) + 50
IBW.hicks (kg) = 2.3(every inch over 5°) +45.5

_ 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 you can refer to:2*

Infant Weight (kg) = 0.5(age in months) + 4
Little Kiddo (1 — 4 years) Weight (kg) = 2(age in years + 5)
Big Kiddo (5 — 14 years) Weight (kg) = 4(age in years)

And note that the Broselow overlaps with the ﬁ@n above, so if we have a really small grownup or
a big kiddo, 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.

N
X
\

(
*.Gravgs & 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

% Critical-Medical Guide & Pedi STAT ~ both are excellent resources to have on hand for quickly referencing relevant dosas=

//
YU rd—
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Measuring Pressures

During mechanical ventilation we measure pressures in centimeters of water (cmH20). You may
occasionally hear this pronounced as “sonnimeters m&% and know that a }fmnmmeter‘( and a centimeter, in
this context, are the same thing. So we have cmH:0 with mechanical ventilation, but we écnerally talk about
ambient 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 1mmHg is about /4cmH.0 (this was when we talking about the fact that a
normal negative pressure, spontaneous breath only lﬁg ImmHg of “saek™ while a typical positive pressure

breath via machine takes 15-25cmH:0 to move an equivalent amount of air), but let’s now put it all down in a

quick Thart just todcm;ﬂm%amr( air):3 0 7 4 J./_;
ATM | PSI | kPa | mmHg | cmH0

ATM 1 14.7 | 101.3 | 760 1033

PS1 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 aim@m 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 thdt 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,O (per the machine)
/ 760mmHg (per the planet)

time =
JCN

- pressure +

/
30 We built this chart by Googling conversions for these values.. /

31 Yartsev, 2019 — Scroll down to the section called “Airway Prt.ssurc for some fun (and likely usclmwon why we measure/
label pressures the way we do

E&RE
m.
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Modes of Ventilation ”;&& \}X '7\‘;5 N

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,
' l\ but the terms sometimes get used with a bit of overlap. It helps us to think of mode as the overal.l pattern or
k organization and control as the specific way we choose to deliver breaths, but-we-may-sccthosedeas

represented differemiy-clsewhere. Now that we’ve clarified that distinction, we'll confuse it a bit more by
Lstartmg our discuss of modes wuh one that includes the term “control” in the title. We recognize thatitgetsa

b“ cOmp

}“1 "'f ' Y(f-« / ,(wf nNo-Y
Controlled Mandatory Ventilation Feadd 4‘,, J, Yk )
1ip ok 4 }v I

Plain old control ventilation or controlled mandatory ventilation (CMV) is a mgde qf ventilation thal.
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 in-response-to-that. 7+ =~ 7

“, ‘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:

- 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):

- time 2

6{/ tr

32 That said, we can geRerally adjust settings in :ﬁm:iﬁm%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

225,
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In the green situation, the patient is free to take a breath if (s)he

patient brea
ir delivery, angd possible

are likely to be unaffected. That said, the sachine doesn’t make any effort to fa:@z/ﬂre green breath! it just -

passively observes the patient strugglin?r/fo breath. In the yellow and red situatio

machine breaths can interfere with one Another leading to discomfort, less effecti
o the patient, so the idea moving fo

eet an expressed nﬁed. (Syn“ﬁg:ﬁe machine
¢s, facilitateg recovery, reduce negative effects of positive

damage due to increased pressures. None of this is of benefit
we need a strategy that works alongside the patient and helps
with the patient improves comfort, CoIER

ard is that

Ty . [ por ;
pressure ventnlagloor},7and gives s more cqhtrol over the managephent of the patient.
) . 4 i e’ /

; Mpot .
M%’Ol'

Assist Control (AC)

AC ventilation is a mode that augments a patient’s sponta
amount of air when inspiratory effort is detected.”” In the case wi

breaths, the machine would recognize that the patient is trying
on each of those occasions. The obvious advantage here is tha
per unit time would be met. There is, however, a difference in

With the green breath, there is space (in time

N {rirg ‘5 J{

cod’ “

ot e L

"‘0._"5-0 ) ‘ (‘ﬂﬂ /Z"")

neous respiratory effort by delivering a preset

ith the green, yellow, and red patient-triggered

to breath and then respond by giving a full breath

t the patient’s expressed need for more breaths
how each of those breaths gets actualized.

) on either side of the breath, so the machine can assist t.}:é

green breath without affecting other breaths in proximity to-the-patienteffor:
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A complete discussion of Triggers and how all that works is deferred until later on
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T_he difference between those breathy.can be represented via those pressure-over-time waveforms that
we mentioned before. Note the dip in-pressure-at the start of the second waveform as the patient breathes in—

this is the effort that gets sensed by the machine W full positive-pressure breath is then given:**
L5 elre -

A #lse sery b
D
eﬁ;o‘c' N )Cfr oY [or
Fa o }
Pl Ca 2 o et

v

>/
=)
~ A -
et~
- Ed a
— 5
44
%‘ c,
- pressure +
%
)
&
=

&

<

time - \/
>

The ide.al 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 or “pull,” doesn’t interfere or overlap with the scheduled breaths:

= time >

potentially be the case, the more common situation is a Row trigger; regardless of the trigger, however, the drop is pressure as shown

3 Now this graphic makes it seem as if a pressure chafg{ctccled by the machine leads to an assisted breath; while that could
in the graphic would occur in either case f Cee
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Moving forward, troweyée: we have the proximity of breaths (¢ consider. In the case of the yellow
patient effort, the machine breath occurs just prior and, if airway-pressuces-haven’t had time to settle back to
baseline, the breath may get missed or ignored. Now this depends on how thegrn_ q]i:se is set up and we can
generalize it by saying that the further along the breath is or the closer the px:assg returned to baseline
makes it more likely that the breath will “catch™ and result in that full delivery. There are two possible
outcomes: one 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:
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- 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:

The issues with AC mode begin when we get those red-effort situations in which a patient-triggered
breath precedes another breath. That other breath can be either a machine-delivered breath (as shown in the
initial graphic) or another patient-triggered one (as in a sequence of patient triggers~effortin rapid succession):
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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 sight 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. WeAwill discuss this further on down the

line, but note that this is the primary drawback to the assist control mode. And here's another-wayto-draw it
out: )
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- pressure
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To summarize, AC mode machine-delivers breaths at a set rate and will supplement that with full

breaths whengver a patient effort meets the trigger threshold. Upsides to this are that the increased needs of the
patient are réadily met, downsides are the risk for increased pressur:

(AutoPEEP, which we will get to later). As a general rule: anytim

move away from baseljne/f s
be vigilant and monitor both airway pressures and AutoPEEP.

ave someone in AC mode, /06 need to
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Synchronized Intermittent Mandatory Ventilation (SIMV)
4‘”&7‘ /"t );/": Tee

SIMV is alterrative 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 Typés of Breaths and
we’ll get back to that eventually, but let’s focus on the timing aspect of SIMV first. L‘eﬁ:@ﬂ to our
original idea: G
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SIMV’s method for determining how to handle the ifistances of patient effort is to break the timeline
into two alternating categories: mandatory and spontanedus 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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3 Ollie. 2015 - This video demonstrates the idea in another way by way of a discussion about “IMV™ ventilation (versus SIMV)
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As far as the difference between supported breaths (green and yellow) and assisted breaths (red), the

that supported breaths only get a little bit of help from the machine and the/assisted reaths are

fully facilitated by the machine to a target amount of air, just as in AC mode. ‘2 ported breaths are always
supported via pressure, which basically helps the patient draw a breath a little by easier;*® assisted breaths are
carried out to meet specific goals by the machine based on settings we input and can be either volume-targeted
or pressure-targeted (which we will expand on in the next section). The practical difference is that pressure
support (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 ahead of ourselves, PS breaths are often expected to be less than or smaller than
mandatory and assisted breaths (in terms of volume of air). While it may make sense to titrate PS up so that
supported breaths match the other ones in this regard, it isn’t quite as simple as increasing the PS value on the
machine. That said, there is no reason that the volume of air in a PS breath should be less than the other ones,
it’s more an issue that it often Just happens to turn out that way because the nitty gritty details as to how these

~ different Tvpes of Breaths are brought into existgnce by the machine.’’

' And a few more things abomjng mod¢” It originally came onto the scene as IMV mode (minus the
* "S™) and did not include PS to breaths-during that spontaneous period. You may see SIMV as we described it
| notated as SIMV +PS to better describe that difference. Another historical tidbit is that the mode was

. Popularized as a method of weaning or getting someone transitioned from vent life to spontaneous breathing

| after an illness or intervention — the efficacy of SIMV for weaning has since been shown to be inferior to other

1 methods. The result of all of this is that content on SIMV is often confounded by stuff that more accurately

| relates to IMV and that draws copclusions from a concept (weaning) that doesn’t h matter)in the transport
] setting. ('|4(7' d':'x ‘g IJ) ! = Pf <o P ég‘,[?n ;Z]Z;?P&‘_ )

To summarize, SIMV is a mode that both supports patient effort to_t_)rea%vga PS breaths and avoids
breath stacking by not delivering breaths in close proximity to others. More specifically -SIMV avoids the
problem of AutoPEEP tha 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
need for more air, as supported breaths are less predictable than assisted ones.
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3% Loderserto, 2018 — This series providf:?r?altemative cxplanation/Yto this concept as well as many of the others we will discuss along
the way

37

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

Now that we know about both AC and SIMV modes, the decision becomes which mode to usi for ?m %
given patient. While many folks have their preference and we could argue one over the other all da); ons
we are both blue in the face, the bottom line is that either mode cou!d ':work for_ just about any %atn;n t)\:vpe ga]k
Here's the general strategy we’ll recommend (and we will revisit tln_s idea again at t'hc v:lrry e:: “Irl ;]x: o A
about building out a profocel~guideline and putting it all loget.her).: if we have a patient choor 1
all is well, just stick with whichever mode they are working with; if we are starting from ;102 .
the settings altogether, try what our machine defaults to and then change modes if we ne

That’s about as simple as you 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 (AC vs SIMV) to utilize for
our patient. The next decision is to choose whether we want to control volume or pressure. 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 dilemma, but the general trend is that we use volume control in most cases and pressure control
with pediatrics®® or when they are especially concerned about airway pressures. Not saying this is the best
decision, just saying that's how it’s been done.

The reason for this is twofold. First (and arguably most relevant), the machines tend to default to
volume control medé unless you 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!
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38 Kneyber & 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

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
that value due to a number of different factors. Let’s see how this looks in a graphic and then we’ll hash out==

few details abeut-all-thesetemms:
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Even though the actual definition of “tidal volume™ is the amount of air moved during exhalation, we
have a specific term, in this context, for exhaled tidal volume. And we need anothef term for the value we dial
in to the machine, so it helps us to ignore the literal definition and break those twq/concepts up as we have just
shown. Td review what we discussed previously about dead space, ;hﬂfalveolar dal volume is normally
exhaled tidal volume minus anatomic dead spa(]:%which is about 2mb/kg or 1/3 of tidal volume), so about two

thirds of what we push into the system.]¥
— Now what about those other kinds of dead spac@mechanical and alveolar? As formechanical dead

\I space: this value doesn’t actually alter volumes, rather it alters partial pressures of gasses within the volumes of

air in question. Which means we don’t have to worry about it for now. For thi “discussion, let’s keep it simple:
' we already know that we want to limit mechanical dead space as much as-possible, but in the context of tidal
| volumes and the physical amount of air moved during each breM ignore it. Alveolar dead space, on the
other hand, can only partially be ignored. We can ignore calculating a value for alveolar dea space, but we
need to take actions to address it just in case (as we discussed before and will discuss again}” (ﬁf’ /

And what about that flexibility or stretch we-mentioned in our discussion of dead s‘p‘ac/e'.’ We said then
that the vent circuit has some give to it that can-Confound our approximation of the amount of air delivered. We
factor that out by assessing volume by looking at exhaled tidal volume. To say it another way, when we want to
know how much air we are giving to our patient, we look at the air leaving the lungs (that actual, textbook
definition of tidal volume) and not-at the air we push in from the machine, as there can be a notable difference
between the two. In the eventthat exhaled tidal volume is not available on a particular machine, we do need to

consider this difference and énsure that ventilation is adequate.”

9 And as we already said, this is mostly a concern with pediatric patients in volume control — see Appendix for more on that
234 -
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~ To summarize all of this: VC ventilation allows us to coritrol the amount of air we put into the vent
circuit. While we mostly care about exhaled tidal volume arid alveolar tidal volume, dialing in a tidal volume
on the machine is the closest we can get to controlling those values. Tidal volume is a precursor to both exhaled
tidal volume and alveolar tidal volume and we shoufd always make adjustments to the system using exhaled
tidal volume to eliminate the effect of dead spact when we can. While there isn’t really a need to quantify
dead space or calculate it out, it is important to keep in mind. This is particularly true when ventilating in
volume control with a machine that doesn’t measure exhaled volumes.

Next bit: when we dial in a tidal volume and move that air through the circuit to the lungs and alveoli,
the result is an increase in pressure that is dependent on the amount of air going in and how that air moves. 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 (i.e. too much air too fast) can cause damage to the alveoli. At a certain point we
can overinflate the alveoli, resulting in what we call barotrauma, and we for sure want to avoid that.

So the way to do this with VC ventilation is to monitor your airway pressures and adjust the volume
input to avoid causing damage.* We will get to the specifics as to how we do that eventually, for now 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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* While there are other parameters that we can adjust to avoid higher pressures (such as I-time and flow, if available), it helps to
simplify things this way: more volume = more pressure
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Pressure

In the other corner of the arena we have pressure control (PC) ventilation.*' In this mode, a breath
happens as so: we have a dialed-in pressure, the machine spins up to maintain that pressure, the air all the way
from 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 fidal volume for the OCDers out there). Let’s draw it out and see if we can

make it a little clearer:. / ."o'f A ”

2

/

breathing breathing breathing breathing breathing

machinc machine machine machine machine
no pressure/ at machine sghts up, machine holds machine drops off Do pressure/ at g
baseline stans P‘“h“"w preset pressure for pressure and gocs baseline, ready for WLI 4 ’,

unlil"soll_ . predetermined back to baseline round two! f
pressure is 7.“3,[’ amount of time por |

b b
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= =
" airways, lungs, pressure increasing i ; @ airways, lungs,
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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 haye in mind for what volume this patient ought to be getting with each pressure breath we
deliver. If this c:xhzf‘g tidal volume is not what we want it to be, then we adjust the pressure in the system to

get closer to our goal {mgre pressure means more volume, less pressure means less volume).

41 Meeks. 2018; Yartsev, 2019 - And we phrased it this way because there is muchydebate out there in vent world as to which strategy
(volume or pressure) is superior; see referenced podcast and article for xg inf'i?{wation

42 And if a machine is capable of pressure control ventilation it will ave a mechanism for measuring exhaled ti&l
volume:; in the previous section we noted that some machines don’t give us ﬁuf value, but those machines tend to do |
- Ve

ventilation only
[oF

=
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N _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 mea olume is via exhaled tidal volume or what the patient breathes out (which
is downstream of all that flexi

tching nonsense). 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 vplumes is huge. We'll discuss more later.*} but Just
know that this is one advantage of pressure control.

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 wc;ip(e’program into the machine.* So as
long as we follow some basic guidelines as to what a safe pressure is, thére’s not much risk of harm or

barotrauma. The downside is that we don’t have as good of control (compared to VC) over the amount or

volume of air that we are putting 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 mode
in order to avoid hyp, hypoventilation. In addition, PC ventilation makes it a little more difficult to control

ventilation (as opposed to oxygenation, WOFEDE-less referring-tokeepig the ETCOwithinTanee again, one of

those things we will get to later on), due to the breath to breath van'abili in volurr;es. The big advantage of PC
ventilation is that we avoid the high pressures that can result from VC mode.*
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4 In the Appendix

4 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?

# 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
Ashworth o Imends, cU1o

for a much more detailed discussion of how we can work towards our ventilation goals in PC ventilation
4 There are more advantages (such as how PC breaths differ from VC ones in regard to flow waveforms), but we'l] get to that swfl
later on in Types of Breaths
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Pressure Regulated Volume Control e 'M ' fo

/ { o called I oppe lin
Pressure regulated volume control (PRVC) is one attempt to get at the best of both worlds when it comes
to this volume vs. pressure conundrum. In this mode we dial in a goai for tidal volume and put ascapon
pressure, then the mac}:lr;%u'nes to give breaths to the goal volume using the lowest possible pressure and
without exceeding the we have scl | The machine makes adjustments to how it delivers each breath by
looking at previous breaths and then aﬂ]ﬂwdglwcry to add or take away volume working towards the preset
TV goal. In the event that it can’t reach the goal volume without exceeding the upper pressure limit. volume is
sacrificed - think of the * ‘pressure regulated™ part as a hard stop.
et’s visualize this over a few breaths to see what it would look like:

goal TV: 400ml “ y , i
pressure cap: 30cmH,0 t LA« | / e
breath one breath three breath five
initial breath a little less pressure a little more pressure
25cmH,0 breathtwo  50...1.0 breath four  29cmH,0 breath six
300ml more pressurc 400ml same pressure  400ml same pressurc
30cmH,0 28cmH,0 29cmH;0
450ml 375ml 400m!

#0000 do o

If it helps, we can also think of this in an algonthm—e{yle fashion where we decide where each breath
ends up in relation to our goal and then adjust the subsequent breath in a cyclical manner:

v

breath delivered

l

how does it compare to

goal?
|
v v v
not enough volume; volume at goal,; too much volume;

more pressure next time  no adjustment needed  less pressure next time

-38-



5§

b

b
ol Rykerr Medical’s Vent Management Guide
) N &gy A

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) a_“d
builds a small data set from which it decides how to deliver the next breath. So the system is actually-alittle
more refined that our crude representation.

To 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 basicallyget cut short) 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-preity

signifieantly in an effort to avoid high pressures:

/ goal TV: 400ml
y 74 pressure cap: 30cmH,0
f7s ;",#N)
_] i “‘" breath one breath three
ra Vg initial breath can’t give more
A e al)‘n-,, 25cmH,0 breath two 30cmH,0 breath four ,;‘,A i
| 300ml MOre pressure  335m) same pressure 7
30cmH,0 30cmH,0 ———T
325ml 325ml and on and with the result

that ﬁV goes down
(compared to pur goal)

3% 09 09,00

A few more things about PRVC: “pressure cap” %nakc-believc term — the machine most often uses
5cmH10 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 oyershoot 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

minute volume and mateh it to our calculated goal. \
/&’fﬂr : \,n\ '
.”\\..’.
/; (0'(“

47 Discussed ,‘n much more detail in just a few sections! (Minute Volume)
48 And limits are giscussed later when we get to Alarms
49 Maher, 2019 Jrt 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)
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. 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
most of the 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 allthe terms, these are just the basics (wth-which-youtmay
have alrcady‘becn“fg_ng't' i '

[Tar WITl prior 1o ge anual), and more will come later.

Tidal Volume

T" al volume per the textbooks is the amount or volume of air exhaled in a given breath. As _previously
discussedy it sometimes helps to break this concept up in to two distinct terms: tidal volume and exhaled tidal
volume. Tidal 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 out of the system. Tidal volume may be notated as
TV or VT, exhaled tidal volume is notated at VTe.5

Tidal volume varies by the size of the patient and the normal 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 framework from which we start when determining our initial
settings and that tidal volume can range from 4-12ml/kg 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.”'

e o s Al v
S /W Ve & e
S ¥) 5,"'/- \)L

% ;m\"f\ }"' "{WKY\"T

\.‘rv
i 5'; ;
l".ﬁ\,) i (;ﬁ

//1 |',:a"'"" '

% You often see Vt and Vte jnistead of VT and VTe, but we've opted to do it our way so that there is consistent notation throughout —
whenever you see a little “¢" after a term it will refer to the “exhaled” version of whatever parameter it is attached to (i.e. MVe is
exhaled minute volumeysopething we’ll talk about shortly)

S Davies & friends, 2016 £ thse guys offer a much more in-depth discussion of this general idea

EEsE
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Rate

Rate i
taken in one minute of ti
rate abbreviated as “RR™
rate is 12-20 and pediatric
Manual:*?

-idea-of respiratory rate amd-describes how many breaths are delivered and/ or
. Itis also known as frequency and may be abbreviated by “f.” You also may see
stand for respiratory rate.”> Normal parameters vary by age, but the typical adult

rates are as outlined on your Broselow Tape or by this chart from the PALS

Neonate 100-205
Infant 100-180
Toddter 98-140
Preschooter 80-120
School-aged child 75-118
Adolescent 60-100

Birth (12 h, <1000 g)
Bith (12 h, 3 kg)
Neonate (96 h)
Infant (1-12 mo)
Toddler (1-2'y)
Preschooler (3-5y)
School-aged chid (6-7 y)
Preadolescent (10-12 y)
Adolescent (12-15 y)

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

Awake Rate  Sleoping Rat:

Rykerr Medical’s Vent Management Guide

”

American
Heart
Association.

Mo @ why-

| ANERICAN

| ot
| NS

90-160
90-160
80-120
65-100
58-90
50-90
Systolic Diastolic
Pressure Pressure
(mm Hg)* (mm Hg)'
39-59 16-36
60-76 31-45
67-84 35-53
72-104 37-56
86-106 4263
89-112 46-72
97-115 57-76
102-120 61-80
110-131 64-83

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

53 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

(mm Hg)!
28-42"
48-57

49-62
58-69
66-72
71-79
73-84

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
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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 based on available data (1.e. no listed rate for a 9-year-old, but you could assume a

value that falls in between the School-aged Child range and that for Adolescents). Other option is to use this
chart we’ve put together based on the existing data in the PALS Chart:

Age Description Age (yrs) RR
Infant .083 (1 month) -1 | 30 - 53
Toddler 1-2 22 -37
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.

54 See Appendix for a discussion of how this chart was created
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Minute volume, also known as minute Ventilation, is the amount of air moved in one full mmutT Itis
the product of tidal volume and rate: }arnr
2 ,fﬁ"”‘f g a !
A MV =RRx TV P y g e V1D,
;! Voo 7 g1 '\ Lors tW

Minute volumc/ minute ventilation can be abbreviated as “MV" ¢r “VE" and is the primary mechanism
by which we control ventilation. We will discuss soon®* how to manipulate both tidal volume and rate to o
address ventilation in just a bit, so don’t worry about that for the moment. A normal MV for the afiult patient 18
often cited at 4 - 8 liters per minute, but we prefer to use-4 weight-based calculation so that it applies _to all

patient sizes: - 7 /)l //4 M’ fo & vy 1lO Fa
= 21 s ‘ L'[' ! .“ J”_\, " O "
M, MV~ 100mlkg (IBW) /min  ~

M
\ /

As with rate or frequency, there are times that we use a different MV goal with specific patient types,
but we will get to that later on. Last thing: just as with tidal volume, there can be different types of minute
volume. “Minute volume™ or “minute ventilation™ typically describes what we dial in to the machine, then we
tag “exhaled™ on 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.”’

?J‘#’w vt
" L,-(/\ <‘b7 x

Fraction of Inspired Oxygen / e
Fraction of inspired oxygen, or FiOz, describes the amount of oxygen in the mix of gasses that we push
into the patient’s vent circuit when we give a breath. 100% oxygen would be an FiO: of V.0; 21% oxygen or
ambient air would be an FiO; of 0.21. Adjusting FiO: is often the easiest way we can addresS an oxygenation
issue, but we’ll discuss fixing things in just a little whilq’. One thing worth mentioning at this point, however, is “
the idea that too much oxygen can be a bad thing. \:rile it may be tempting to dial the FiO2 up to 100% on all
patients, this isn’t always warranted and can cause harmh to our patients if they don’t need it. At the same time,

however, don’t be skimpy: titrate FiO; to maintain an SpO>* in the mid-to-hig%s. If there is good reason to

'519/‘
i

suspect that SpO> isn’t an appropriate measurement (such as with hemorrhage, CO exposure, etc.) or there is
another greater worry (baby in the belly of mo?nmy,{, traumatic brain injury, etcx.), e can and should give 100%.

And if we are ever in doubt, just give oxyg );10;( of the bad things take a-longer time to cause damage and the
risk of giving a little bit extra in transport ;I'ikcly/omweighs the risk. \ N

* In our section on Ventilation (+#d-R¥COy)
56 Weingart, 2010; Yartsev, 2019 — These guys cite a goal MV for the intubated patient as 120ml/kg/min and 70-1 10ml/kg/min,
respectively; we’ve opted to go with 100ml/kg/min as a starting point due to ease of calculations and simplicity

57 We do, however, make subsequent changes to address ventilation with these alveolar volumes in mind and we will get to that in
Ventilation

** Kallet & Branson, 2016 - Provides an excellent overview of both sides of the debate on whether or net-loo-much-exygen-isathing
* And we will get into the details of SpO; in our section on Oxvgenation4and-Sp0;) L
/
/ ﬁ‘ﬂ % o) -
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Positive End-Expiratory Pressure (PEEP)

PEEP describes the positive pressure that remains in the alveoli at the end of expiration. And let’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 have done so in all the sketches so far) as a net
zero movement of air where the alveoli go from deflated to inflated and then back to deflated, as so:

inhale exhale etc...
M
\\ lr‘l‘ _( |
|
e
3 R' W

> time 2

| 7
Now the truth is that we can put pressure into the alveoli and then leave semeef—éa&-p:eesu;e there to
hang out throughout exhalation (in the form of PEEP). So rather than the alveolar air sac deflating all the way

back 1o its original size, it deflates only part way:
‘ first inhale exhale next inhale elc...
Recall our previous discussion of Aiveolar Surface Area that the more inflated the alveoli are, the more

= time >
they can participate in gas exchange. And 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).

(
\ | i Y \ ‘f\‘ll ,! ‘.vf\)!
{ "y "?f \ ) \‘\’) y'} ‘v‘l \} - l.l - \'\(
th A N -
ol - (o
N R m, {),' Y,
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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: " b‘{

b

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 photo. An added benefit of this is that it reduces
stress on.the alveoli. Going from deflated to inflated to deflated to inflated and on and on can put stress on the
alveoli; PEEP decreases the differenice 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.

-45.
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To summarize so far: PEEP is a residual pressure that we leave in the alveoliMuring exhalation to both
maximize pulmonary respi:‘ation/&uring exhalation 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:

+ +

o S

g - -

& | time 2 o e PEEP (5cmH,0

' above baseline)
this baseline represents: [ 7 ‘1 /
OcmH,0 (per the machine) ‘ P \
760mmHg (per the planet)

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

more pressure
(within safe limits!)
means more gas exchange

- pressure +

look at all this cxtra
time with increased
pressure into the system

- pressure +

;
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inhale cxhale inhale exhale

4"[\( ey Clerg L
Now this is not to say that gas exchan,gg/yfﬁ existent on exhalation in the first (no PEEP) case, just
-~ 7 )
Thére

that it is augmented during the second oqé . e also other mechanisms by which PEEP facilitates
oxygenation, but those will come up shortly in the section on Oxygenation {aud-SpOxn. The important thing to
Mw is that PEEP basically acts to keep alveoli open during exhalation and that helps us utilize more

lung volume while breathing for the patient.

0 Kallet & Branson, 2016 — They explain that PEEP doesn’t necessarily “open™ the alveoli as we often hear it described, rather PEEP
sténts the alveoli open after inspiratory pressure changes (or recruitment maneuvers) open them up

fieds Ey%E
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Let’'s next take a look at downsides of PEEP Most relevant one to mention is that PEEP can decrease
blood return to the heart. ®' Recall from & prcvmus discussion that any increase in intrathoracic pressure can
impede blood flow back to the heart (and-see-image-srepreduced-betow). Because of this, normal PEEPs are less

than 10cmH,0. That said, we sometimes use PEEPs up to 20cmH:0 in specific cases and we will talk about
those later;/

\)
A :
Umrmal breathing positive pressure ventilation
-ImmHg (-1.4cmH,0) +15-25mmHg
blood return AOK

blood return (potentially) compromised &

Other negative consequences of PEEP vary widely from things like worsening hypoxia and increased
V/Q mismatch to decreased exfra-thoracic organ function and decreased cerebral perfusion pressure.®? That
said, the important thing to:géle is that these negative effects typically manifest when the application of PEEP is
taken beyond the level of t,herapeuuc 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.

\ \J L’
a"‘""agq» .'a,o 0')1( - ’
/ ( ) (),u‘ t » 1 A e
o' Clinical Analysis ment - And lgl‘i%ﬂ-eﬂ ofdecreascd CO due to PEEP isn’t so much a thing with<-euyalemie patient,

S0 we can mitigate somcwhal by ﬂulds if our patient will tolerate it

62 Coruh & Luks, 2014; Strong, 2013; Yartsev, 2019 — Refer to these sources for detailed explanations of all of those negative

consequences of PEEP
i
¢!
2597 DL
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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. A normal I-time varies by age as so:* *
| Age Description Age (yrs) I-time (s
Infant .083 (1 month)-1| 0.3-0.6
Toddler 1-2 04-09
Preschooler 3-5 0.5-09
School-aged Child 6-7 0.6-1.1
Big Kiddos 8-9 06-12
Preadolescent 10-12 0.7-1.4
Adolescent 12-15 0.8-1.7
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 oxygen gets _
moved into the bloodstream. This means that more time spent on the inspiration side of the breath cycle ({s. s
exhalation) equals better oxygenation.* With that in mind, the most intuitive way to increase time spent at
inspiration would be to lengthen the I-time. If we do that, however, we have to accommodate by decreasing
time spent at expiration or by decreasing rate. Consider seventeen breaths over one minute of time: |

60s =17 breaths ~ 3.5 seconds per breath Pt fos
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 | e )
=2.0 seconds ( A
N k& 4 #°
; \ 6b TV
\yr L { ! .
. A\D, )
\ (‘.f
7 I.J- \ * \
[ Lo N D
2 (A 3
' [ A ] ;ﬂ)’
5 .
» _
yme® 700 24 : /
’ al /
5 3 p i, )
\ ‘..f'ﬁ 9 ﬂ /} 14 = / 'Y
Ve L / ,

63 See Appendix for how we got all these numbers | . /
64 Ashworth & friends. 2018 — There is a term called “time constant” in PC ventilation that we can use to quantify an appropriate I-
time for a particular patient, but this isn’t routinely available in the transport setting and we still need a value with which to initiate
ventilation when we first get things rolling

65 Discussed again later when we get to Mean Airway Pressure
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We often represent this ratio between I-time and expiration time as an “I:E ratio” to describe t!le .amount
of time spent at inspiration in comparison to the amount of time spent at exhalation. A normal L:E ratio is
anywhere from 1:2 - 1:3¥ Let’s build an I:E ratio for the above examples:

t 0l ¢ it o in the first example, we have 1.0s : 2.5s, so our I:E ratio is 1:2.5
neir [KVZ o gl - RV .
Vrnfbise in the second examiple, we lengthened out inspiratory time to 1.5s;

’). Y g \So‘we now have 1.5s : 2.0s
( oY Skt 5) . we (almost) always write out I:E ratios with **1” as the first number,
- q P {be o1 S\q we need to simplify the ratio:
3 } simply divide both sides by the first number: 2=: 22

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

Sqto bring it back home: we had a rate of 17 and an I-time of 1.0 with a resultant L:E ratio of 1:2.5. We
wanted to irférease 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 significance of these numbers, we just need to understand the math,
how we get 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 = I.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

but we need to make this an I:E ratio #with “1” as the first number:
08,22 _ yras
0808 / -

now we have O.Eé: 2. )

And let’s summarize this all one more time and make a few generalizations: we can shorten our I:E ratio
by either increasing I-time or increasing rate; we can lengthen our [:E ratio by decreasing I-time or decreasing
rate. A shorter IE ratio means less time (in relation to the whole in/out cycle) spent on exhalation, a longer or
lengthened I:E ratio means more time for exhalation. We will talk about this later when we get to ventilator
strategies, but know that some patients can benefit from a shorter I:E ratio and other can benefit from a longer
I.E ratio, so 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. Fhe—
idea-here-is-that we want to explain in a little more detail each of the following types of breaths depicted
below:% =

Spontaneous Assis! volume Assist pressure  Pressure support
breath control control and pressure- ventilation

ﬂ reguiated volume control
|Pressure v cem—— L k .

There are three waveforms depicted for each type of breath, but our focus for now is on the firsttwo .
rows: pressure and flow, each shown over time. We sometimes hear these graphics of vent function deseripted "~ %
as “scalars,” as in a “pressure time scalar” or “flow time scalar.” The image above shows ideal scalar
waveforms, real ones as produced by a vent may vary somewhat and will be less clean-cut than these guys. But
enough on that for now, let’s move on tg each of these things: pressure and flow.

"

oo

6 Fyller & friends, 2014 (image)
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Pressure is measured by the machine somewhere between the endotsaeheat-tube (ETT) and the wye
where the inhalation side of the circuit splits off from the exhalation side of the circuit:®’

P Tas -/ 7
Lo
\ p. ,; 1 red
/
most accuratec measurement

to reflect airway pressures
would occur here

hyp;w'o ol ro 4

pressures get measured realize that all of the mechanical dead space stuff sits

somewhere in this space  between the ideal spot and the most fikely) actual spot
where pressures get meastifed — this\js generally OK for
no-flow states (end inspirafion and tnd-exhalation) and
it also allows us to visualize how these equipment things
are interfering with the delivery'of air

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

b

Another thing to mention is that the pressures we “see“or 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.

=50 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.

67 Hess, 2014 — Also provides an overview of flow, which we discuss next
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Next concept to discuss is flow. Flcy%sbasic@ﬂy‘a description of how fast we move air through the
system and is quantified in liters per minute (L/min or LPM).*®® When we describe flow, we do so at the
machine side of the system. As air moves away from the machine, however, different things can interfere with
the speed at which the body of air is moving. But since we don’t measure flow (rather we create flow and send
it out into the universe via the machine), we see all of this interference indirectly via other parameters (such as
pressures and volumes). Here’s how it looks mapped out over top of the system:

we can conceptualize flow as the speed at
which air moves down all these things
= o -

breathing
machine
\ otherpartscan  parts like this thatare  flow is produced ata
obstruct flow or uniform and smooth predetermined/ calculated

cause turbulence  don’t mess with flow too  quantity by the machine
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 lungs,
the result is an increase in pressure, inflation of the alveoli, and
diffusion of gas into the capillaries

68 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...
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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 these 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 |l J
pressure = / I | J{ ' i\q\"
\ /
flow = ‘ / V V

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 wave” flow pattern in which the
machine spins up right away 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.

And 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 common)y“used in the transport setting#} That means
we can generally lump these three types of breaths in to two grou /v e/ square wave flow and/pressure/
decelerating flow. Unless we are in VC and SIMV, we ventilate pafients with one type of breath af a time. In
very general terms: the pressure/ decelerating?:reaths are more comfortable for patients buf take lgnger to

deliver (i.e. not ideal when we need to give bileaths fast or allow lots of time for exhalation).”’ 7
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% Fuller & friends, 2014 (im
™ Qur labels differ slightly from those in the image, but we’ll hash all of this out soon

7! Gonzales & friends, 2012 — Amongst many other fun things, these guys explain how pressure/ dcceleratmg pattern may be best for
ARDS patients and volume/ square wave may be best for obstruction related to COPD

7 lyer & Holets, 2016 — And in this presentation on vent waveforms, they describe how longer I- umes may be indicated for patients

vcnted with a decelerating waveform pattemn
EXizE
%
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. As ijT the two types of pressure/ decelerating pattern breaths (PC and PS), there are a few things to
Fnenngn. First is that the pressure used to describe these breaths can either be referred to in addition to PEEP or
lnclu'm‘ve of PEEP (and 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:

additive:
" PC or PS = 10cmH,0
(4]
5 cumulative or absolute:
§ | SemfLOTEEL I PC ot PS = 15cmH,0
?‘ time 2>

The next thing to mention here is how PC and PS breaths differ. While both are given via a decelerating
waveform pattern, the mechanism by which flow is initiated-and=terminated changes things. A PC breath is
designed to deliver a full breath even with no patient effort, whereas a PS breath is designed to simply relieve
some effort of breathing on the front end of a breath. Because of this differem@ comparable titration of
pressure (i.e. a change of 5cmH>O to both PC and PS) may result in different changes of volume in the vely/ /
same patient. New-the mechanism by which this works is known as “termination,” seme-leh#eﬁparamete;;a( /

which the machine decides to stop supporting a breath and begin exhalation: e
PC breath PS breath / { ” when flow drops below a certain threshold, the
) L 4*[s/ treath cycles off

[}

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

AN

time =

|

Il;imc-)

there can also be a time limit to terminate the
breath; $eif 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 AN

- flow +
- flow +

we've shown this PS breath witha PS setting ~ © ./ )
lower than the accompanying PC breath (lower 2
- amplitude in the pressure waveform), but

| time > recognize that this doesn’t have to be the case K

- pressure +

- pressure +

73 Ashworth & friends, 2018, Bauer, 2016a — The first mentions this idea in passing in the context of PC ventilation; the second
reviews this idea in the context of non-invasive PPV (which we don’t get into here in this manual)

EEGE EEERE
O] '?. 0]
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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 “snow™ all patients!) 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 you will often see this idea discussed in terms of non-invasive ventilation
(which,we don’t cover in this manual). b,

04 sr Last bit of this section: let’s review different types of breath.as J{ relates 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 let’s just clarify
a few things and show how they vary from one to another starting with a quick graphic: s’

@ « e o
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o . 0\'@% o‘g;-ﬁ
Q‘L '5\‘6 ab(\
4\3{\ \f\c’ \5"‘ 0°° S 05 ‘99&0 B
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a0
AR |
A\ " = time 9
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Mandatory or machine-delivered breaths are the ones that we deliver via our s@t RR on the vent and to a
specific goal, whether that be volume or pressure. Assisted breaths are tnggered by patient effort and then the
machme del'?ers a full breath to match the same goal as for the machine-delivered or mandatory ones. Moving
righty’s 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 spontanéous 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 t66
eften; as we ventilate patients in AC or SIMV modes, but they are shown for comparison.

And 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 supported). In SIMV mode we have mandatory
breaths, assisted breaths (when a trigger is sensed within the mandatory period), and supported breaths (when a
trigger is sensed in the spontaneous period). In nen{fl};r mode do wc?&mutmely see spontaneous breaths,
While there may be spontaneous effort that des’t ef'the trigger (ar(d this theoretically could contribute some
to 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.”

7 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 aflera certain-amount of lime
75 But again. this doesn't necessarily have to be the case — see section on SIMV for more on this idea
76 And we realize that we've talked a lot about Triggers here, but the details m'lhat I}hs' been deferred until later on
A ¥ - 55 -
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There are three super duper i important things that need to be monitored and addressed for all venttlgted Af (ax
patients, hands down and no matter what. The order in which we discuss them here is totally arbitrary, they all

Return to Contents

i , ; =14
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. ‘ F/

bt do” wr s Y4 Fc
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Oxygenation (and-Sp©7) s 9 S( Y i bs
, ,(‘_,jk,. o o /IV. / _ 2

It may have come up once or twice before, but oxygen is pretty important stuff. Oxygen gets to tissues
via a few steps, some of these we can affect directly with the ventilator. There-are also/more complicated ways
to-manipulate oxygenalion) but let’s focus on the simple stuff for now, starting with a review of how oxygen
gets from the ambjent air to the tissues. The following is a version of a graphic we used earlier that shows
partial pressures at a few steps along the way. These pressures are for the spontaneously breathing patienk:

‘f |
ambient air: v {bge dy f~ J

PO: = 160mmHg {
, at the alveoli: 1)
PO; = 100mmHg a

e’ pulmonary capillaries:
) POz = 40mmHg

Atsetecognize that gasses will diffuse from areas of high concentration (higherpartial-pressares) to area> -
oflower concentration. So'in this baseline example, wecasconetadetiaroxygen will move from the ambient
t;/ the alveoli, and then into the pulmonary capillaries. The first way that we can speed this process up is by
changmg the partial pressure of oxygen at the start of the system. Instead of 21% of the gas mix or 160mmHg
of oxygen, we can titrate that all the way up to 100% (FiO> 1.0) or 760mmHg. This will increase the rate at
which oxygen diffuses to the alveoli, resulting in a higher partial pressure of oxygen downstream and,
subsequently, faster diffusion into the blood stream:

100% oxygen going in:
d POz = 760mmHg .
\10 at the alveoli:
¢ / {07 PO: = 663mmHg
'f,' He’ }\ :';LJ
y.0¢ (B
PL . % \} F[) ’ S pulmonary capillaries:
cO 0 N PO, = 40mmHg
T f; ’
v frEL
Y
\’ i
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l.,et‘s recap this bit and do some math: PO; at the alveoli on ambient air is 160mmHg, PO: at 100%
OoXygen is 663mmHg. To quantify the result of this difference let's apply Fick’s Law:”’

1 1 (Py—P;)xAreaxD
) Thickness
V = rate of gas diffusion across a membrane (i.e. alveolar membrane)

P1 = ingoing pressure (i.e. at the alveoli) ——s ns, yve, “"f
P2 = pressure at other side (i.e. in the blood) N Al ber
Area = self-explanatory... fed et
_ D =diffusion constant) (| » 4 M LA
Thickness = also self-explanatory... ¢* fo~ « "T%)

i 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% oxygen situations:
Vambientair = (100 — 40) x k
= 60k

Vi0o% oxygen = (663 —40) x k
=623k

That means that oxygen diffusion occurs ten times faster at 100% oxygen (or an FiO; 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, then we may
need to augment this strategy with other techniques. And also remember that oxygen molecules can cause
problems, so deliver them to the patient judiciously.”

To expand on this idea just a bit before we move on, one of the arguments against a high FiO: is the idea
of absorption atelectasis — the closing of alveoli related to nitrogen washout and the fact that oxygen quickly
diffuses into the blood stream leaving less gas in the alveoli.”” While the clinical impact of this theoretical
consequence is questioned by some,* it is worth keeping in mind. And if we do give credence to the idea, e
ways to mitigate this effect would be maintaining a patient’s spontaneous effort to breath (strategies for which
are discussed shortly in Comfort) and performing Recruitment Maneuvers (discussed much later).®'

. Ve : / .
'\‘v"q ¢ % w N / [ ke A ot o
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77 Desai, 2012 — Best ever explanation of this concept courtesy of Kahn Academy

8 Kallet & Branson, 2016 — We cited this first one earlier when we first discussed Fraction of Inspired Oxvgen
" Dunphy, 2012 — Short video that explains this mechanism and how patient effort can mitigate shiseffect ¥»-
Yartsev, 2019 — Also describes some of the other mechanisms by which oxygen can adversely affect our patients
81 Hartland & friends, 2015 — The article outlines an argument for the use of these maneuvers in certain patients (which seems
reasonabl£ to extrapolate to some of the patients we see in the transport setting)

f.of i

. 5T

' W W W Y ¥ Y 5 Y Y Y 9 Y Y Y Y U NN NN EEST—SSSS



Return to Contents

The next way we can increase ox

mechanism. as the addition of PEEP doe
Increase in FiQ,:

ygenation is via PEEP. Now PEEP doesn’t quite work by the same
sn’t much change the partial pressure situation as we saw with an

(compared to 100mmHg at
bascline/ ambient air)
SemH:O of PEEP added

(and ambient air or Fi0; 0.21) /

PO; = 164mmHg at the alveoli:
PO: = 10ImmHg

I ‘f ')
'\[)7 ME\I 3“” ( [ M e’ pulmonary capillaries:
/’ M "f“ y ﬂ\r’ s N PO; = 40mmHg
x W W
Instead, PEEP facilitates oxygenation primarily by increasing alveolar surface area, and also by
extending gas exchange into the exhalation side of the breath. We discussed that first concept back in the
section on Alveolar Surface Area and the second one just a moment ago in the section on PEEP, so no need to
redo all of that here. One more mechanism by which PEEP helps oxygenation is that it cleans up the alveolar
membrane, in a sense, by pushing out or displacing fluid that accumulates there. Think of it this way:
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So we have three ways that PEEP helps with oxygenation: it increases the surfac.:e area of t.he alveoli, 1t
extends gas exchange into the n:spnzjmy side of the breath, and it helps to physically displace fluid from the
alveoli: §oital

) yeita
L's ] X
(i
-
1. arrows emanating froni alveoli = increased size/ more surface area
\N\\ 2. stretch/ space distortion = extension of gas ¢xchange into exhalation side
\ 3. no smoking X on fluid = displacementof all that stuff
\ *}‘ A\) \a 8 p 7

u" 4 'L e
\\ !

J/
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Just a quick recap before pressing on: assuming ventilation and comfort are adequate (see next sections),
initial steps to fix oxygenation are increasing FiO; and then adding PEEP. While it is totally OK to use a
stepwise approach that titrates both FiO; and PEEP in line with one another,* recognize that FiO- is your most
direct fix for improving partial pg;as?yr%o[gogbgen at the alveoli and has very few consequences in the acute
(i.. short term) setting. PEEP,Iis especially helpful in increasing alveolar surface area and driving fluid out of

the lung may decrease cardiac output by way of a drop in preload to the heart (especially if our patient is
down orrfluids). Asxf lastly, both of these techniques (FiO; and PEEP) improve oxygenation throughout the
respiratory cycle.

The next logical step in this discussion is to consider what happens during inhalation. Changes to both
FiO; and PEEP affect oxygenation throughout the respiratory cycle, that is both on inhalation and exhalation,
but lots of our oxygenation happens during inspiration. Here’s a comparison of what pressures and alveolar
shape would look like with an FiO: of .21 (ambient air) and no PEEP, both at baseline/ on exhalation (left) and
on inspiration (right). We'll use an arbitrary added pressure of 20cmH-0 or 15ish mmHg:

\’\f\ baseline/ exhalation inhalation

*Ll t’u{.»{’ T [)
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Note both the greater pressure difference between alveoli and capillary as well as changes to the alveolar
surface (more _of it and thinner) during inspiration. This leads us to conclude that more time spent at inspiration
| f?mher maximizes oxygenation, therefore strategy number three to maximize oxygenation is to increase the I-
| tme temakeuse-of this piece-of knowledge. *| If we extend I-time long enough, it will eventually become

longer than exhalation and we end up with an “inverted I:E ratio” that might be written as 2:1. We previously
stated that we “always™ express an L:E ratio with a **1” as the first number, but we lied — the exception to that

| inverted I:E ratio. - o

The primary drawback of a really long I-time (and therefore of an inverted I:E ratio) is that it
uncomfortable for our patients and we will need to get super aggressive to maintain patient syrnichronywith the
machine. Comfort is one of the three super duper important concepts in this section, so enough said about that /
until we get there. An inverted I:E may also make it tough for the patient to exhale fully, predisposing us to that
AutoPEEP issue. Summary up to this point is that there are three ways to improve oxygenation by adjusting
settings on the vent: increase FiO,, add PEEP, and lengthen the I-time.

“Now why,” we might ask, “do we not just fill the lungs up with 100% oxygen and keep them inflated —

v

r
above). Two is that it isn’t all about oxygen } we also have to consider its partner in crime}z, arbon dioxide.

\)l Carbon dioxide doesn’t diffuse so wellin gas (as compared to oxygen) because it is a bigger, heavier molecule.

N ] The movement of carbon dioxide,therefore; is partially dependent on movement of the body of air in which it

hangs out. And that leads us into our next section on ventilation, but a few more things to cover before we get
there— HPv

, '\\; \Recall back to our previous discussions of both the hypoxic-vasocenstrctive-response and alveolar dead

space| 3( jere are times where we are getting oxygen into the system just right, but components inside the
system are out of whack and that oxygen is not beingput to good use. One thing we, as clinicians, sometimes
do to exacerbate this “thi > ptis lay our patients flat. Unless you have good reason to do
so, all vented patients should have their head of bed elevated somewhat.® And backboards (if you are still
using those archaic torture devices!) are'no excuse, just prop the whole head end up with something to get a
comparable effect. The reason whya&;e elevate the head of bed-to improve oxygenation is multifaceted, E:t it
has a fair amount to do with grayity and is beyond the scope of this discussion. ( ,\.‘, < Jr . } i
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83 While we could also make the argument that gong up on RR increases the amount of time spent on inspiration, doing so also
impacts ventilation (next section) #6 we generally don’t consider RR one of the variables by which we control oxygenation
% Spooner & friends, 2014 - This study provides evidence for head of bed elevation in all ventilated patients (except as

contraindicated)
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rul_e is when we have an inverted I:E ratio. Let's amend that previous rule to say that one of numbers in the ’/d‘;q
ratio needs to be *“1" and that it is always the first (inspiratory) number except in cases where we have an e 4'}
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we'd have a-forever-long maximum diffusion of oxygenaf i n{int lhg: ?Iorc;d | stream, right?” There are two (/L'? .
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One more thing to consider is how we measure oxygenation. Our standard tool in the field is pulse
oximetry or SpO2. SpO: uses infrared to “see” to what extent our hemoglobin is saturated with oxygen (or
oxygen-like things, but we won’t worry about the tricky parts here). The process here goes like so: oxygen gets
to the alveoli, it crosses into the blood stream via diffusion gradients of gas, 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
l _A P —
v v
0, from: ambient air to lungs lungs (alveoli) to blood I blood 1o cells of the body
insert the Hbg onloading step here!
freshly amived O, w R
+ - 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 SpO; here is 25% (1 of 4 seats filled). Fill all four seats up and we are
*“100% saturated” as\so:

A all 7 7

r /h ¥ \ ' L]
7 "5;;,/0% ’fp//z ~ {4/ 02 ~ - 02
AT s T A R Hgb
70 x w2 = o

[ y' \ﬂ‘ o ) O ' g -~ ~

2TV, v 0 0,

e -_,{//

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 versus an SaO: for “arterial” or an SvO- for “venous™). This
means that if blood isn’t getting to the periphery where we have our little probe attached, numbers may not be
accurate (and one way around this is to always confirm a good qualitative waveform before believing a
quantitative value the machine gives you). . { ) Sl
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One last summary before moving on from oxygenation. Oxygenation is one of t};eée three super duper
important things. We measure it via SpO», which tells us how filled(up with oxygen the Hbg (attached to
RBCs) in the blood are as they move pa whcrevs; we have attachefl the SpO2 probe. To get a better number
(or improve oxygenation) by moving o ﬂgﬁ the vent interfaceYwe have three options (and we typically do
them in this order): increase FiOs, add PEEP, lengthen the I-time. All that said, let’s not forget the basics:

position your patient appropriately and make sure ventilation and comfort are addressed simultapeoqsly (see

next sections). r\y
> e oot Ue 1F "5, 11 He 2o (‘ .

Ventilation (am;tm) et f{Of = Uratle]

w‘; (&F 'gflf HV)
Next super-duper important thing is ventilation. Ventilation refers to the movement of air in and out of

the system as we/deliver breaths and allow exhalation. As discussed before, this is vitally important for the
movement,@ﬁﬁ)f carbon dioxide. Too much carbon dioxide hanging out in the lungs with no escape is bad
news, so we can't just focus on getting oxygen 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: caleulated minute-volume and

A

tm

S R .

/ If we math it out, our minute volume goal for the typical patient should be:®’ ("v ¥ § D6 slal ,

’\“, M/A /rl A ”// /n

HXY 9 MV §100m1/kg (IBW) /min - o U5 oo ity af?
30\{ (’.#As.z( ey e of 4197n (arge?

This number vaﬁ:s 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 and-reported-by the vent) is great way to ensure that the
patient’sainimum needs are met.

Concurrently, we also use EtCO> to monitor ventilation. When the body uses up oxygen at the tissue
level it kicks back COz into the blood stream. That carbon dioxide 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
oxygen moves through the system:
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85 And we discussed where this number comes from previously, in the section titled Minute Volume
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46‘ e value we get on our quantitative EtCO reading is a function of all of these factors. It gets a bit
complicated, but the standard approach to managing ventilation with EtCO: is to use a base range and adjust
minute volume (which isa functien-of bt RR=and-FV) to get the quantitative value within that acceptable
range. Normal range for EtCO~is 35-45mmHg; values above range require an increase in MV to “blow off”
more carbon dioxide, values below range need you to read the next paragraph carefully.

A low EtCO; can be caused by a few different things, one of which is hypcrvcntilatio/tp h

ventifation. This can be detrimental to a patient, as an alkalotic state (due to too much #idat-vohime 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 EtCO: could also be due to a breakdown somewhere else 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:z 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; byitself- There are times when we will be a bit off with MV and others when our
goal range for EtCOz varies, but thle.‘~ sjy)s}gp'n of dual parameters to evaluate ventilation is a safety check to
remind us of all the factors ryentitation. So to summarize: we measure ventilation using both a
calculated MV@] and EtCO,. MV goalis 100ml/kg/min; normal EtCO- is 35-45mmHg.

And one final point before we move on: when faced with the choice as to whether we should manipulate
RR or TV to effect a change in MV, here’s what we recommend: to increase MV, utilize TV first; to decrease
MYV 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
450ml:

:‘\ Anatomic )
. Dead Space
pre # s .
™V
w A RIE
Alveolar TV

J

TV 450ml MV = 6750ml/min
- Anatomic Dead Space 150ml x 15/min

Alveolar TV 300ml VA = 4500m}/min
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' Now assume we need to increase VA (whi ’ 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 stress 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

x 16/min
Alveolar TV 300ml VA = 4800ml/min MV is different
: (i.e. more dead space in Case One)
Case Two: Increase TV
TV 470ml MV = 7050mU/min VA is the same
- Anatomic Dead Space 150ml % 15/min
Alveolar TV 320ml VA= 4800ml/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 and less dead space. As we said before, either strategy (titrating RR or TV)
1s 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 rate and weight-based TV) and then titrate it as we go to an Ef€O; foal.
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86 More breaths means mpfl;e %TaDP (a made-up term discussed in the Hypotension strategy), an extra inflation/ deflation cycle, and

subsequent stress on the/alveoli (discussed already in PEEP and again later on in Driving Pressure), and potentially some patient
(yg;mfon (see next thion on Comfort)
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The third/spufer duper importanﬁparameter that we need to consider with vent management is patient
comfort.¥’ [f IF-patient is not comfortable, (s)he may be“fighting the vent™ or “out of synch” and the
Fherapeutic effects that we want to achieve will be more difficult to attain.) This asynchrony can also lead to
increased airway pressures which leads to more problems downstream. And one more thing: it’s kind of rude to
shove aﬁg plastic tube down someone’s throat, take over their respiratory function in a way that goes opposite
to normal physiology, 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.

We won’t spend too much time on the subject of pharmacology, as the main focus here is on
manipulating the vent itself, but recognize that analgesia and sedation are two different things and that we need

/ ror. . to treat them both.* Also recognize that paralysis should be a last resort for nearly all ventilated patients, as it

s le
!

effort’and we like to maintain that whenever possible.*

prevents us from actually assessing and evaluating our patients. And on that same note: while do want our
patients to be comfortable, this doesn’t mean that we “snow” them all or take away any inherent respiratory

1(. 705 ” eféc;?}a‘rder to achieve this goal. There is benefit to ventilated patients making some intrinsic respiratory
b

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

TABLE 1. NONVERBAL PAIN SCALE
Category

A<

\ it
* / NUF
LARR ,
~ ()

(\\\' \ ¢ 0 L] 2 }'//V
of \ L
AN MY

e (f facn No particular Occasional grimace. tearing, Frequent grimace, tearing, —

C \-. / expression or smile frowning, wrinkled forehead frowning, wrinkled forehead

t J \ 2 g 7/

\ ( Bl
& s Seeking attention through / —
RS Activity Lying quietly, normal Restless, excessive activity and/or ] e

/RN movement or slow, cautious /L
(movement) position withdrawal reflexes d

mavement J(
Lying quietly, no \
Guarding positioning of hands Splinting areas of the body, tense Rigid, suff /:’C
over areas of body - 4
Change over past 4 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 past4 h) HR > 20 beats/min, RR > 10 HR > 25 beats/min, RR > 20
breaths/min breaths/min
Dilated ils, perspirin,
Physiological It Warm, dry skin Pupis. p 4 Diaphoretic, pallor
< flushing
D‘{ | o
\Y" * 1 Defintion of abbrewviations: HR = heart rate, RR = respiratory rate, SBP = systolic blood pressure
1\ )»’ Df Reprinted by permission from Reference 15
\
{
]
, W ’( 4 ) AR b ders
3 oW ,-’yf./yz, AL TES”

=

2018 — This article is a lit review of lots of different papers on comfort in mechanically ventilated patients; while

stam & friends
much is stuff might be hard to relate to a patient we intubate in the field on a scene call, lots of it can translate to the interfacility

8 patel & Kress, 2011 — We've also taken the graphics for the NVPS and RASS scores from this article
8 Mauri & friends, 2017 — Discusses how to navigate the benefits of spontaneous breathing in the vented patient with potential

transfer side of things

consequences

%
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v
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Score Term Description

+4 Combative Overtly combative or viclent; immediate danger Lo stalf

+3 Very agitaled Pulls on or removes tube(s) or catheter(s) or has aggressive behavior toward staft
*2 Agitated Frequent nonpurposetul movement or patient-ventilator dyssynchrony

+1 Restless Anxious or apprehensive but movemnents not aggressive or Vigorous

0 Alert and calm

Not fully alert, but has sustained (more than 10 s) awakening, with eye contact in

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

Does patient have behavior that is consistent with restiessness 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 to voice, excluding eye contact (score, -3)

If patient does not respond to voice, physically stimulate 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)

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

Reprinted by permission from Reference 105

/ Let’s imagine a hypothetical scenarijo to get into the details on this: we pick up a vented human from a
hospital; it’s obviously uncomfortable anr/]/out of synch with the vent, so we address ventilation and

/| oxygenation (per pin/or discussions) and then give our preplapﬁed analggsja/ sedation’combo and are on our
way. Now we arg/cruising along, referting back to our chosen sec?nt/i.on' scale reference card to find that our
patient is becoming mote uncomfortable - what do we ;140? Most.dbvious is pharmacelogic inte/rvention. that’s
often what we reaeh to first and is 4 totally acceptable move. But there are/ol'her things we cah do on the
machine that may pot have the negative consequences/ adverse effects that the drugs do.
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One parameter that we’ve discussed previously is 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.
Switching modes may also help in this situation. We mentioned this already, but breaths are delivered
differently in different modes and sometimes one may feel better to the patient for whatever reason. And lastly
we can consider adjusting our Triggers to make it easier for the patient to take a breath when (s)he wants -

more on that to come.

So last summary here and we’ll include all three of these super-duper important parameters that we need
to address on all of our patients hands dows and no matter what. Comfort should be assessed using an actual
scoring tool and can be fixed with'koth dyigs and vent manipulations. Oxygenation is measured by SpO: and

gets fixed by increasing FiO2, addin
(comparing it to a calculatqd goa
increase TV and then RR t9 i
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EP, and lengthening I-time/ Ventilation is evaluated by looking at MV
tCO,, we make adjustmengs to RR and TV to manage ventilation;
rease MW, decrease RR and then T} to decrease MV.
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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 §;parately than the values previously discussed because they are
dependent on other things —/Lve e dial them into the machine, but rather we measure them to assess
how things are coming along with the values we were able to control. To help clarify these ideas, which are all
interrelated, let's refer back to an image we previously discussed. It shows pressure we put into the system over
time as a breath is delivered in volume control ventilation:

pA
f %\\d

time =

|, J i [’"3/
We previously used this graphic to demonstrate a lbgg:mps:n“:gaoul, but it is now worth

mentioning that this wave\fj)_nzn and the two subsequent concepts (peak ’inspiratory pressure and plateau
pressure) apply to velumesentrol ventilation. Let’s first get things clarified for volume-eentred-ventilation and
then we'll talk about how these concepts carry over into pressoretantrol ventilation.
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Peak Inspiratory Pressure®

/ PIP
+
2
=
]
5 & | time >
\ [‘ ) '
Il
\p AR )
Peak i{lspirato ressure (PIP) is the highest point on this waveform. It represents the maximum
pressure as we deliver a breath into the system. It is also known a #peak press peak). PIP is a function

of both how we deliver a breath via the machine and how easily that breath can get from the machine down to

the alveoli. A normal PIP is <35cmH0. /An isolated PIP that is too high generally won't cause damage to the
patient, rather it likely indicates sm:z‘ﬁ%g gone wrong in the system. This is particularly relevant when we
have a normal PIP that then becom

#levated — 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 Types of Breaths)
essentially describes how fast we push air to achieve a breath. We generally don’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 it gets complicated 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 mﬁiﬁ&m&things like secretions in the ETT tube, bronchospasm,
patient discomfort, mainstem intubation, pneufnothorax, 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 pneumo thorax
shou‘d lead to decompression; on the other hand, a high PIP due to a small ETT may be acceptable. The PIP in
this,\cé’éé represents pressure due to the ETT and not the patient’s anatomy, so we may decide to leave it alone

p )/J(es;iecially is there is good reason for that small ETT, such as airway swelling).
4 ‘.‘
-

o,
wiTi0w

Another consideration here is patient comfort and 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 less-uniferm-and more chaotic and result in higher
pressures. Keeping our patient comfortable and in synch with the vent leads to more uniform (i.e. efficient) air
movement and lower PIPs. Morale here: make sure your vented patient is comfortable. And if you notice an
increase in PIP, comfort ought to be one of the things to consider.

% Nickson, 2019a — Short article that provides another good review of both PIP (this section) and Pplat (next section)

91 But for the curious folks out there: in VC flow is determined from TV and I-time; in PC it is a function of pressure and I-time; with
PS breaths it is a function of “rise profile” which we will hold off on discussing here

92 And one part of how we do that is by assessing Plateau Pressure (next section) —and we have this all drawn out in a flowchart
later. but first we need discuss all the terms and concepts first (see Watching Pressures if you just can’t wait!)
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To measure PIP we simply need to Jook at the vent display. Most machines will either give you the
value of PIP or show a Hfie barometer SP&Tts that fluctuates with each breath — PIP is always the hxghest value
that comes up during a breath. Another way to keep an eye on PIP is by setting an alarm s0 Wls
at you when a certain pressure is reached. This is similar to the-idea-of setting your SpO; alarm during an RSI
so that the monitor alarms when your patient desats and you know to stop tﬁ?ﬁtfe’mp—t‘an‘d‘reoxyg‘ma. te the
Mhat said, there is one critical difference with a high pressure alarm on the vent: yes it wdl.tell' yf:)u t.hat
the pressure has gotten too high, but it will likely (depending on model) also cycle off the breath it is giving in
response to that high pressure alarm. This can potentially kill your patient and we will get in to that a bit more
later on.*

So in summary, PIP represents the maximum pressure as a breath is delivered by the machine. A normal
value is <35cmH:0 and we measure it by looking at the feedback on the vent interface. Potential causes include
too much air, t% much flow, small ETT, kinked ETT, patient discomfort, secretions, pneumothorax, mainstem

ETT placement, bronchospasm, andm While there are subtle ways to addres/s, PIP on the
vent, interventions should focus instead on airway issues and comfort. v )/ 7
J°
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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 30cm H0. 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 maximiz;i}g the surface area of alveoli
and therefore oxygenation may not be at its best. And we will discuss this concept later on.*

The primary cause of a high Pplat at the start of ventilation is too ich tidal volume. That said, it can
also be present or develop over time due to patient discomfort, Sﬁﬁ%‘ pneumothorax,
mainstem migration, and inhibition of chest wall expansion (such as in bluns).” If we get a high Pplat, it is

worth considering these other causes (and addressing them appropriately!) before 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 will likely lcad\torda{nage to the alveoli.

an ‘q f\ )

e . SR A _.
93 Conveniently enough, this is in the section on Alarms 7% ’
™ See Titrating Up on V4e¥™\ T 7 ( e Mg 7 1.
% Cevered faitt in e section (% )
% Recognize thal some of these were also on our list of causes for high PIPs, but not all of those high-PIP things will cause a high
Pplat
*" And we will revisit this idea in an algorithmic fashion in the section called Watching Pressures
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Measuring Pplat is little less direct that measufing a PIP and involves what we call a “maneuver. There
are two maneuvers that we will discuss and this|is (He first of them. While we could theoretically watch the
barometer on the machine and wait for that poin ’uring inspiration where pressure stays constant fora :
spell, that amount of time is quite shoyt and this 4s logistically difficult to accomplish. The workaround is to
prolong inspiration via a-maneuvergafed an ‘)llinspiralory hol@! and allow the machine to measure that pressure
accurately. It would look somethirtg like this:

Pplat

i

time =

- pressure +

We perform the inspiratory hold maneuver (in whatever way is appropriate for our particular machine)
and the Pplat either pops up on the screen for us or we have enough time to read the value from the barometer.
Easy enough, but when and how often do we do this thing? There isn’t a universally accepted frequency for
measuring this (or any of the other pressures discussed in this section), but it seems to make sense that we just
add them on to our reassessment of vital signs (so every 5-15 minutes, depending on the program and patient
acuity). While that may be overkill, it’s better to measure too much than to miss things due to not checking
often enough. At a minimum, Pplat should be measured after 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).

One last thing about Pplat is that the value we get is an average of alveolar pressures across
the lung.—;/ome regions will experience higher pressures, others will experience lower pressures. The lung is
not uniform throughout, but we can’t ri measure alveolar pressures in specific lung regions or see to
what degree this value would vary across rhe different parts. The safe limit of <30cmH-O is a good guideline
by which to limit our vent settings, but recognize that this doesn’t mean that a pressure higher than that to one
alveolus or a region of lung will always cause harm. Likewise, a Pplat <30cmHO is not a guarantee that

i~Gamage will not be caused to some region of the lung.

\

\

In summary, Pplat is the pressure seen by the alveoli when we deliver a breath in volume control

/ ventilation. A normal value is <30cmH:0 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

\
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9% See section on Watching Pressures
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AutoPEEP

AutoPEEP is the idea of PEEP being cumulatively added into the system inadvertently. Remember how
we said before that we assume atmospheric pressure to be 0cmH:0 as the starting point for our vent discussions
and that PEEP is the addition of pressure on top of that (i.e. “adding Scm 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 bascline before the next breath comes
around. This idea is commonly referred to as “breath stacking™ and_might be represented like this:

* AutoPEEP

(2]

3 PEEP I

B v v

= | ™ > pEEP (ScmH20 bascline elevated with addition A utoPEEP: difference between
above baseline) of more pressure above PEEP  yhere we end up and preset PEEP

Normal AutoPEEP is zero, i.e. we shouldn’t have any AutoPEEP in the system at all. Presence of
AutoPEEP in volume control can lead to an increase in other airway pressures, most importantly of which is
Pplat; AutoPEEP in pressure control can result in decreased VTe and MV:

/
] el
/ * AutoPEEP $
{;_w'“ 5 | PEEP PEEP |
o & time =
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|
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TV = area under the flow time waveform
less AP = less flow required = less TV J
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To measure AutoPEEP or to check its presence, we have to perform another maneuver called an
Xpiratory holdr\m Just as with the inspiratory hold for plateau pressure, doing an expiratory hold allows us to
accurately see what the real-timve-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 mmsurcd duf ng
the hold. : D"F}*—Eﬁﬁ-_—__&:—’- e L

If we do have AutoPEEP this means that something is getting in the way of the patient c.xhalmg, 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 ta obstructive processes that get in the way of effective exhalation (1.e.
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.
Simply allow the patient to exhale and then reattach the circuit (and most likely cancelling out a bunch of

alarms in the meantime!). Just to make sure we understand how this works, let’s draw it out as a waveform
over time and label things along the way:

disconnect the circuit PEEP back at

I"td : f \

AutoPEEP builds up reset to “zero” reattach circuit
<o ”" h - "

To brmg it all home AutoPEEP is a movement of the pressure baseline above whatever we have dialed
in for P% U;sw:s with this are mcrcasetép W (volume control) or decreased volumes (pressure control).
Causes inchude inability to exhale fully, agsation, and inadvertent triggering. Fixes include extending the
amount of time spent in exhalation (shorter I-time,'®' lower RR), treating discomfort, and avoiding accidental

; triggers. In addition, we can reset AutoPEEP back to zero by temporarily disconnecting the vent circuit.

initial setting

i

~

% There are other ways to check for AutoPEEP. but they aren’t typically available in transport unless we have access to scalars or
waveforms

100 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

101 And we mentioned in passing before that using VC ventilation may help us get to shorter 1-times due to the nature of the “square
wave" flow pattern — that was in Types of Breaths and we’ll get back to it again in Obstruction
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PIP & Pplat in Pressure Control?

_ Up to this point we’ve discussed PIP and Pplat mostly in the context of volume control ventilation, but
things are a bit different in pressure control. Let's start with what a pressure control breath looks like mapped
out as pressure over time: X

g i gt

. TJPS p{k pressure into the
= system stays constant
throughout the breath
+
:
o
& | time >

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 doing —a
' hiccup, patient movement, speedbump, etc. The machine won’t intentionally put more pressure than what we

°" have digked, but a PIP higher than the set pressure control can occur. So while we may still set a high pressure

alarm and monitor PIPs in PC ventilation, our concern is more for being aware of disturbances to the system
rather than being aware of changes to air flow (i.. obstruction), as was the case in VC ventilation. '

Next thing: it generally happens that the average 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 pressure control 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 volume control)
is to rule out high alveolar pressures (to ensure the safety and wellbeing of the alveoli); in pressure control if
Pplat doesn’t match pressure control it’s because true Ps)lat is less that the pressure control (which is a bummer,
but not a safety concern for the ;l’lveoli ) wed veid (Huce

Now the fnechanism of it alljis that it takes time for the alveolar pressure to rise up to match the pressure
going into the system. Even though we start with a high pressure at the machine end of the system, it may take
some time for that pressure to equalize down to the alveoli. If our I-time isn’t long enough to allow that to
happen, the alveolar pressure (or-piateaw-pressare) may not ever get up to the level we have set for pressure
control. We work around that in volume control by performing an inspiratory hold and waiting for as long as
we need to in order to see that pressure even out. We don’t always do that in pressure control because. as we
said just a moment ago, the plateau pressure won’t be above our pressure control value and so there isn’t so

much of a safety concern.

102 [y PC ventilation, we become aware of those obstruction issues by monitoring VTe and maybe flow (if available on our particular

machine)
103 pecs, 2014 — Another way to say this is that if flow gets to zero during the inspiratory phase, then PIP = Pplat
£74~ : . .
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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 lml;{l/d on
our machine in pressure control, we can get a partial picture of thingy by looking at flow. Pressure con

breaths start with a higher flow that then drops down towards zero throughout the breath. While it may be
hard to see with quantitative values on your machine (unless you cgn/view waveforms), if flow doesn’t get
down to 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: / - }ff’ "}0/" '}m \"

breath breathi
normal ":;“::g not normal m:m:lg
Y 8]
N that doesn’t happen. .. P
flowendsup A% poccure from & < ssure from
P pre
back at zero machine. .. ‘ machine. ..
+ x +
B O 2
= time - 60‘“9" @ [
7 time =
2 ...equals pressure ...doesn’t equal
at alveoli i pressure at alveoli
(3]
a {0\\‘9 g & O
1= mec :
, | time = _~— , | time > gy, W

All that said, this isn’t a great method unless you 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.'* » sndr Ky,

So what utility is there in knowing alveolar pressure (Pplat) in pressure contro}dnyways? We said
already that the usefulness of this information in volume control is to guaranteeﬁéfc’t} of the alveoli, but that
isn’t an issue in pressure control. Potential uses of knowing a Pplat in pressure control'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.

Hlmd

104 Mojoli & friends, 2015 ~This short paper assesses the efficacy of these alternative methods of measuring Pplat (and also delta
pressure)

193 In the sections Compliance (and Resistance) and Driving Pressure
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Mean Airway Pressure

Last pressure to talk about is mean airway pressure. It's typically represented as Paw (stands u:(r: jl;woi)t/
pressure) and less often as MAP (mean airway pressure). Py is 'the average pressure m'the s;,rs::.':')nfrof . Ogur
the respiratory cycle. There are formulas to estimate Pay,'” but it's pr'obably easiest to Jyfst rea o an o in
machine (assuming it’s there). We don’t often use this pressure to guide treatment, but 1t we noti :
the mean airway pressure we can then look into details as to whgt changed in the_ sys-te:m'E Gﬁsu-lt-tn-ihﬂta“ el
outeeme. For example, a high P,y can result from all sorts of thlpgs, each of which is a to lh:rn "y
an increase in either PIP or Plat, the presence of AutoPEEP, and mc‘:reast.ad rate. A'l{]id samsce g
end, lots of things can cause Py to drop and we then must work to identify a sgecnloc; c;:d(. o discussion of
One other thing aboyt P,y is that it is strongly corrcllated w1th.oxygena_1t10n. 5 o eston
Oxvgenation e talked about how PEEP and I-tlmF contribute to lmpl'ovt 0:1% o pre.ssu]-e e
‘either of these things leAds to a higher P, so it can help to think of pxygenahox;l mr :;::I ey
" Fi0Oa. Just recognize that too much of this good thing can turn bad (i.e. too muc tizn e bt
outcomes, as previously discussed). And while we cpmnpnly separate c}xygt:nads g, o
(as we did previously), it may be worth keeping this in mind as we look for tren p

time 2>

| Fom j/af'J
7

1 i i | ) i l t .t ‘ i s i
06 Mentioned in passing in he section on Hypotension, then de Stration via ca]culatul)_ns to justify that strategy in the Append
i in pas sing i ectio Yp slon, ; : e App X
|° gjglrsl crt ‘1201 8 —l &Iﬁ;ﬂ! :xplanalion of this relationship between Py and oxygenation
[ 7 l_ “ O L

}l“-yﬂ’ nr
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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

HADEE = e
compliance AP  (Pplat — PEEP)

While a normal compliance (healthy and breathing spontaneously) is somewhere in the neighborhood of
100ml/ecmH:0, we often see values much smaller than that in our ventilated patients. The best way to utilize

o ﬂ{ compliance during transport is to keep track of trends: increasing compliance is good, decreasing compliance is

ok

bad. If we do something that results in poorer compliance, maybe second guess whatever that change was; if
we do something that results in better compliance, high fives are warranted. Acute causes of decreased
compliance would be a worsening pneumothorax, inhibition of chest wall expansion, chest wall rigidity caused
by certain medications, increasing VT or PC beyond the capacity of the lungs at that given time, etc.'”

A related term is resistance. Resistance and compliance are often discussed together under the umbrella
term of “‘respiratory™ or “pulmonary 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

18 Trainor & friends, 2019 — This video reviews both of these concepts in a very succinct and straightforward way

199 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
' And all of these high PIP, high Pplat situations will be discussed in the section on Watching Pressures

a

=P
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Resistance, in this simplified manner, is the limitation to air movement that must be overcome in order
for us to 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 petenti-causes

of increased PIP and unchanged Pplat correlate with an increase in resistance:'""

L
. / W / ,[
tPIP & tPplat 1PIP & samc/ unchanged Pplat I.) U;ll + f'f A
P ad, Wi Yol ™ - \f‘f‘s 2 (e
lung issues airway issues .\.J Q' P )
abdominal distention/ ascites aspiration <y ;

atelectasis bronchospasm \JH

AutoPEEP ETT occlusion W } ‘
chest wall burn secretions ' -

pncumonia \_/ I(//‘ 3 l le [
pnecumothorax resistance issucs f '[ / bre

compliance issues

pulmonary contusion
\ pulmonary edema / \

And we mentioned already that the alternative strategy in PC ventilation when we don’t have PIP or
Pplat to guide us is to look at VTe and MVe to gauge when these typ@551 things are happening (a drop in
volume will indicate a change to resistance or compliance). We can also look at a quantitative value for
compliance (if available to us on fvhatever machine we are working with) or see how flow is changing from
breath to breath (most transpert vents automatically adjust flow With changes to resistance and compliance; less

flow equals more resistance and/ or less compliance). :
comh Phat fJg,

W V< f{'s"*:"im- d J./.b.,'nm

i L\ ' W

/ 0,,13\! '.I & A g
(R

T

11 Cassone & friends. 2019 — And we will expand on this in Watching Pressures
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A General Vent Strategy

In this section we are going to simmgtize general parameters in each type of ventilation (i.e. each
combination of mode and control) ¢ to demonstrate what settings and goals are shared among all
methods and which are specific to certain fypes of ventilation. This general strategy is similar to what is often
described as a “lung protective™ strategy that first came on the scene in regard to management of patients with
Acute Respiratory Distress Syndrome — 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 = 100ml’kg (IBW) /min

If we choose a TV of 6ml/kg and our goal is 100ml/kg/min, then our calculated rate is 17:

MV=RRxTV
100ml/kg/min = RR x 6ml/kg
100smbeg/min + 6mideg = RR

~17=RR

Likewise, if we go with 8ml/kg our initial rate (to match that MV goal) comes to 13 per minute.
Although it’s not uncommon to see recommendations for an initial rate of 10 to 12 with adults, calculating a RR
based on a MV goal is our preferred strategy There are often good reasons to use a lower RR, but we’ll get to
those later. wh

Moving forward, if we have a range of TVs to choose from, sometimes it just makes life easier to pick a
nice, even number. For example, with an 80kg patient we end up with a TV goal range of 480-640ml and a MV
goal of 8L; it’s a totally legit move to choose 500 or 600 or any value in that range. Just recognize that if we
pick a higher value for TV, we may want a lower value for RR just to keep our MV approximately the same.
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 choose a 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. l)
, | O
[ ‘»\l()t I51¥ 1% (e

J JA(/ RJ[, \

J ¢ ¢
[\BW ﬁ% : . f p £ \{ff\)[
(A T /Azf P e
| y \’ b -
| X/% QL Y(} { %

112 That will happen in the section on ALI/ ARDS

I3 Note that some patients do require different goals and we will discuss those shortly in Specific Vent Strategies; also, refer back to

sections on Tidal Volume and Minute Volume for a d{scusjrm of these suggestions
e

-79.

L L L a0 00080000Q00¢CC¢CRC¢ %A%



PIDDRDILND000000000000003404034513143444854848%44

Return to Contents

. As for .kiddos, the pn&eﬁedﬂimn_ strategy is to choose a rate in line with a reference card and disregard the
ddve suggestion of 13-17/min. While this will result in an overestimation of MV,''* we can titrate values to
address that later on. For example, let’s assume a 4-year-old kid of 18kg. Based on this chart (again, from

’J’llh!\

PALS) we want a RR in the 20-28/min range:''*

You can also use this chart based on the PALS data:''®

PALS

Vital Signs in Children

Neormal Hoart Ratss® (beata/min)

Age Awake Rate  Slesping R
Neonate 100-205 90-160
Intant 100-180 90-160
Toddier 08-120 80-120
Preschooier 80-120 65-100
School-aged chid 75118 £8-90
Adclescent 60-100 £0-00

% Amenican
Heart
Asseciation. | S{RITR AL CAML
Lt

o

Systolic

Pressure

{mm Hg)

Bath (12 h, <1000 @) 39-59

Beth (12 h, 3 kg) 60-76

Neonate (96 h) 6784

Infant (1-12 mo) 72-104

Toddier (1-2y) 86-106
Preschooler 3-5y) <@

chad (-7 y) 97-115

Preadolescent (10-12 y] 102-120

Adolescent (12-15y) 110-1

3

AMERICAN,

AT

Age Description Age (yrs) RR | I-time (s)
Infant .083 (1 month)-1 | 30-53 | 0.3-0.6
Toddler 1-2 22-37 | 0.4-0.9
Preschooler 3-5 20-28 | 0.5-0.9
School-aged Child 6-7 18-25| 0.6-1.1
Big Kiddos 8-9 17-25 | 0.6-1.2
Preadolescent 10-12 14-23 | 0.7-1.4
Adolescent 12-15 12-20 | 0.8-1.7
Adult 16 and up 12-20 | 0.8-1.7

afn A E). 3

/
114 Because TV (or TV goal in PC) stays the same
115 American Heart Association, 2016 (image

116 And see Appendix for an ex
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And let’s take these values and do a few calculations as so:

TV =6 - 8ml/kg IBW
TV = 6 - 8mlx/I8kg
TV = 108,7%,-&4111)
\/f
MV goal = 100ml/kg (IBW) /min
MYV goal = 1800ml/min
MYV goal = 1.8L/min

MYV calculated = 2
MV calculated

>

—

The result here is a MV goal that differs pretty significantly from the calculated MV, butsvhat to do with
this information? We will eventually want a MV (preferably measured as “‘exhaled”) that naehes our
quantitative goal of 100mUkg/min and also gives us an EtCOz 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 aﬁer ventilation. This
overestimation is particularly important-and maybe even llfesav ide to ventilate a kiddo in volume
control mode. There is always some dead space that we mtmd to the system and this overestimation will

help to mitigate that.""”

: ft\ 60!

L N S
‘J. n'.",-l)} LG 1\(
) > U“\-\
[ 0'\
V < oA I
f‘ t

1" To see this all spelled and drawn out in detail, refer to Appendix
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So we have TV, MV and RR all sorted, both for big people and small people; next we need to consider
the other parameters that are constant between modes and control methods, then we will talk specifically about
those things. Let's put it into a chart just to make it easier to visualize. And this chart is basically a summary of
th-e section Vent Parameters, Round One — for review of the specifics of any of them, just refer back to that

bit; J\av" oy
Parameter Value Pro Tips
vV 6-8ml/’kg I 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
R (75kg IBW = 7.5L MV goal)
RR Adult: 13-17/min Carry a reference card or have an app on a device' ¥ to quickly
Kiddos: use a chart reference the pediatric values
FiO; 1.0, then titrate down You can titrate down in big jumps also, no need to go in small
increments unless you have good reason to do so'"”
PEEP 5-6cmH20 For most vents this will be whatever the machine defaults to
I-time . Adult: 0.8-1.7 Normal for the adult is 1.0
Kiddos: use a chart

118 pedi STAT — Great resource for quickly referencin

"% Weingart, 2010:

Lodeserto, 2018 — Both recommei

_ we can always titrate back up if need be, but if all 15\
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starting at 100% and then dropping down to 40% to see how the patient does

wﬁﬂi we just leave it there (or even keep titrating down)
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Xt step is to look at what extra parameters need dia

pmihod of control we choose for our patient. As
yiaany method of control, so long as we know what

imon the machine depending on which mode
said before, we can ventilate any patient in any
0 monitor for depending on what we choose.
are ventilating a patient in PC or SIMV ( Vi,tqcPS),,.it‘s OK to just start out with the defaults on
achine we are working with and then l'«t\tiuwg\fmm there Mve do so in a timely fashion and
with our ventilation goals in mind. Let's draw it all out in another chart: 'fa-"’( \s
T\

Additional Parameters'>’
AC Volume None

SIMV Volume Pressure Support — start at 5-10mmH-0 and titrate as needed

AC Pressure Pressure Control — start at 10-1 SemH>O and titrate to TV goal

SIMYV Pressure Pressure Control - start at 10-15cmH-O and titrate to TV goal

Pressure Support — start at 5-10mmH:0 and titrate as needed
ACPRVC “Pressure Cap”'?! — set to 25-30cmH-0

(often by setting high pressure limit to SemH20 above what we want this to be)
SIMV PRVC “Pressure Cap” - set to 25-30cmH-0

(often by setting high pressure limit to ScmH-O above what we want this to be)
Pressure Support - start at 5-10mmH-O and titrate as needed

vary a lot, but these are

12 1ts a bit tough to identify specific starting points for both PC and PS in the literature and recommendati 1, but
‘ or more insight into these

points to start off at and then we should always titrate t?wﬁrds VTe and MVe goals as soon as possibl
initial settings: Y A Y . P o :
Ashworth & friends, 2018 sﬁm‘y start with PC at 5-10cmH»0O and limit AP (Pplat or PC - PEEP,
Driving Pressure) to 16cmH.0 (which correlates with an additive PC of that amoupl - lbcm_H:O)
Kneyber & friends, 2017 >They recommend limiting a AP to 10cmH,0 for all (pediatric) patient types
Nagler & Chiefetz. 2019 — They saggest a starting PS of 5-10cmH-0 for kiddos .

And just to be clear, all the pressures listed here (for PC and PS) are additive, not cumulative (and for a refresher on what that means,
head back to Tvpes of Breaths

121 Recall that this is a made-up term and is typically represented by Scm less that what we set as the high-pressure limit

w =B B

ich we will discuss later on

-83-



Return to C ontents

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:
l§7et &/or Calculate Make a Choice and Dial in Extra Stuff
TV 6-8ml/kg AC Volume None
MV 100mV/kg/min SIMV Volume | Pressure Support — 10mmH,0
RR Adults: 13-17/min AC Pressure Pressure Control —10-15cmH>0

Kiddos: use a chart

FiO; 1.0, then titrate down SIMYV Pressure | Pressure Control —10-15¢cmH>0
Pressure Support — 10mmH-0

PEEP 5cmH>0 AC PRVC “Pressure Cap” — set to 25-30cmHa20
(normally: set high pressure limit to SemH,0
above what we want this to be)

I-time Adult: 0.8-1.7 SIMV PRVC “Pressure Cap” - set to 25-30cmH:0
Kiddos: use a chart (normally: set high pressure limit to 5cmH>0O
above what we want this to be)

Pressure Support — 10mmH>0

In the ideal world. that’s how we get vent settings for a specific patient. I%c){ual world we have a
few things to consider (and we’ll frame them as questions): What pathophygiolo glchanges affect the way
this patient should be ventilated? What do we do with a patient already ventilated if settings don’t match
what we come up with? How does this individual's body respond to alfi3# 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 discuss o 4,"‘3';
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. /
1

122 |y 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
-84 -
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Specific Vent Strategies
fotbe el 1
Eane have a chart that basically summarizes the initial calculations and choices we need to make for
the average patient and depending on which type of breaths we want to deliver.VNc)ikg't,ep is to look at
exceptions to the norm. To say, jt another way: sometimes a patient needs thefr breaths delivered in a specific
way (different to what we mtght-czﬂf “normal®™) due to a specific pathology. We sometimes take those normal
parameters and alter them to meet specific needs and issues. It's totally OK to break the rules we’ve established
so far, as long as we know when and how to do it and can justify a good reason. We will look at a few
situations/etiolGgies in turn to see how it all looks.

Vent strategies are often presented as a choice of two distinct categories: the “injured g™ or “baby
lung” approach and an “obstructive strategy.” We've opted to present this decision making process as a set of
five possible strategies from which providers can choose. First of those is the general strategy discussed just
now. the other four include obstruction, hypotension, acidosis, and _wshauwmt;lf_’oitompprﬂblgjoih&iinjyﬁd
Jung=appreach. There is no right or wrong in this process, we just think 1 es sense to take things a bit
further as we have outlined in this following sections.'*’ AL -’//'? Zg

#K
\ o
| P o T T s
N R fude Ny
PK‘QL A [ B S, Pz i
J \\ | i’c ] Pf’l _ TT (v uo
v N | o \J/\c

123 T provide more context on this:
The Acute Respiratory Syndrome Network, 2000 — This was a major paper form ARDSNet that led the movement towards lower TVs

with vented patients; while it focuses on a specific patient group (i.c. that “injured lung” cohort), it set the stage for further research
into the idea of much lower tidal volume than were initially used

Weingart, 2010; Weingart, 201 6h — A podcast series and
approach to vent management; while directed towards

aper,‘rt.:spcctively and by the same guy, that outline this two-strategy
physicians, the content is 100% applicable to those of us that work in the

transport setting

i
[OL,

Pangty (8d«

HO)|
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Obstruction A
- 5r
‘ In patients with asthma, COPD and/ or allergic reaction, we ter/d to run in t6 a problem of breath
stacking or AutoIfEEP because the patient is unable to exhale fully in-a-nermatamountettime. The
pathophysplog?y is multifaceted and varies a bit depending on unlaying cause, but theycan be summarized as
some combination of the following: / of

pral

constriction of the airways constriction of the airways
due 1o inflammation due to mucous | k
@ 0
5
decreased recoil of the alveoli due to }. “
chronic damage or overdistention 2:
! | v
inhal xhal i -, =, /
ale c c: _ste—. : broken cxhale (f"
|
#
e
1N
I .Ll? 0
] | 1
K -2 time 2 J k ] N (
[ ( o<
normal not normal ?L

attr fix tocthis is to adjust vent parameters to allow for more time a exhalation. We do this by extending
or lengthening the I:E ratio. As we said before, a normal L:E ratio is 1:2-3%nd we can adjust that by decreasing
either the I-time or RR. /In this patient populatiod)aﬁ)od startinmil is an I:E ratio of 1:5-6. The typical way
to get here is 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
~I: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

-86- \

1e

VT

7



Rykerr Medical’s Vent Management Guide

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

~LE ratio = 22,38
0808
I:E ratio = 1:4.8 /,{, [k‘/;,

4

So even if we drop both RR and I-time to the lower ends of our‘\ﬁnorr/n

parameters, we end up with an
L: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 LE RR I'E
17 1:2.5 17 1:3.4
13 1:3.6 | 13 1:4.8
10 1:527 10 1:6.5
8 165N 8 1:8.4 ,
TN 0 Tof T sl ¥ Lok ne

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
to our other parameters? Biggest thing that will be affected is MV. We’ll do some calculations to demonstrate

this impact on a 65kg IBW patient with a TV of 8ml/kg:

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

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

MYV calculated = TV x RR
MYV calculated = 520ml x 8/min
MV 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 = 12mlkg x 65kg
TV =780ml

MYV calculated = TV x RR
MYV calculated = 780ml x 8/min
MYV calculated = 6240ml/min
MYV calculated ~ 6.2L/min
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. U alebor [
_ And at l%ns pomnt we run the risk of barotrauma or over-inflation injury (assuming a volume-—eentrol -

Tede). That said. start at a TV of 10mI/kg and then titrate up if the patient’s lungs allow for it (i.c. Pplat still
below 30cmH:0). If we can't reach our MV goal exactly, that’s OK in the short term — we just want fo try and

ge} aS.Close to it as possible while still a owing for full exhalation and avoiding the AutoPEEP issu¢'** We
will supultaneously be doing pharmz:co ‘(()g‘ical interventions (Albuterol, Ipratrepium, Magnesium Sulfate,
Ketamine, Epinephrine — whatever agency endorses) and hopefully the reason for this alternative strategy
can get reversed to some degree and then we can g0 up on RR and work our way back to normal parameters.
In pressure control, we still drop the rate (and maybe I-time too) to lengthen I:E, but we also want as
much volume per breath to try and get as close to our MV goal as possible. Instead of a PC at 10-15cmH-0,
consider going straight to the top and starting at 20-25¢mH:0'* to see what¥hil VTe values look like. In
addition, recognize that this Pplat upper limit is a generalization that may not be necessary for all patients, but
we will expand on that more in pages to come. — [z ¢ o v
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 pofential to be problematic. That said, there is some thought that applied PEEP can help fix
AutoPEEP bl we do want to keep applied PEEP lower than AutoPEEP. Just know that we may want to
maintain PEEP at our minimum of 5cmH>0 to maximize oxygenation 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 1v§. but there i ,‘1 much content on that and we’ll leave it as a “maybe™ in the
overall scheme of things. ' e torg 177
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 consistendly 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 o a
then we notice AutoPEEP all over again), we can go back to the longer I:E ratio. The idea here is that we are —._t‘-:" vy
constantly reassessing what is going on with the patient and making these small adjustments to best ventilate the w{ Sl
patient in a given moment. Just because a lengthened I:E was warranted at the start doesn’t mean they-eed-that /

* o
X M ‘4 7
forever. i S v Nod

To summarize our obstruction strategy: utilize a lower rate (and consider a shorter I-time also) to a goal
LLE of 1:>5. Consequently, we need to titrate TV (or PC'?7) up as far as the patient’s lungs will allow. Know
that we will likely be short on our MV goal and that’s OK - as our pharmacological interventions start to work
we can hopefully migrate back towards Yormal| parameters to meet d&f:goal. Maybe consider dropping

PEEP, but know that there isn’t yet a good consensus on that. Also, be sure to check for AutoPEEP periodically
and consider disconnecting the vent circuit %o reset it back to zero if needifbe.128

A

 JIE
,Jk‘!)Th '.CJS

~

124pruitt, 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) _

125 Which gives us the upper limit for a safe Pplat, assuming a PEEP of 5cmH;0 and an additive PC v D)

126 Stather & Stewart, 2005 — In addition to explaining this part of things, these two also provide 3 g
the asthmatic patient in general /
127 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)

128 Which we discussed in the section on AutoPEEP

B OB @

toverview of a strategy for
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Hypotension g
5 vt i jl
In patients with hypptension (or the potential for h otension) the primary concern is that mechanical
ventilation can decrease preload-torthe-heart and further coftribute to the pmSI?? We discussed this already in
reference to both negative pressure vs. positi : »Z»bue nd PEER,' and we menfioned then that

euvolemia seems to mitigate this effect. So first strategy here (since we are committed to PPV{is to restrict
PEEP to whatever minimum value we need to maintain adequate oxygenation. Beyond that, however, we can
limit the time spent at inspiration during the overall 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 into the
system (i.e. increasing intrathoracic pressure), we can limit this affect.

To quantify the idea, 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), let’s calculate how much time the patient experiences a state of
decreased preload (i.e. inspiration):'*°

[w M? % TaDP = (RR x I-time) + 60 seconds
o el %TaDP = (17 x 1.0s) + 60s ’ bop J ST
VRS %TaDP = 17s + 60s / " {
R ’ Jow
(V] e %TaDP = 28% pe
|~ e ha b o
\.’*”m P %TaDP = (10 x 1.0s) + 60s Lo 4"

%TaDP = 10s = 60s
%TaDP ~ 17%

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

%TaDP = (10 x 0.8s) + 60s
%TaDP = 8s + 60s
0, P ~ )
%TaDP =~ 13% » oA L{
By dropping our rate to 10 (from 17) and dropping I-time to 0.8s (# the adult 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 MYV if we drop RR to 10 and

then come up with a strategy to address it. As before, we’ll assume a patient with an IBW of 65kg and a TV of
8ml/kg: % K a arj 0,
Pp‘\‘} n f IZ ‘\J
MV goal = 100ml/kg/min rf’{ f .y -
MV goal = 100/ml/kg/min x 65kg 0 .
MV goal = 6500ml " N
MV goal = 6.5L/min RR r
¢ L
TV = 8ml/kg x 65kg Yo Df HK.
= o **
TV =520ml -

| we N\‘\

129 See both How is Positive Pressure Different? and-PEEP
3% This is another one of those made up terms which we identify as %TaDP or “percentage of time at decreased preload”
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MV calculated = TV x RR
MV calculated = 520ml x 10/min
MYV calculated = 5200ml/min l
MV calculated = 5.2L/min ek 5 g, e
- [’D oY red’ .

‘ Now 5.2L/min isnt super far off from 6.5L/min, but-we need to remember that a hypotensiv€ patient is
llkejly at risk of shock and, therefore, we need to make-siire we are matching blood flow to the luigs by
delivering at least what our calculated MV goal is. This idea is in stark contrast to the obstruction strategy in
which we decided it was OK to let MV fall below goal; in hypotension we need to maintain (or even exceed,
especially with acidosis ertratima — discussion on that to follow) our MV goal. So let’s titrate TV up to
10mV/kg and see where we end up:

TV = 10ml’kg x 65kg
TV = 650ml

MYV calculated = TV x RR
MYV calculated = 650ml x 10/min
MYV calculated = 6500ml/min
MYV calculated = 6.5L/min

If we drop RR to 10 (and I-time to low of normal by age) to minimize the percentage of time 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 TV up to goal — that
would result in a decreased MV (which we said is an important thing in the patient at risk for shock). So let’s
go up on TV as much as we can to a goal of 10mUkg (or as close as possible with safe Pplats) and 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 in
that direction while ensuring adequate ventilation. '

and then RR is that it allows the strategy to be applicable to both adult and pediatric patients

131 Another advantage of titrating TV first i the st
-based recommendations; while this may or may not be a good reason in and of itself, it is

without having to come up with more age
worth keeping processes simple and applicable across the board...
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Now there are other justifications for using a high TV and low RR strategy that don.’t ll?ClUdf: this b
%TaDP concept, we just find that this concept makes it easy to appreciate. An alternative Jusuﬁc?tlon wou [ e
that the strategy decreases dead space.'”> We talked about this idea back when we discussed making changes (o
address MV needs'®* and the idea is that dead space gets introduced with each breath given, s0 fewer breaths
(with more volume each) means less dead space overall. Another rationale would be Pa'** - this high TV, low
RR approach decreases average pressure into the system, especially when we consider lowering PEEE towards
zero (i.e. using the bare minimum necessary to maintain oxygenation). While lowering Paw can negatively
impact oxygenation, we may be able to counteract that with higher FiO- 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. N4y

To summarize: in the hypotensive patignt we want to decrease the amount of time spent at decreased
preload while maintaining MV at our weightbased goal. To do this, we drop I-time to low of normal, i.ncn'ease
TV towards 10mlkg 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-amateh—
MV goal), and keep PEEI@ minimum. #, /#

[ Ty

[

}r l L‘L "nl'
132 Baver, 2015 — While the strategy discussed hefe is slightly different than ours (and includes decreasing PEEP all the way to zero),
the basic idea is the same

13 This was in Ventilation-(aggFtCO»y
134 And again, this is Mean Airway Pressure
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Acidosis

, PP

lipe A i/’d'! o \“_ o
" With acidosis one of our primary uvent goals is to facilitate respiratory fmpensation}igainst the
underlaying acidosis. The classic example here is a DKA patient breathing at 0/minS Klight crew comes
along, RSIs the patient, and then sets the vent up at a “normal” rpate of 12. The patienthad been compensating
with an increased RR (and thus MV), but that compensation Q{ aken away suddenly. As a result, the patient
crashes and dies. So let’s not do that. And just to quantify the extent to which our doing so changes the game
for this hypothetical patient, let's look at the MV difference between a rate of 12 and 30 with an assumed TV of
500ml:

MYV calculated = TV x RR
MYV calculated = 500ml x 30/min
MYV calculated = 150000ml/min

MV calculated = 15L/min

MV calculated =TV x RR
MV calculated = 500ml x 12/min
MYV calculated = 6000mV/min
MYV calculated = 6L/min
) el bk

In an acidotic state,edr MYV goaT increases a lot. 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. We said before that to increase MV (in an effort to 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 = 200mUkg/min r (o, Bnf
MYV goal = 200ml/kg/min x 65kg FF Lo )¢
MV goal = 13000mU/min P! A
MV goal = 13L/min MG 3
woooptt P8
TV = 8ml/kg x 65kg TV 0
TV = 520ml " PCO-
e (0,

L DA
Nr“‘x

135 Weingart, 2010 — Our suggestion 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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MV goal = TV x RR
13L =520ml x RR
13L/ 520ml = RR

25=RR

v A e
This means that a TV at 8ml/’kg and a RR of about twice normal will get us the theoreticdl MY o

200mUkg/min. In the normal patient, this would drive our EtCO» down significantly and creat a state of
respiratory alkalosis, but we said already that this compensatory respiratory rate is what we want —/now we just
need to figure out how to measure or quantify to what extent we are helping the patient. ‘We saidbeforen a
footnote that this figure (the 200ml/kg/min one) js just a starting point, we then need to be a little more 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.

First thing we can do is to match our on the vent to the rate at which the patient was breathing
before 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 receiving facility check ABGs when
we arrive to see how things have improved (or gotten worse, for that matter). Or if we can do gasses en route,
we can always start this strategy and then evaluate progress along the way.

Another strategy is to measure the patient’s EtCO: (perhaps via a nasal canula device or by cutting the
ETT connector off a regular in-line attachment and sticking in the patient's mouth)'*® prior to taking the airway.
We can then match the patient’s RR (as above) or set RR to twice normal and then adjust to this EtCO: that the
patient was at prior to 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:

Pco2=(1.5x HCO;") +8 2

The formula is designed to measure the respiratory component with a known mefabolic acidosis (ie
measured PCO; is compared to a calculated PCO> to determine adequate compensatioff# if a mixed disorder is
present)'?’, but we can modify its use in the transport setting to guide our titration of EtCO2 (via MV):!3*

EtCOz should be < (1.5 x HCO3") + 8

A few notes about all of this. EtCO: generally correlates with HCO; ™ fairly well, with EtCO» normally
2-5mmHg below PCO2. That normal difference is due to anatomic dead space and will #icrease with additional
dead space (i.e. alveolar dead space). That said, even with more dead space in pla; 2 and PCO: will move
in stepwise fashion at the same rate.'>® So if we use this modified formula, adj to that goal, and get our
EtCO: right at the calculated value based on an HCO;3 ™ from labs, we still may be a bit shy of our MV goal.

1% For sure not FDA or manufacturer-approved and only to be used when no other options are available ©
137 Foster & Grasso, 2014 — Short video to explain the formula and it’s use in a clinical setting

138 |odeserto, 2018 — See Part 3 of this series, it gives another perspective on how to manage the vented patient with concurrent
(severe) metabolic acidosis

139 Siobal, 2016 — And look here for more information on CO> monitoring in general

oree) % ]
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Just keep that in mind and know

HCO;~ can be from either the B
on that,'% [N

that’s why we wrote it out as we did without the “+” and with lhc:‘s." }_\gd the
MP or ABG for our use in the transport settings, buathere are varying opinions

! fras {1

T({bring it all hon% we can do all of these strategies together: try to mgtch the patient’s R}}/ind f:“lLCa(I);j
as measured before we intervene, then compare both MV to our calculated minimum goal of 200m ]%1/:,' ne
EtCO: (both the patient’s pre-intervention one and our subsequently-measured one) to an EtCO, goah s
from Winter’s Formula. The only next best thing here would be to rem.easu-re gasses en r(;ute f(l)! s\:([:t : }?0|d !
patient is responding to treatment, but most of us don’t have that capab:lilyy :nat‘heﬁé,lf 3" ! v(vaﬂ

discussion of it here. B p v | .

We went on a bit of a tangent here, but let's get back to our ver‘xl strat'egy. fo.r the acidotic p.f:ltlf.']:‘ :]:;eea
TV goal high of normal (8ml/kg) and increase RR (either to match patient’s intrinsic ral_e or.evben j:l.st orior i
normal for patient’s age), then aim for a goal MV of 200ml/kg/min and an‘EtCOz o.f pallf::lfs :;]se ;::ic:j slic
intervention or as determined by Winter’s Formula. Because we are shootmg for high M er; cl fweds o
patient, AC mode may be the best for these patients if they are mgger.mg b.reaths §pontane?tlllls ty ot tesared
SIMV ;nd the patient has spontaneous effort to breathe, we may con:SIder increasing PS sf a p.';lh o
breaths match machine-delivered ones (and this would avoid a drop in MV if we wcre; f?’l owing

SIMV strategy of PS breaths below TV goal).'*! }

i d

el
’r

ity, i it is calculated and there can be some
i iti d quantity, in the ABG it is ca ( ome
. - ¢ in the BMP It s 2 measure i ‘ecl ' it likely doesn’t much matter in
" Nargis & friends, 2015 _ Thl|S ::Ss?gflallllfal said. there is strong correlation between llc;c m? ::;1;: -:#e(;i_vmcss sl
discrepancy between 1hchl_‘]‘ ou‘;?s l';)a,.‘ticu]al' study was looking at the totally unrela:e(; i a:,: :t i ot
majoriiy Ofcfez(aﬂfo;inlgeworld the findings on correlation between the two valu
i e 5
analyzers in the dev

i i SIMV
141 We talked about this idea way back in the section on SIN
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Acute Lung Injury/ Acute Respiratory Distress Syndrome | l ) _"fc‘u/““ /. ]
“ ? M:_ j} o= . // «
Another well-known and established strategy in vent m';nagement is the “injured™ or “sick™ lung 255t

strategy, also known as the “lung-protective” approach. These patients have lungs that are particularly
susceptible to further injury and barotrauma and, as a resul(, we use less volume per hreath in an effort to avoid
over-inflation. We then have to increase rate to maintaip’MV or be OK with mhtgﬁa EtCO,. Another
component of this strategy is higher than normal PE Bd improve oxygenation, maintain recruitment of alveoli,
and physically displace stuff that has accumulated in the alveoli. We'll start by reviewing the concept oj}%cute
lung injury¥ and discussing the pathophysiology of acute respiratory distress syndrome, then we’ll get irito
specifics about vent strategy.

Acute lung injury (ALI) refers to a number of pathologies that inhibit normal pulmonary gas
exchange.'* Specific causes include sepsis, pneumonia, bleeding from a traumatic injury, inhalation of toxins
or smoke, and aspiration. ALI is a concept that lives on a spectrum with acute respiratory distress syndrome
(ARDS) being the end result if left alone to progress to the bitter end. While ALL as a term, may also be
described as mild or moderate ARDS, the underlaying pathzogy is the same. The main component of the
disease process is that the alveolar and capillary walls beco nes permeable to stuff that normal is normally
sequestered in the blood:

v’

Pﬁl(do. U Jﬁ_*fl'. W/ ’”\L'j /. / r
= vi

the results:

I [) QO 1
J fluid also shifts (due to increased osmotic
£ LT’\ pressure inside the alveoli), resulting in
( pulmonary cdema
O '
1 (0. y increased permeability of Py ~ presence of these large molecules results
I \ L \‘\‘\ capillary and alveolar ), \ in an inflammatory response that further
\ walls leads to movement Y 4 \  damages the alveoli

ppEp

iy
b
W

b a

\
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of large molecules into the
Y(_ alveolar space

L

it

.
decreased oxygenation =
hypoxic pulmonary vasoconstriction
pulmonary hypertension

o g s
vasoconstriction

related to HPV

There are quantitative criteria for ALI and/ or ARDS (depending on how we choose to define it), but
that isn’t necessary to our field treatment. Given our limited capabilities in the transport setting, we generally
identify a patient who needs this vent strategy from a report per sending facility or suspicion based ap clinical
progression of the illness. There are also many recommendations to use this strategy for all patio don’t
fit any other category.'*® The strategy includes low tidal volumes, higher than normal PEEP, maintaining
recruitment, and permissive hypercapnia. Let’s discuss each of these in turn and give some specific guidance.

o j’l‘*‘”/ “f obi<ale,
- - 1 < \'V‘
142 Ragaller & Richter, 2010 — Not only do they provide a gbherent-andsbrief overview of ALFARDS, they also discuss this whole

vent strategy and summarize research to date (at least as of 2010)
43 And in the case of two-strategy recommendations, it is either this or an obstruction strategy that make up the choices

EEnE
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Starting TV for these patients should be 6ml/kg IBW, but we may get as low at 4mlkg eventually. This
recommendation is from gri@ef the ARDSNet studies'* which compared TV of 6mUkg against 12ml/kg and
determined that lower TV resulted in significantly better outcomes for these patients. While it may seem that
6ml/kg and 12ml/kg represent two extremes and it could be tempting to rationalize that 8 or 10ml/kg probably
isn’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.'*’

In addition to low TV, we go up on PEEP to improve oxygenation. Consider doing so in a stepwise

fashion as recommended in these charts:'* _—
- \4 ~ { * Pre
C o g b ol

- \\

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 _ ) R
'Fi0, |03 [04 (04 |05 |05 06 |07 |07
' PEEP | 5 5 8 8 10 10 10 | 12

| FiO, 07 |08 |09 |09 |09 |1.0
PEEP 14 14 14 16 18 | 18-24

Higher PEEP/lower Fi02
FiO, 03 |03 |03 |03 |03 (04 |04 [05 |
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
/
[ 7
\ r ‘Il ‘at f '
S\ ’{}; ‘1(-\“ j / ii‘ ‘
/ g (K 2y RITC Ly
o J bf/ g
4 \
144 The Acute Respiratory Distress Syndrome Network, 2000 — Much f the data we have on contemporary vent management comes

from this group of researchers and subsequent investigations by other folks based on their research

145 Sahetya & friends, 2017 — And for a more detailed discussion of this idea, take a look at this article

146 NHLBI ARDS Network, 2005 (image); The National Heart, Lung, and Blood Institute ARDS Clinical Trials Network (2004) — The
chart comes from that first reference sheet; the study cited shows that either of those two approaches is appropriate, 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)
EE.‘@'E B‘ 223 5) ; ‘.-.
B 2 .
[OL] i d
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Another really important component of our ALI/ARDS strategy is alveolar recruitment. Thisisa
concept that we haven't talked about much, but we’ll get into it here.'*” Recruitment is the idea that we can
actively re-inflate collapsed or underinflated alveoli as we depicted in our previous discussion (_E,E,E

first inhale exhale next inhale etc...
‘\ PEEP
‘\ \} J.\ “stents” ~
\ L ¥R ) this alveoli
W open

N\
\

- time 2

4

/. Iffwe have a partially inflated alveoﬁtented open with PEEP and then disconnect the vent circuit, that
alv ﬁ
to

es back to where it was before wé started. In a normal lung there are forces that maintain recruitment
{ent this loss and we can also re-recruit that alveoli on the order of seconds to minutes, so it isn’t a hage
deal for us to be worried about losing recruitment — 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 ALVARDS patient, however, 1-can take
~ hours to recruit alveoli. This means that if we lose recruitment, we lose all of that progress towards better

\F/ 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
v intact at all imes. When we do have to break the system, such as when we transfer the patient from our
X machine to the hospital’s machine or vice versa, we can maintain recruitment by clamping off the ETT. The
main point 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)

147 And again in Recruitment Mancuvers

-97.



SIBBIIBBB000 0000 004088000000048084884

4
d

Return to Contents

Last thing to mention with this ALVARDS strategy is MV. We mentioned already that we startata TV

of 6ml/kg and may need to go down to 4ml/kg. With higher PEEP we increase overall airway press and
therefore that 6ml/kg TV on top of a higher PEEP (up to 20 in some cases!) means we might r:‘vfgﬁigh

Pplats. $0'if we notice Pplat encroaching on our safe limit of 30cmH20, then we can dial the TV down to

Sml/kg and then to 4ml/kg (or if we are in PC we can titrate that value down an e). Dropping our
TV to 4ml/kg will reduce Myfiﬁ:rﬁase EtCO:. but let’s quantify that difference in MV:
/ Pt™ 1 4 ‘3#’ MV goal = 6.5L 77 Cfij krr, 0 W
st ln J om0
VRS rpNT TV =4mlkg x 65kg
e TV = 260ml
" pouelyd

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

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

N\
N | i d MV goal = TV x RR
i AL S\ 6.5L = 250ml x RR
* e ) Wit .
T U\ vy 6.5L / 250ml = RR
/ { ‘*‘J’é ( * .sy 25 = RR
AN

So to maintain our MV goal with a TV of 4ml/kg we need a RR of 25 for the adult patient. Which is
OK §f we can comfortably get the patient there. If not, that’s also OK. In fact, there is some eyidence that
hypercapnia (i.e. a high EtCO; related to a lower MV) is alright for these ALVARDS 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 (when 25/min is too slow), we just go up on RR as much as we can to meet (or
exceed if in volume control) our MV goal. Consider doubling RR or using the high end of normal for a given
age range or just titrate up from a normal rate — the limiting factor will be comfort and exhalation (i.e. monitor
for AutoPEEP to ensure full exhalation).

To put it all together: ALI/ARDS represents a spectrum of disease that primarily impacts the integrity of
the alveolar walls and results in increased permeability, movement of large molecules and fluids)i into the
alveolar space, and further damage from an inflammatory response. Vent strategy is focused oni low TVs
starting lat 6ml/kg (a#@'down to 4mUkg if needed) to avoid barotrauma, high PEEP to both maintain recruitment
of alveoli and displace fluid, maintenance of recruitment at all transfers in order to avoid rapid deterioration,
and an ircrease in RR to maintain MV (possibly with a concurrent strategy of permissive hyp\grcapnia).
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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 ALl/ 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 AL/ ARDS strategy is related to
recruitment of alveoli (and being super careful to not lose it) and the idea that we may need to go down on TV
to 4ml/kg. 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 1n
all cases that don’t warrant one of the others, that’s completely acceptable.

1 OWLf c"fL E" | /. ;‘*‘

Other Potential Strategies /e O pAk wedg
|

The above list of vent strategies addresses four markedly different situations that we often come across
in the transport setting, but there are other potential injuries or pa{hophysiologies that might also warrant

specific adjustments to the normal list of settings . While we could
theoretically compile a list of all the possible things and work gut ap algorithm to address each one in turn, that
gets a little cumbersome and would result in a hefty protocol that might be difficult to navigate through

when time is of the essence. As we said before, 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 following situations. ' }L, ’ ?;' 2 & ’/;f "Lho
In the patient with a head injury/l?aumatic brain injury (TBMcn choose to aun for an EtCO; low-

of-normal to what we’d typically use for a standard patient.'*® While we don’t necessarily kﬁyperventi}at/&(
these patients anymore, we could adjust MV to a tighter EtCO: goal of 35-40mmHg by going up on either TV
(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 FiO2 down 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 not pay as i{qse at{ention with othfr patients gﬁerf simply use drugs to
make them happy. —— A9y Yot % Brogg W K07 ibvoisor oniT S Sl 4B re t

In the pregnant patient we might similarly utilize an FiO2 of 100%6-ensuremanintize oxygen delivery
to the'/fglus. 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-
35 g range),'”’ as we have baby to consider as well. Another consideration 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.

148 Wright, 2014 - And for another review of that concept, take a read here
149 Godoy & friends, 2017 — Detailed overview of this concept and research that has been done to date

10 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
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Significant chest trauma is another, one, We'd like to treat these patients via the ALI/ ARDS strategy,
J but we may also be concerned with hype@sféﬁ’éhd,@gh want to use the hypotensive strategy. Those two are
at odds with one another (low TV and high RR for ALI/ARDS, high TV and low RR for hypotension). In this

o Ccasewe have to get creative. Maybe we forgo 4 tly otensive strategy and choose the ALI/ARDS one, but get
\“&. aggressive early on with vasopressors and flui 0d products in anticipation that a hypotensive state may be
‘ Q('\ precipitated by our strategy. Or maybe we go with a strategy more in line with the hypotensive strategy, but

start out with higher 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.

//,' On a tangent to this chest trauma idea: if a patient develops a tension pneumothorax en route, best thing
4L, We can do is to take the patient off the vent.'s' Not take them off the vent and bag them, but take them off the
fkz p vent and don’t breath at all for them until we fix that problem. PPV can tension a pneumothorax very quickly

and we want to avoid making things worse. So disconnect the vent, decompress (or place a chest tube/ perform

a finger thoracotomy), and then get the patient back on the ventﬁ:use of this, we may consider keeping all

2 XXX XX

patients with the potential for pneumothorax on an FiOz of 100%/- shat allows us more time to perform the
. predt
procedure in the event that a pneumothorax develops before the pati tHesaturates.
A patient with CHF or pulmonary edema may warrant more PEEP to facilitate the movement of fluid

out of the alveoli:'??
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151 Wingfield, 2012 — Haven't seen this idea discussed elsewhere, but it seems appropriate to discuss for all of us transport folks

152 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 experiement)
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In addition, PEEP might help drop afterload to facilitate both perfusion and clearing of fluid from the

pulmonary side of circulation. And while it may make sense that a high FiO2 could mitigate the effects of an
HPV effect in these patients, there is some risk to thal strategy and treatment focused on adequate MV and

PEEP are preferred for the CHFer. '3 Lt dafly bk g Loz -
T __~ Folks with COPD may warrant different stmtegles due to pote,utmfeffec&s of oxygen."* Sdme goes for
: an M1 patient with the need for augmentation of cardiac output (i right-sided MI).'> We could even argue
\‘j the case for a specific toxic-exposure strategy.'*® It quickly becomes evident that there are a number of cases

that don’t quite fit mold by which we try to simplify vent strategies. And that’s totally OK. The templates are

there as frameworks from 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. There are lots of cases in which there isn’t a straightforward answer, but as long we don’t make
things worse by titrating things the wrong way, all is good’.l .

/I Al "":’1‘7

M {Y

5} Kuhn & friends, 2016 — See discussion of these ideas here

"*4Swaminatahan. 2015 — Short and sweet discussion of whether or not these are even valid claims

** Mahmood & Pinsky, 2018 — They don’t directly prescribe this approach, but they do lay out the framework of how it i
work all might
1% Some combo of ALI plus or minus acidosis, depending on the agent and/ or route of exposure
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Make a (Calculated and Informed) Plan ul J\I : #Ltr oF
i

This next section covers how we go about setting the patient up on the ventilator. In particular, it looks at
how the process differs whether it’s us initiating ventilation versus if we are taking over a patient in which
ventilation has already been initiated. This may not seem like a big deal, but the taking over of a vented patient
is a bit tricky. Even though we have these predetermined strategies for various ifferent patient types, the truth
is that there is a lot of variation in how patients respond to the vent: sometimes asthmatic patient is happy

with an L:E of 1:2, other times a hypotensive patient has a high RR and low T r good reason, etc. Because
of this, we need a method to determine when changes are needed and when w leave things alone as we find
them.

e 1A
Getting Ws Ready

i\

@M‘*}\f\'\ 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 (as in
after listening) decide on a strategy based on how we think that patient ought to be ventilated (i.e. hypotensive
strategy, obstruction strategy, or some hybrid situation). Next we get an accurate patient height (either from a
reliable healthcare provider or by measuring it ourselves) and perform three calculations: IBW, TV, MV.

~—y Anothgr component here is the patient exam. We'll discuss a few of the specifics when we talk about a
patient already,fn'the vent, but we for sure want to get an exam done before we start manipulating things or
playing with ent. ' i "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.

N Fd"?‘l‘@?

From Scratch
When we are the bn s initiating the vent, it’s fairly straightforward: we take the settings we’ve come up
with barsed on presentation/ p thophysiology\Qnd plug them in to whatever mode and method of control we
decidtyiﬁ use. We've already talked about lhe‘d\ifferem strategies and why we may choose to use one
mod.ék?gntrol over anoth&(‘} h is ' i , S0 we won’t spend any

more time on that here. Bt the ¢asiest way to do this is to stick with whatever your 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 Big Things: oxygenation, ventilation, and comfort. Once we get
those things sorted, we can then move on to some of the finer subjects (which will be discussed in the next
section, Keeping Things Going).

It is worth reiterating af’lj}?j point that the settings we conceptualize prior to initiating ventilation (and as
discussed in the previous sectiar) 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 you 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

With someone already on the vent, it gets a little more complicated. We'll draw it out in a short, simple

algorithm first and then we will expand on it and-discuss-trespesifios:
rs we a0

| do we like what we see? |

yes ——t———p g —

f 'rJ( l| 4
IR {(.PI \ match their settings l can we fix it?

l awesome, do that l [ start over from scni‘

The first sté¢p in this little algorithm, “do we like what we see?" refers to a few different things: First of
all are the Three Big Things: oxygenation, ventilation, and comfort — those for sure need to be addressed.
Second is 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 I:E of 1:3 we may decide, “this isn’t what I would’ve set up from scratch,
but Iet’glee if it is working for the patient or not before deciding to change things.” The idea here is to see
what puts YOur patient at risk and what doesn’t: a high %TaDP and hypotension does put a patient at risk, an I:E
of 1:3 in amasthmatic with no AutoPEEP doesn't.

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.'*’ Again, no 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 your machine can’t do the
settings they have. For example, the patient is on PRVC and you don’t have that choice — then match as best
you can in either volume or pressure control and go from there. |

P R4 "Bmmiwmayheaﬁ&am.tthw'?;l about checking a Pplat and AutoPEEP and-altof-

')‘ ’,, that!?™ If four patient is alive and well and passes an assessment in all three categories we just discussed (the

3 14" 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 and get patients moved unless we have reason to delay.

/
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157 And we don’t really discuss labs 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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Let's redraw that simple algorithm we started with and add in just a little bit of detail to include all of

these ideas and then we'll move on to the next question and talk about it in detail:

do we like what we sec?

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

« vital signs and lab values

yes 1——|—’ no —

’ match their scmngL] can we fix it?

[ 7
lilwcsomc. do that I Ijn over from scrau‘.hJ

no

»1 c

Next question to discuss further is, “can we fix it?” We’d like to ﬁ(ﬁ whagver 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 and we can provide
analgesia on top of the sedation they are already getting, that may be all that is needed; if we can fix a high
EtCO; by increasing TV (or RR) 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 ntake these changes as the patient
lies and on the sending facility’s (or crew’s) machine. Other times we gj—make the adjustments as we
transition to our machine. We for sure want to avoid alienating theé transferring staff by messifig with their
machine if that relationship doesn’t exist, so just be cognizant that are twa, sub-options in the TAwesome. 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/do

someThmgs 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.

¥

158 And for help in deciding this, considerusing Critical-Medical Guide - it’s an app that’s got a nifly feature in which you simply

enter in current vent settings an&mmmipafa?ﬁm.s and it spits out suggested vent changes to work back towards goals

\ e
e ;
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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
* venl stralegy: ensure its not detnimental

* vital signs and lab values

|

yes — no
:l:mm

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

awesome, do that:

* consider doing it right
away on their machine

* 1f not, implement changes
as we move to our vent

If at any time during this whole process things get too complicated, we can always skip ahead to the
“start over from scratch” end of things, just recognize that the more changes we make, the less able we are to
evaluate the efficacy of a single intervention. Just like a science experiment, it helps to isolate variables and
know that the observed result can be attributed to a specific 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 yo# maintain positive relationships with referring staff and crews.

- 105 -
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This next section goes over what we do once we have the patient on our machine and the Three Big Things
(oxygenation, ventilation, comfort) have all been addressed. We talked already about how we sometimes vary
from the settings we start out at and this section | xplains how that happens. We want to both avoid injury and
optimize ventilation, so we @Mus ents to work towards those goals and ensure that things stay
safe for our patients\
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Watching Pressures . © | “3

We talked about these theas things already in the section titled Vent 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 volume
control ventilation:

PIP '
/ / Pplat /

+ +

@ w

2 g =

2 | time = 2 | time =

N |
IR
\ 'g:,
>

+ AutoPEEP

% PEEP [

& | time - ’ . . .

, PEEP (5cmH20 baseline elevated with addition  AyutoPEEP: difference between

above baseline) of more pressure above PEEP where we end up and preset PEEP
P,. or MAP
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High for PIP is 35mmH.0, although we may go beyond that in-certain situations (such as a small ETT).
Pplat max is normally 30mmHg and we do try to stick by that one whenever possible. AutoPEEP is normally
zero and we always take actions to address AutoPEEP when we see evidence of it. As for Pu, we don’t
generally cite a normal range, but know that a change in this value can be the first indicator of a change
somewhere in the system. All of these parameters should be checked (when possible, depending on control and
patient’s respiratory effort)'*® within the first few minutes after placing someone on our machine and then again
periodically through transport. As we said before, if it may help to simply add these pressures on to a mental
list of vital signs to reassess as we go.

As 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:'®”

l pressure change noted I

)
check those Three Big Thin,
- oxygension 509 0 Pl
* ventilation (MV-and#1C0, )y
* comfort (0S€WsCOE; |/

l 4

increase

decrease
check PIP & Pplat check all connections
I check ETT cufl/ consider air leak
l l consider increasing compliance (VC mode)
tPIP & 1Pplat 1PIP & same/ unchanged Pplat
) )
Inng issues airway issues
abdominal distention/ ascites aspiration
atelectasis bronchospasm
AutoPEEP ETT occlusion
chest wall bum secretions
pneumonia
pneumothorax

pulmonary contusion
pulmonary edema

(S
19 For example, if a patient is triggering lots of breaths, we may not be able to get a-gaad-AutoPEEP/ do an expiratory hold; if they
are in PC ventilation, we may not be able to do an inspiratory hold (due to limitations of a particular machine)
160 | odeserto, 2018 — The left bit of this chart is similar to one he puts forth
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And then let’s look at potential solutions for each of these cases: '!

lung issues
abdominal distention/ ascites —=| consider positioning
atclectasis — ——*{ recruit some alveoli (via PEEP and/or recruitment mancuvers)
AutoPEEP — [ * incrcasc I:E ratio, trial VC, maybe adjust PEEP, disconnect circuit
chest wall bum *| escharotomy
pneumonia utilize PEEP to displace fluid
pneumnothorax 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 ALVARDS strategy
bronchospasm fix with drugs, implement obstruction strategy
ETT occlusion address comfort (biting), swap tube (something stuck)
ions suction

In pressure control 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, *2 VTe will drop |
(and vice versa).4In 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:

/
Ll /
normal obstruction /
_/ 2yt ’L(
for L
W
+ +
: >~
= | time = < | time =2 \
result is less VTe
(represented by arca
4+ under the curve) /
+
g SJ—7 ¥ ! /
‘ g /
= ' time = , time ;

161 Briggs & 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 trach e fix here was simply to rotate the tube 90
degrees o
197 As we mentioned in Compliance (and Resistance) Al

/
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.Slnc.e 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 of

ll_lings before thc?y have an impact on patient outcome is by setting alarms appropriately so that we are notified
nght away as things change (see following section).

Alarms'®

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. We can break alarms down in to two general
categories: ones that are default on the machine and ones that we set. Those default ones may be different
between machines, but deliver similar messages like, “hey man, your circuit got disconnected™ and “oh snap,
Wwe ran out of oxygen.” Those ones can be referenced and learned about in the manual for whatever machine we
happen to be using. The other ones, the ones that we set. are the one’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). That means that if we have a situation where we repeatedly trigger 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 vent who has either an untreated airway obstruction or poor compliance'® — if we try to ventilate
this patient in volume control and at normal settings, every breath that 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 could for sure cause a lot of damage if we accidentally give too much pressure.

Moral of the story here: if we are in volume control 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 pressure control we need to vigilantly monitor MVe (and
also VTe) to avoid the same issue (of decreased MV). Which leads us 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 weird
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 andédequate vcntilatior)or our patients.

163 We can also (again, this is in PC) look at flow as calculated and delivered automatically by the ven gher flows mean less
resistance. so even if we don’t know ranges or normal values we can still use this concept to trend changes
184 Disclaimer about this section: there isn’t much out there in the universe to provide guidance on hm':f we should set these alarms.
There are studies out there that have collected data on alarm settings on in-patient units, but we don’t feel it would be appropriate to

| apply those to the transport setting. Given that we move these patients one at a time with one or two wcll_—u-amed _pruvnders (versus an
ICU full of vented patients and lots of alarms at once!) we should :{rguably alwe_lys hfwg eyes on lhe‘m_achme and it makc§ sense to use
much tighter limits for alarms tha( we might see in the hospital setting. That said, this is just one opinion on the whole thing...
165 Again, as we talked about this in Compliance (and Resistance) -
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As far as setting the high-pressure and low MV alarms, that is a bit dependent on our margin of safety
and when we want to be notified of changes in the system. As a general rule of thumb, the high pressure limit
Shopld be no more than 10cmH,O above your PIP. If, however, your PIPs are already high of normal, consider
setting the high pressure alarm 5cmH>0 over that value or at our upper limit of 35¢cmH20:

}' 5-10cmH,0 above PIP
(or set at 35cmH,0)

: ’J‘J /[’\s # .
time > A o 5",u‘v f"’f o/

bkt

- pressure +

In the event of one of those situations which may lead tofepeated triggering of the high pressure alarm
and sudden drop in MV, increase the high-pressure limit (even beyond 35cmH: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
pressure control mode, 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. 166 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 sounded, but sometin es we get distracted by other
interventions and this backup system can keep us notified. {

Other alarms that we can set to help us better keep track of what’s going on with the vent and our patient
are low peak-pressure, low frequency, high frequency, and low PEEP. Low peak-pressure alerts us when the
PIP is lower than we would expect; this could indicate a cuff leak, increase in patient’s respiratory effort (i.e.
produced with patient effort),'®’ or a loose connection (an actual disconnection would
onnect alarm, one of those non-adjustable alarms consistent across machines, as the
pressure would drop much more significantly). Low frequency can let you know if the patient’s RR starts to
decrease — 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 machin.efc;/l};ihk that (s)he is.'®® Lastly, low PEEP lets us know if

the end expiratory pressure drops below our set PEI:?P/}I'\his could indicate a leak or cuff deflation.

negative pressure
probably trigger a disc

{

er that we feel is appropriate, there aren’t too many specific recommendations for this type

166 And this 25% figure is an arbitrary numb,

of thing ‘
167 Weingart, 2019 —In addition to discussing four of the most sign!'ﬁcam chl alarms, this podcast proposes the idea that vent alarms
in the same way as a “code blug™ in the hospital setting

ought to be addressed i a e ' i
168 Which we call “auto-triggering” and will dlscuss{honl_v in Triggers
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. : i ssure

That’s just a quick, short overview of alarms; recognize that the most important ones are high pll;ethrou "
and low MV, but that there are a number that can help us be aware of changes in the system as Wt_fu\:’::c alarmg
ajransport. Because there is so much variation between machines, the best way to get familiar wi

-

a

)@a{n\'ill be working with is to read the man

ual that comes with the machine. Super fun reading, but it’s good

. . b ¥
information and can help you fine tune the feedback from the vent so that you 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 volume control ventilation:
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Titrating UponTV?

Up to this point we’ve recommended considering TVs above that 6-8ml/kg range in just a few
circumstances: to increase MV (in the Ventilation “0;) section), with airway Obstruction, and as part of
the Hypotension strategy. We also said that we want to/limit our Pplat to a safe level <30cmH:0 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 lhé whole idea, because it gets a little more complicated.

One underlay; g 1d is that TV is a component of P,y and that this is a determinant of
oxygenation. ' §q Lake sense to go up on TV as much as we can (@t within safe limits) to maximize % J
oxygenation.'”! lncreasmg TV could also allow us to go down on RR (to keep MV constant). While this weutd
take away from Py, it ;%uld help in other ways (i.e. by decreasing that %TaDP value we made up in the section

/ on Hvpotension). 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
6ml/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 arbjtrary amount) we get there in a stepwise fashion in small increments.'™ And lastly, we can
utilize comp lﬂl‘lCCﬂ(. : - AR e ) to help guide us

towards our(goal. Wi

N+ e ! ,’ Ple "l’Q-,,
h,jl\ /o\.fl#v( —> siﬂj; fcr’lﬁ‘”
(J(';hfrdc) (“” ‘f“)

Vs

’l i«ﬂfwl i y
& D usen calior {VUFW e

Y y7 \L
\@S}') TN o .i,n % 3
W T e w e BN

' J raﬂ, -,/ﬁ"(jL '“J

169 Way back in the section gh Plateau Pressure
170 [ odeserto, 2018 — We/ited this once already in Mean Airway Pressure
1" That said, we typicatly use TV to effect change in ventilation instead of oxygenation (as we outlined in Three Big Things), but
know that these thingé are interrelated and TV can actually impact both
172 Wright, 2014 »“And that “lung protective™ strategy also includes limiting Pplat. utilizing PEEP to maintain recruitment, and
limiting FiO: (irl addition to lower TVs)
”’fBurrell,}mg This summary of a paper investigating this idea concludes that more data on this question is needed

ix & 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
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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
increase PC until we see a decrease in compliance or no increase in VTe after the adjustment. Once we hit
either of these limits, we then titrate back the last increase (of TV or PC) to where things were just before the
previous adjustment. To map it all out with steps in the chart representing reassessment during transport:

Volume Control Example
Step#| TV | Pplat | Compliance Action
(ml) | (emH;0) | (mVemH,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 30cm . We
recognize that an increase beyond a TV 550 (line 4) gave us a spike in Pplat and drop in compTiance, therefore
we may titrate back a smidge and wait for the lungs to fill more before moving back up (line 6).

It is worth mentioning here that 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.

-113 -

Pressure Control Example
Step # PC VTe | Compliance Action
(cmH;0) | (ml) | (mVemH;0)
1 10 500 50 Increase PC 7
2 11| 550 50 __Increase Y
3 12| 550 46 Increase PC (or stay) | 5 4" .4l
4 13| 550 42 —Pecrease PLC— “ _(F
5 12 550 46 No change, monitor
6 12 600 50 Increase PC
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cute Deterioration

™~

) . g
The next thing to chat about is what to do if the patient begins to decompensate while on the vent.- We

LA

) bt Filit e Yl Y
Y M P v

| JMLJ 7 H?F\

stal.T with a common memory tool to address some of the major causes of acute deterioration of the
mechanically ventilated patient:

The “DOPE"” Mnemonic

issue action
D | displaced tube confirm tube placement
O | obstruction suction, check for kinked ETT, consider bronchospastﬁ\
P | pneumothorax remove patient from vent; decompress, chest tube Afl mger,fmoracotomv
E | equipment failure | check all connections ‘ot /

S/
/

There are also some variations of this guy. so we may see it out there with-anS™ at the end for stacking
(i.e. AutoPEEP),'” an “R” at the end for rigidity chest wall (a rare complicationof Fentanyl ~ ~
administration),'”® or even with the “P” to represe in and/ or (Auto)PEEP.'”’ Ir‘;ijs%\@iomelimes
accompanied by another mnemonic called “DO 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

to fix AutoPEEP or decreased preload (i.e. pneumothorax or hypotension)

D | disconnect the vent circuit

O | 0 180%via BVM - oo :

T | tube position/ fungtion ) | includes assessing placement and suctioning

T | tweak vent Y&/ consider decreasing RR. TV or I-time (i.e. with AutoPEEP or hypotension)
S | sonography consider ultrasound to identify issues (if you have it)

the initial troubleshooting process when the patient starts to tank due to some
occurrences can be tied to vent alarms or other assessment parameters, but
machine we are working on and wha

Sult’in a high pressure alarm/(
it-in a low pressure alarm. Tn regard to other assessments: a tube displaced too deep may-resuttin-a

likely

likeed é g
high Paw, low VTe, patient discomfort, etc. and a tube displaced out of the airway eam
in EtCO> with change in waveform, hypoxia, etc.

The “DOPE" Mnemonic'”* (with or without “DOTTS") is easy to remember and can be used to guide

175 Rezaie, 2018 — Also gives on overview of the "DOTTS”
17 Thomas & Abraham, 2018
d in genera

177 Wright, 2014 — A greal rea )
1] . .
useless triviaon w

178 Weingart, 2011 — For some
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own. Many of these
n which type of
we have available. For example, a tube displaced too deep will
ventually a low MV alarm) and a tube displaced out of the airwaz P

ira-low Paw, drop
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idea discussed below

— While not all that common, it may be worth keeping in mind

1, but specific to this cause he’s got a nice DOPE graphic that he got from another source
here this mnemonic came from, take a look here
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Be"aufc therg are so many things to consider, building an algorithm to troubleshoot each possibility gets
a bit difficult.LBut just for kicks we'll do it anyways. Before we get there, however, let’s consider a few more

thingsj:lrst 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 related to BV AN SO U P56

beyond the vent (i.e. ETT displaced). If it's a vent thing, then we mess around w:lh the vent; but if it’s another
issue, our interventions should fbcus on drugs and procedures and that sort of thing. Think of it this way:

.‘w"v ) l which kind of issue do we have? I
4

I\ VI" 5 ™

N 1 V% ALY § ! :

jﬁ +' ({’t"‘ ﬂ{‘!\ ' L vent issue j I equipment 1ssue l I (patho)physiology 1ssue ]
\?‘lhﬁf N "\X\
Sy S ‘ B! |

do vent things I I do equipment things l 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 who experiences an
allergic reaction to something — in this case we could simultaneously proceed with an obstruction vent strategy
and give drugs to fix the problem. So while our little algorithm may be too simple, it often helps to take 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 crumping patient who is on the vent. épd’ gis approach takes advantage of feedback that
we may have available to us from vent alarms and assessment parameters:

acute deterioration: wtf to do!?

|

l start with the basics: ABCs T

Y

l use alarms to guide treatment I

[ address the Three Big Things I

A

I address airway pressures l
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And 1n fact, one could argue that “usjng alarms to guide treatment™ may even be a quicker solve than

starung with the ABCs. While we recognize that this 1s blasphemy in the world of EMS and transport
medicine. here’s how that might look:

acute deterioration: wtf to do!?

e

_}'—_’I usc alarms o guide treatment

after both of thosc. ..

l

[ consider the Three Big Things I

I

[ ]

‘ By working through each of these steps systematically, we hit all of mAPE things and identify where
in the system the issue lies (vent, equipment, physiology). Now i(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: wif to de!? i"‘"“‘ i and clear?
—*  equal chest nse and fall?
. ' | perfusion adequaic? — - stop a biced, flusds (unless dicated f s, hyp

san with the basics ABCs  —

}- suction, fix kinks, arway management starting with BLS things and a BVM if airway was lost
if ETT depth changed. pull back tube; if ETT depth the same, confirm pne b & addre
b venl strategy

| hegh pressure ff—-T’- <~ ETT wo deep quul.lu:h-:k
‘ | ETT kimked ++! unkink it (or 1f due to biting, treat comfort with analgesia and sedation)
X & pacumothorax ————|-+ remove from vent. decompression, chest tubc, or finger thoracotomy
usc alarms o guade weatment ;—u comfort = scdaton and analgesia *
lung or sirway issse (mebelan) 5> S qrft
! } AutoPEEP — treat fort, remove accidegtal tnggers, s¢ y. disconnect circut
sress the Three Bg T '_-l 1 lntndA:lonI.th.lllc\mh:ﬁ:prumrel:mulnamudnhupm&l\'
| |
mcreased RR — - *—1-}'“- fi acadental inggers, sensitivity
'! | | | |
address | e ETT displaced ———++ mirway management starting with BLS things and a BVM
D — ‘1} ‘ | deflated cufl o re-inflase cuff o replace ETT
] i - ”.;\1‘,.1 L duscommccied carcunt — aIrh.wcnun
| circuit disconnectlow O — J—q casy cnough, just fix the issuc(s) histed
[ pressure, ctc. N
| =177
e =
PRR J oxygeastion ——————~/$pD. “t+ FiO;, PEEP, l-ume
am &4 \( 1 ventilation ——++——= MV and E1CO; —t+ via TV and/or RR
r gL q,J‘ comfort ————|—+ use a score 1 ider both analgesia and scd
" ]
oo
N g‘-"} | decrease 1ol - ETT dusplaced airway starting with BLS things and a BVM
N | deflated cuff re-inflate cull or replace ETT
| _ duscomnected circut — 1+ re-connext circuit
L AmtoPEEP & 4 | ++{ treat comfort, remove acaidental tnggers, increase sensitivity, disconnect circuit
| to reset AutoPEEP to zero, increase high pressure Limit to avoid drop in MV
tPIP& tPplat —— TL* >/ lung issues
| tPIP & same Pplat — i' 1+ nirway issues
e}}“’) ;t"‘ 4,!‘!‘ ol { 3
i
4_ X [Pa v 'P: L
(e
I
{ ] 3 of
2 e L 2 oefer 3y
] 1
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/ s
There’s no way to accommodate all possibilities in a single algorithm without getting too crazy U;rtg Ve

details, but that’s the basic idea. But before m ing-of, just a few things to note. First is that a low MV alarm
may also accompany acute deterioration, but it'“u( likelqu'l d to either a high-pressure ala (with breaths
cycling off due to that alarm getting triggered) or someﬁkind of disconnect (which would likely be indicated by
a circuit disconnect 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 to an acute deterioration unless accompanied by one of

these other trump cards. And then we already showed this-encebéfore fand 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:
didve? Pl 7
lung issues
abdominal distention/ ascites »| consider positioning
\Qc*) atelectasis — *| recruit some alveoli (via PEEP and/or recruitment mancuvers)
AutoPEEP increase I:E ratio, trial VC, maybe adjust PEEP, disconnect circuit
/PO chest wall bumn escharotomy
\ pneumonia *1 utilize PEEP to displace fluid
pneumothorax remove from vent; needle decompression, chest tube, or finger thoracotomy
pulmonary contusion consider ALVARDS strategy
pulmonary edema " utilize PEEP to displace fluid

airway issues

aspiration suction (prevent further aspiration), consider ALI/ARDS strategy
bronchospasm | fix with drugs, implement obstruction strategy
ETT occlusion address comfort (biting), swap tube (something stuck)

secretions »| suction

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 fool doesn*tconsider feedbacEfrim the machine (i.e. alarms) and, therefore, we suggest a
simple sequence of four steps to work through poiestiessucs: theck your ABCs, look at and address any
alarms, review the Three Big Things, then check préssures. If by then we haven’t figured out our problem, we
can consider taking the patient 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).

-117-
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Other Wm Things There May Be Questions About
Filters'” } {"

Filters are used in mechanical ventilation to prevent infectious gunk from trz sfen’jﬁg fj:m one spot to
another. In the transport setting we generally use in-line filters that simply fj @ e it. While there
are a few possible options as to where we place the filter, it is most commonly put at cofinection between the
machine and the vent circuit (i.e. the inhalation side of the system):

breathing
machine

The filter placed here essentially keeps bad stuff from the machine from getting to the patient. Which is
fine, just recognize that it doesn’t keep bad stuff from the patient from getting to us and our coworkers:
=T )] EP
- T S
ey

breathing ‘/é - \;
machine . H‘ ’. | r“ﬁl
—QD~ At
M ‘n‘ / [,Pm :ﬁ{/l/) ~ /:,.‘-[fr
R LY b _pV Ve 50
el \”.(r {o‘ \ K(;, <0
. {5\\ a_x\ﬁ‘}"‘ I L ‘AP ) ’/ £ )
| L B -y pE

)
Now we could work around shat by placmg !he—’ﬁltu at the patient’s face/ ETT or even on the exhalation
side of things, but the face option yill increase mechanical dead space'®’ and the exhalation side option may not f
be available with our transport vent. That said, placing a filter near the ETT may be warranted in certain cases \V
(tuberculosis, flu, etc.), just know that in addition to the dead space issue it can also impede the movement of air
(or flow) and that the fix for this is to increase air movement into the system (in VC this will probably happen
automatically, in PC we may have to increase the pressure put into the system) and watch for adequate

exhalation. Bur’tl you have a patient with some type of bad stuff that you don’t want to breath in and neither of {'\\Q

these strategicg/ is appropnate or possible, be sure to mask up! &}1 },
! \ /. \‘ \ |I D
179 Wilkes, 2011a & 2011b — He gives the most | -depth discussion of both filters (this section) and humidifiers (next section) (w T
180 Discussed in both Dead Space and A endi ,
(01

-118 -



Rykerr Medical’s Vent Management Guide
-, /n 5 J
Humidifiers'! 182 f P

Humidification of air is important in mechanical ventilalic? because dry air can cause damage to the
lining of the respiratory tract.’ No need to get into the details here, st know that absent any contraindications

we ought to try and add some degree of humidification to the air we push into the patient’s lungs. We typically
do this in transport by placing a humidification device called an HME (humidification and moisture excha.nge'r)
between the ETT and wye of the vent circuit. Placing the device further up on the inhalation 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

1. exhale and trapping

181

Yartsev, 2019 — Excellent discussion of the passive style devices used in the transport setting
182 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, mcmality*— while they admit that more
research is needed, it's good to know that HMEs do have demonstrated value

4 e
1
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Ly mentioning that the HME is often the biggest contributor to our mechanical dead space (as
outlined in the Appendix), but it ought to be used unless we have good reason not to. First (of two) good
reasons not to would be small TVs, such as kiddos or ALVARDS patients.*? In these situations, we want {0
minimize mechanical dead space 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:'**

[ 10011 Hurmd. Vent Min
(J(’ s‘ mz Humad Vet 1 5WVi-02L
~ /mu Husad- Vet 1 port Vie02L
~ 312 Husmat-Vint 2 port V=06L
a1z Hamad-veot 29 V=061
a1l Hhamed-Vent 28 Fias—stmn a8t
/1":2 Husred-Vent 78 Fles -coan W i=08L
' ‘ we see here-that more capacity for humidification
‘ corsiaferyeitrmore dead space

7 b

Second good reason not to use an HME would be the concurrent use of nebulized medications. 185 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.

183 Hinkson, 2006 — And we’ll get back 1o M&idca in the A&pcndit also

184 Teleflex, 2019 (images) — Just to be clca'rxl 0 relationshipgconflict of interest hcre%‘s just really nice how they lay out all the
product info like this for us to talk about © 7/ /¥ 7 o\ \,

185 And see the very next section for a discussion of In-line Nebulization
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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 PIP in
VC or decreases in VTe in PC would likely be our first indication of an airflow problem of this sort.'™" If this
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,
certal_n;_dcvices may even be classified as both filters and HMEs. This could potentially mitigate the escape of
~poteniratly 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.

In-line Nebulization

Just to demonstrate a few things about why we do nebs the way we do, let’s look at a setup of how the
system looks when we nebulize a medication through the vent circuit. Recognize that there may be some
variation between models, this is just the setup with which we are most familiar with and serves to outline the

important stuff:'®’
oxygen supply 1o neb cup can either be from

nebulizer cup goes on the the mach ther
; o PR machine or another source
inhalation side of circuit nd heethias mousce o paskably snmr 6 g

spacer fills with medication

during exhalation, allows for

more efficient delivery
P g \

— "< HME gets taken out 5o that it doesn’t

if we put the neb cup here then lots of the medication
trap all the medication/ prevent delivery

will get lost to the exhalation side of the system;
if we put the neb cup plus the spacer here, we increase
mechanical dead space by the wolume of the spacer

o 1w I
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, doniuhrekv-ﬂ-ﬂway-evcry-&mewu-epenuircuit... Some machines recommend specific changes to
settings to facilitate this process, read up on that and/ or have a chat with the manufacturer’s rep for details

about a particular machine. |

; . . oo "’{d
186 §ince we don’t routinely monitor flow in the transport setting 4
187 Dhand, 2017 — And for more info on placement of the nebulizer and bias flow (which we don’t meption here) as it relates to this,
2

take a read of this article
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Driving Pressure'®

Driving pressure is a term to describe how much we inflate and deflate the alveoli with each inhale and
exhale on the ventilator. The idea is that too much opening and closing (inflation and deflation, up and down —
however we want to term it) can put stress on the alveolar walls and cause damage.'®® This damage, in turn,
leads to decreased diffusion of gasses across the alveolar membrane. Driving pressure is the difference between
Pplat and PEEP and is sometimes referred to and-represented as delta pressure:

AP = Pplat — PEEP

With our ALl ARDS patients, we try to limit driving pressure as much as we can to a max of
15cmH20." Which is generally pretty reasonable, given that we use high PEEPs and low TVs in 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 idea is-that we keep the lungs as
ﬁlled’a’sgﬁ)géible (i.e. alveoli inflated) throughout as much of the respiratory m}@& 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 patient groupy, there just hasn’t
been much research on that to date. The one downside of this limited driving pressyre] “open lung™ approach is
that it can be tough to blow off C 0}) much as wed want. We said way back when that perfissive
hypercapnia is often a thing wifh AL/ ARDS‘}but that may not be the case with other patient groups. Another
consideration hcr}: is _Pi_]il\i?i.- Pé? is pot-a benign thing an or sure need to consider all of the negative
consequences of/lhis approach '3?;/ before\applying it to all patients. For now we have pretty good evidence that
limiting driving/pressure and utilizing high PEEP is a good thing in the ALI/ ARDS population, but such a
strategy may n’dt be best for everyone. \\\ /
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1888 ygedo & friends, 2017 — Succinct overview of the concept of driving pressure and research done to date (as of a few years ago, at

least!)
189 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)
190 Weingart, 2016a; Bauer, 2016b — Both podcasts look at a 2015 study on the subject
191 Nickson, 2019b - Concise overview of the idea with many more resources cited
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Recruitment Maneuvers'% r I
7

A recruitment maneuver is a con
involved in the ventilation process. @he ide
and others that are closed down or non-part
we can do things to gain access to those cla

/em of the “open lung” strategy that seeks to get more alveoli

Qis that there are portions of the lung that are open or participatory
icipatory (or maybe just less-than-optimally-participatory), and that
mped-down alveoli to improve both ventilation and oxygenation:

ideal lung with
all of them

these guys, not
so much. ..

open and
participating
fully

In a general sense, lots of things could qualify as recruitment maneuvers: prolonged inspiratory holds,
higher PEEP, high frequency oscillation ventilation,'** prone positioning, 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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"’ Ragaller & Richter, 2010; Naik, 2015~ The first is an overview of AL/ ARDS management with one section on the idea of
recruitment; the second is an article that also discuss@ recruitment, but particularly the idea that breaths of various

: sizes (whether
intentional via vent management or spontaneous viaffatient effort) further contribute to recruitment
194

Prost, 2011 - 'l‘l‘1is is the only mention we have of this mode, as it isn’t routinely available in transport: the referenced video is an
overview of l\iglawﬁﬁncy__\;gﬂlﬂguon
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We posed a hypothetical situation at some point earlier on in this manual about why we don’t just blow
up thf: lungs and alveoli with oxygen and let it sit like that for a while; we said then that we still have to
cons@er the ventilation<€65 side of things, but the idea itself does have some merit. That said, the value ofa
recruitment maneuver (again, this is as a prolonged inspiratory hold) is more in the ability to open alveoli past
that difficult-to-open stage than in the inflow of oxygen for a sustained amount of time, as the amount of
oxygen in that air quickly begins to drop as oxygen diffuses in to the bloodstream and we don’t replenish the

supply:

inhale hold ) etc...
lewr
POZ = )
PO, < PO, <<
100mmH ’ 2
8 100mmHg 100mmHg

N
2 ppe—

- time =2

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.

195 yan der Zee & Gommers, 2019 — Describes lots of the research that has gone into understanding this whole concept
19 Hodgson & friends, 2016 — Cochrane Review that gives way more detail on this

[Ob 40 [OF (10
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But let’s say we do/want to do a recruitment maneuver lbmhatevi?i—fcérson. Maybe we are struggling
oxygenate a patient, or weg forgot to clamp the ETT on transfer of an ARDS patient to our vent, or we want to
try for better complianc creased driving pressure, etc. First thing to know is that the m?neuver can cause
hemodynamic problems and we ought to be on the lookout for those to avoid decompensation. 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 cardiac output. So monitqr all the q-.mgs 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
mentioned above.!® While this was often taught in the past, it is becoming less common in deference to mor
gentle and stepwise strategies. But to make it happen, here’s how it would work: put your patient in PC
set PC to get a goal Pplat, then perform an inspiratory hold for as long as we think is appropriate. As far as
specific on pressures and time, the data varies widely on that and we can’t make specific recommendations on
how that mijghtdook. Same goes for how often to perform the maneuver — most of the data out there discusses
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 short amount of time.*’

We mentioned already®! that whenever we put more air into the lungs it seems advantageous to do so
incrementally. Same goes for performing a recruitment maneuver. Anlalternative to the prolonged inspiratory
hold would be a stepwise approach in which we put a patient in PC and establish a driving pressure (Pplat
minus PEEP) that yields our goal TV, then slowly titrate up on PEEP ir| small steps and over time.”" There is a
rendition of this approach called the Staircase Recruitment Maneuver thaUy<itrates PEEP back down to a
maximally beneficial level as determined by SaO2 monitoring®* — perhaps a modified version with SpO:
monitoring and longer times between titrations (to accommodate a potential lag in SpO- readings) would be

appropriate in transport.

In any event, the utility of recruitment maneuvers is to get more alveoli involy
allows us to ventilate to our TV goal with lower driving pressure/improves compli nce, and works to 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.

in ventilation. This
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197 Claire & ffends, 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
Chambers & friends, 2017 — This study primarily examined how VTe differed from delivered TV with cuffed and uncuffed tubes

199 Metz, 2016a — Video that shows this type of recruitment maneuver
200 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...

201 Iy the section, Titrating Up on TV?

202 Metz. 2016b — Another video by the same guy as above, this one is a version of the stepwise-recruitment maneuver
203 Hegs, 2015 — Take a look here for a discussion of this technique and others

204 Hartland & friends, 2015 — We cited this study back when we discussed absorption atelectasis in Oxvgenation fmyd-Sp€.); while

it looks at a specific group of patients we don’t often encounter in transport (those undergoing abdominal surgery), the findings are
consistent with this conclusion .
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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:

- pressure +

\/ time =2

And then we footnoted the idea that that downward dip in pressure ’}ﬂhe start of the waveform is more a
sketch of convenience than an accurate representation of how things ccur. In most cases the trigger
that makes the machine recognize patient effort is based on flow rather than pressure. While some machines
will allow you to use pressure triggers (normally around -1cmH;0), 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
addition, the pressure trigger is relative to what we have dialed in for PEEP - this means that in the event of
AutoPEEP there is an extra threshold that must be overcome:*%*

IV h\{/"u{r\

- Y a2
~ Lares,

machinedelivered breath patientriggered breath machinedelivered breath

+

- pressure

cffort meets pressure trigger threshold, AutoPEEP develops

same cffort as before, but this one does
brings pressure below “OcmH,0"

not meet the trigger threshold

/

205 Hess, 2005 — This explains how switching to a pressure trigger may mitigate breath stacking ¢ qu; ,ﬂ';f)
BE
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So pressure triggers are a thing as we “LI::(]/y drew it out, but not the most common thing. We
sometimes do use pressure triggers in cases of auto lri'gg'ering (i.e. when we see too many triggered breaths due
to things other than patient effort,2°® 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.e. 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-by-thenachine. Let’s
draw it out with an assumed bias flow of SLPM just to see how it works:27

el
assive
g P
auent 1S bias flow measured here at the bias flow of SLPM
wye is the same SLPM as it X
was when it left the machine
exhalatior\ g breathp g
machine
—1
—_———
N <
since no difference exists between flow in by the machine
r and flow sensed at the wye, no breath is triggered
AW L O
R v 1A
’ Hf:-a s A
!
.“sp“amw effo
v
o 2KES somc
21
aow € v bias flow measured here at the bias flow of SLPM
wye is different than it was X
when it left the machine

breathing
machine

o~
inhalatiorx
it N —
s

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

% 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

207 Yartsev, 2019 — For more in ation in these triggers, others, and some of the stuff discussed in the rest of this section
= "I} \‘I\\g.,\r' (!~
- \
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for thin"l;hleikmaijchme does this b{as flow thing FJecause i.t mgkes it easier to measute patient effort. It also allows ‘ f ,
knowing : he EEP and. the delivery of nebulized medications.?’ Menfﬁgﬁ’%rmat.) The point worth 1/
i \fel; ;vztlitf:(:)\:;:ﬁﬁ‘;; tc:::n:;()t t:-S S? toa :alug greater .than the machine's bias'ﬂow._ So in‘the case
e IR machips by s ﬂoig ) L.e. auto triggering is happenmg) and our mgge!' is set fn 5LPM and
: of SLPM, we can do one of two things on the machine: switch to a
pressure tngger.or change (increase) bias flow to accommodate a higher trigger threshold. ["7"’ bt > o J0r
. Afld Whlle we are on this point, il'is wrorth discussing things we can do to address auto-triggering other ~'"**"*
an manipulating settings on the vent. First is to try and identify what input is causing the triggers. If itis a
bu_mpy road or turbulence, perhaps getting the vent circuit off of the floor of the vehicle can alleviate the issue.
If l‘t 1s one of us crewmembers kicking the circuit, Just stop doing that. Sometimes we get down a rabbit hole
try.mg to accommodate a situation that can be avoided in the first place by taking a step back and seeing what is
going on beyond the machine itself./ That said, we should always attempt to address the cause of strong patient
triggers, particularly discomfort and need for more MV.| — 8% -?' ,‘ ry o 4
Let’s summarize triggering up-tothris-peint: triggers are thresholds we set for-wien the machine knows”
that the patient wants to take a breath. We most commonly use flow triggers, but some machines allowﬁ 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 1-5LPM for setting our flow trigger. And for reference, 1-2LPM is commonly used in a
hospital setting?t 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.

9 r'.’\
N \'("‘-\
Prone Ventilation \ @ '

Prone ventilation is when we lay our ventilated patient face down on the bed or stretcher. Arguments
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).”'’ And when we
are called to transport a pronated patient, there are some logistical limitations to the process. Much of what we
do 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 t_na’t}é sense

to do a quick survey as to where things are at in regard to prone ventilation in the field. >

/

208 Dhand, 2017 — We cited this article previously in the section on In-line Nebulization ‘
Henderson & friends, 2014 — And for details on any of those concepts, take a look at either of these

209 K oulouras & friends, 2016,

articles
210 Bloomf{ield & friends, 2015 —

help continue the strategy

That said, when proning has been initiated it is likely for good reason and we transport people can

B
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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 alyeoli is very important. | So
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 said, many ;rcz{lmeﬁt guldelme,sf algorithms for this sort of
thing include cyclical proning on some sort of schedule;?"" so it thay be worth scheduling these transfers in line
with transport capabilities (i.e. with no capacity to transport a prone patient, simply wait until it’s supine time
and make it happen then).

When it comes to the physical process of flipping someone over, there are a number of techniques and
tools than run the gamut from a RotoProne bed”'? to simply using a flat sheet or slider.'* Proning can also be
performed 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 G;, assessment of heart and lung sounds, needle
thoracostomy, etc.) will be limited, and stretcher?sfed 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 thj rest assured that it has been done already>'> and will
likely become more common in years to come. [

M Olveira & friends, 2017 — 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 concerns that could potentially arise along the way

212 Arjo, 2020 — Manufacturer’s content on this product, just for those who are curious about it

213 Critical Care & Major Trauma Network, 2015; Critical Cardiff, 2017 - Two YouTube videos that demonstrate proning a patient
214 Hospital Direct, 2017 — Another YouTube video that shows the maneuver while moving a patient between surfaces

215 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 ALI/ ARDS 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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A Proposed Protocol/ Flowchart
(o' 'J I"i‘, VJVM

We said lready that/the goal of this learning experience is to know enox{gh about vents that we can
break f the “cookie cufter” approach to management and understand why/make changes and how that
imp: patients. mml may help to have a framework to work with while we move towards that goal.
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. 1t's here to help folks work towards a higher level of competency or to simply take some of the load off
of one’s mind when things get busy on sceng or in transport.

The basic idea of the flow is something like this:

ﬁ set the machine up J
Faddmss the Three Big ThingsJ—
F keep things going J

[ fix problems when they come up ’

.|
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How to do Vent Stuff %

Set the Machine Up i
1. Prep IBW gudes (kB) é.3(heighl in inches) - 60) + 50
) IBW cpicks (kg) =(2.3(height in inches) — 60) + 45.5
a. Get a report from sending TV = 6-8mlkg
b. Do some arithmetic: IBW, TV, MV MV = 100ml/kg (IBW) /min
C. Assess the patient
d. Consider a strategy l do we like what we see? l
e. Check circuit, attach EtCO; and HEFA filter, - s ]
consider need for HME and/or suction s
‘ match their settings | | can we fix it'?—l
2. Determine Settings I = " ]
a. Patient Already on Vent (see algorithm, right) | dova | [
b. From Seratch awesome, do start over from scratch ‘

i. Turn on machine and leave at default ’ Sge Description e D RR | Ltime (5)

mode and control o/ Infant .083 (1 month)-1 | 30-53 | 0.3-0.6

ii. Dial in desired TV for 6mlkg ' __Toddler 12 22-37] 0.4-09

(or PC at 10-15cmH20) Rreschooler . 3-5 22-28 | 0.5-0.9

i, Adiust rate chool-aged Child 6-7 18-25| 0.6-1.1

« ag) . Big Kiddos 8-9 1725 0.6-1.2

: 1. Adults: to MV goal Preadolescent 10-12 14-23 | 0.7-1.4

\ 3 2. Kiddos: using a reference range Adolescent 12-15 12-20 | 0.8-1.7
iv. Adjust I-time using a reference range Adult loandup | 12-20] 08-1.7

v. Leave all other settings at machine defaults unless one of these considerations applies:
Strategy | Things to Do | 2 & | )
Obstruction | intcrease L: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 _» # 7
Hypotension | limit PEEP; increase TV-and then decrease RR to maintain MV

Acidosis use high end of TV (goal): SJmUkQIBW ; increase R%: pre-intubation rate, to get prior/goal EtCOz, or double
normal value >, o) 1
ALV ARDS | higher PEEP

&

\::{'\ 3. Initiate Ventilation ([\clamp tube if concerned with de-recruitment)

/

| \ Address the Three Big Things | /

Parameter Assessment Normal “Actions

Oxygenation SpO: 93-99% Low: consider position & suction, increase FiOz, increase PEEP, increase
I-time, consider pathophysiology/ medieatians

High: decrease FiOz,fimless contraindicated, i.e. pregnancy, anemia,
hemdfchage, "R, shock, etc.) 0/

Ventilation EtCO: 35-45mmHg | Any abnormal value: consider etiology/ patient compensation for acid-
(low end for TBI) | 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: (rie?Y l;"uf-j(u; ] {7z

MV 100ml/kg/min | Low: increase TV and/ or RR Y A
(2x with acidosis) | High: consider patient comfort, decrease TV and/ or RR, consider SIMV
Comfort “Ramsey, at provider analéesia & sedation, consider settings (MV and I-time), also consider

ANVPS, etc. discretion accidental triggering
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Keep Things Going

l. Set (a!nd Troubleshoot) All Alarms
2. Consider Pressures (every time vitals get reassessed)

arameter Normal Actions A
){Eak }\}sr)iratbry Pressure (PIP) <35cmH,0 | consider potential causes (lung and airway issues) by checkimg Pplat
decrease TV (or PC)
Rlateau Pressure (Pplat) <30cmH20 | consider potential causes (lung issues)
decrease TV (or PC)
utoPEEP none increase I:E (lower RR, shorter I-time)
-7. consider inadvertent triggering, trial VC if in PC, avoid high PEEP
disconnect circuit to allow exhalation
Driving Pressure (AP) <15cmH>0 | decrease TV or PC
consider more PEEP and permjsSive hypercapnia

consider recruitment maneuvérs /

Mean Airway Pressure (P,,)

not applicable

monitor for trends and investigate further

3. Make Adjustments Moving Forward

Etralegl'

Things to Do

‘General Stuff

if oxygenation is all good, go down on FiO2 (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 200ml/kg/min)
also consider Winter’s Formula to guide treatment

ALV ARDS

consider titrating TV down to 5ml/kg, then 4ml/kg to maintain AP <15¢cmH.0O
increase PEEP to maximize oxygenation, consider stepwise approach
consider recruitment maneuver if hypoxia persists

Fix Problems When They Come Up

acute deterioration: wif to do!? _ Iung issues _
abdominal distention/ ascites der positioning
atclectasis recruit some alveoli (via PEEP and/or recruitment mancuvers)
AutoPEEP increase 1:E ratio, tnal VC, maybe adjust PEEP, disconnect circuit
I start with the basics: ABCs I chest wall bumn escharotomy
pncumonia utilize PEEP to displace fluid
pncumothorax remove from vent; needle decompression, chest tube, or finger thoracotomy
pul y consider ALVARDS strategy
[ usc alarms to guide treatment J pulmonary edema utilize PEEP to displace fluid
r address the Three Big Things _I airway issues
piration —— ion (prevent further aspiration), consider ALVARDS strategy
bronchospasm ————{——f fix with drugs, implement obstruction strategy
ETT occlusion ———————— address comfort (biting), swap tube (something stuck)
r address airway pressures l secretions —— 1! suction

-118 -
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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 e_xhaUSUVB
list, but just some places to start for getting better at the management of vented patients. Also recognize that
each 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 Text, Web-Based
EmCrit Dominating the Vent Series Deranged Physiology. section on Respiratory
Part 1, Part 2
i
E§RE
¢
=

RebelEM, Simplifying Mechanical Ventilation
FlightbridgeED Vent Series Part 1, Part 2, Part 3, Part 4, Part 5

Part 1, Part 2, Part 3

% g s B o8
u
O]

Video, Vent Specific % %
p

Strong Medicine Series on Mechanical Ventilation

% i (*; ‘, ' \‘ "‘ 0 ‘o Text, Books to Buy
® H k' v
Ventilator Management: A Pre-Hospital Perspective
Thoracic.org Videos on Mechanical Ventilation by Eric Bauer
Eispe | 5 frem M. Yo BRGE
i tms Lo o Loter
) | :o“'d?ﬂ'
\ Vent Hero: Advanced Transport Ventilator
Video, Physiology Management by Charles Swearingen fl
Ninja Nerd Science, section on Respiratory '| % \ \!\\ Y
| 5 AR RN
o | ¥,
| N D §
m ¥
\\\.n
Kahn Academy. section on Advanced Respiratory \‘\( .
System Physiology Lo) (:‘f res)
O&V' % -'\l\it’ \ \\
E ' bl o A
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Appendix N W

Alveolar Gas Equation

_The alveolar gas equation allows us to calculate the partial pressure of oxygen in the alveoli in a given
set of circumstances. We used this equation to get values listed in some of the graphics throughout this manual:

1 ATM = 760mmHg rd i ’
PO: = Ibol.'ang 1. L
PCO,=0.3mmHg at the alveoli: 9‘ ' }é “
PO, = 100mmHg V' ar
PCO, = 40mmHg
S pulmonary capillaries:
) PO; = 40mmHg
PCO, =45mmHg
because there is an open system between the ambient air and the alveoli, 0 z
the overall pressure at the alveoli is also 760mmHg, however the partial j‘
pressures of the components are different along the way e *‘
(’07
The equation goes like this:*'® fro;
. /,{ T 7 0
PAO; = FiO2(Pam — Pu20) — (PaCO2/RespQ) p - P
PAO: is partial pressure of alveolar oxygen \ , 0~
FiOs is fraction of inspired oxygen, 0.21 for ambient air A\ PO 4
Pam is atmospheric pressure ‘ 3
Puzo is partial pressure of water vapor at the alveoli, 47mmHg / ¢~ [evel E" NoE)
PaCO:s; is as measured by ABG (or approximated from EtCO:), we’ll say 40mmHg
RespQ is respiratory quotient and is assumed to be 0.8’ ’
inen that Resp Q = 0.8, we sometimes see the equation simplified as so:
PAO; = FiO2(Pam — P120) —1.25(PaCO2)
Nld since Pam, P20, and PaCOy are all held constant in our thought experiments:
PAO; = FiO2(760 — 47) - 50
PAO: = Fi02(713) - 50
200 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 leamers than how it is represented here . . - -
217 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 yourself an exercise
physiology textbook, likely to be some-intel the‘f)
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/Rut back to our original equation:
PAQ; = FiO2(Pam — Pi20) — (PaCO2/RespQ)
PAO:=0.21(760 — 47) — (40/0.8)
PAO; ~ 100mmHg

X{ther iterations of the alveolar gas equation that we demonstrated in the manual are shown here:*"*

; PAO:; at 100% or FiO2 1.0 (no PEEP)
PAO; = FiO2(760 — 47) — 50
PAO; = 663mmHg

PAO:; with 5cm PEEP?'? (room air)
PAO; = FiO2(760 (+ 4) — 47) - 50
PAO; #101lmmHg

PAOQ: during inhalation (20cmHO of pressure, no PEEP)
PAO: = FiO2(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
FiO» and PEEP affect PAO,. And then if we know how much oxygen should be getting to the alveoli and can
measure how much oxygen made it into the arteries (PaO> 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 oxygen 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.

/

21% And this was back in the section on Oxvgenation [ZSp6s)

219 Jyst a friendly reminder that SemH:0 is roughly 4mmHg
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Mechanical Dead Space
In order to determine the effect of mechanical dead space, we first need to kn(y/hzw much-velume each

of the extra components takes up. This varies a lot depending on which specific devi use and can be
found on the product labels that come with those devices. but we’ll just generalize it here:

EtCO, detector: 5ml

other potential things
in-line suction contraption/ angle: 5ml

flexible angle adapters: 10ml
filter: 50ml or more!
HME: 35ml

distal bit of ET tube: tetal estimate: S0ml
2ml for the a dapter, plus (excluding the filter, smce we often put it elsewhere)

the tube itself (2ml)

A%
|
New let’s say we want to figure out to what effect 50ml of added dead space impacts ventilation (and
our perception of that ventilation) in our patients. this gets a little weird and 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:

assume a patient of 65kg IBW
being ventilated at TV 6ml/kg (390ml) and RR of 17
MYV 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
Alveolar Minute Volume (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 L
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We already know that there can be a discrepancy between these two versions of VA, the one with
mechanical dead space left out and the one with it included. But now let’s consider the idea that the amount of
CO: produced per minute doesn't change from case to case, rather it's simply the case that less of that CO: gets
exhaled. So how much CO» gets left behind in the system what and kind of effect does that have on the body?”
To answer the first question, let’s look at the following relationship:

Vp _ EtCO, — PECO,
TV EtCO,

Now there are two versions of this formula that use PACO: and PaCO: rather than EtCO., but it has -
been proposed that this representation might be of value in calculating dead space in practice.” So simply f6f_
the sake of this example, we will go with that. Now that PECO- value is something we haven't discussed yetyit
is 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 CQf)(FeC02) is about 4%:*!

(2

PECO: = FeCO: (Palm = Pwalcr)
PECO: = 4% (760mmHg — 47mmHg)
PECO; =~ 28.5

now if we use that value and the previous equation,
we can solve for an expected EtCO: in either of the dead space cases in question
77 only anatomic dead space:
130  EtCO, — 285
fus 390  EtCO,
EtCO: ~ 43

with mechanical dead space added in:
180 _ EtCO, — 28.5

390  EtCO,
EtCO; = 53

Ak

N/, . . .
20 Sighal, 2016 — This is a theoretical thing and would require fyrther experimentation, but it serves the purpose of showing to what
extent dead space might impact quantitative measures of EtCOY, all other things being equal
221 §eyMed, 2018 — Good reference for calculations and normal values for all things physiology
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Now a difference in EtCO; of 10mmHg doesn’t necessarily mean that a corresponding quantity of COz
remains in the blood and impacts the body. The purpose of this exercise was simply to show that the potential
exists for a buildup of CO,. In the transport setting where EtCO2 monitoring is routinely used to assess
ventilation, we would simply increase MV to bring that second value into a normal range. But let’s suspend
that idea for just a moment longer and consider what impact this might have if we failed to do that. hoastady
PBWWT@, 22 researchers looked at this very problem and determined that removing 115ml of dead
space from a circuit resulted in decrease in PaCO: of 11mmHg and an increase of pH from 7.30 to 7.38.
Furthermore, they were able to do that with less MV. Now this was in patients with ARDS in which one of our
concerns is the amount of air needed to maintain ventilation and consequenc s of that air on the patient’s
pulmonary system, but the findings are pretty significant. 7

New back to our discussion and application to the transport setting: [ 9/said just a moment ago tha(:;.\?v1
could potentrally avoid this increased CO: retention by monitoring EtCO: d increasing MV to accommodaiey) /
B{H the truth is that doing so isn’t always a benign thing. Going up on TV or PC will increase pressure (Pplat—~
and AP), while going up on RR has the potential to cause discomfort and increase that %TaDP concept. 3}/Sn’if
we can promote CO; removal while simultaneously avoiding all of those things, this seems like a pretty g =
reason to be conscious of adding unnecessary things into the vent circuit whenever possible. ‘

One last thing about all of this in regard to kiddos on VC ventilation. We mentioned way back when™*
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 and how w¢ can mitigate it all. The example was a 4 year
old kiddo of 18kg: } / ”
(A

TV = 6 - 8ml/Kg [BW
TV =6 — 8m)x 18kg
TV = 108 = 144nil

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

MV calculated = RR x TV
MV calculated = (20 — 28)/min x (108 — 144)ml
MV calculated = 2160— 4032ml/min
MV calculated = 2.2 — 4L/min

22 Hinkson & friends, 2006 — Small sample size, but significant findings that support the idea of limiting mechanical dead space
23 'And refer back to those respective sections for more: Plateau Pressure, Driving Pressure, Comfort, and Hypotension

24 [, the section A General Vent Strategy
e
@
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Just as with the adult patient, we have anatomic dead space that is always there and then mechanical
dead space that we add in. But we never did consider that the vent tubing itself has some flex to it. If you look
closely on the label of your vent tubing, it may say something like “compliance 0.0008L/cmH20.” So let’s take
that hypothetical example and run with it: '

let's go with a TV of 6ml/kg (108ml) and a rate of 24
MV calculated = 2592ml/min

VA =RR x (TV - Dead Space) ‘ ‘

[ U Nt j{‘\ ‘ /; B F

to summarize all the dg;d,sﬁ)ac;v?e/omponenls: JHECTH o
we know we have about 36m}A(1/3 of anatomic dead space : 5 Ao

let's say 20ml of mechanical because we have a pedi HME and EtCO: detector
and let’s assume a AP 12cmH-O to get to our TV goal
0.0008L/cmH:0 x 12cmH0 ~ 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/mifi), but we could then look at
VTe and EtCO: to titrate up to an appropriate level. But what if this had been 27/ 10kg one-year-old?
oV 1ur
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
MYV goal = 1000ml/min
VA = 30/min x (60ml — 46ml)
VA = 420ml/min
we are still cutting jt pﬁﬁftulose and will have to titrate up on MV pretty quick

So the moralof the story here is that we should either ventilate these kiddos in PC mode (to bypass this

vent circuit stret g{?{/’dead space concept) or start at a higher end of normal TV (8mUkg) and be ready to quickly
go up on MV as soon as initiating ventilation in VC mode (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. )
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Age-Based Settings

. ; i and I-
In an effort to make recommendations about vent settings for specific age groups, specifically RR
time, here’s how the process went:

1. Make assumptions: th225
a. “Normal Respiratory Rates™ as outlined by PALS are good enough to work wi
b. Normal RR range for an adult is 12-20 (cited in many, many sources) _ _ i
c. A normal L:E at rest/ spontaneous respiration is 1:2, but we often work with a ratio of 1:3 for
vented patients®°
(
2. Fillythe gaps in the PALS “Normal Respiratory Rates™ data set:
4. What gaps?™’

ANSEEE AN
ASEN AT

Assocsamon.  fCHIIN M A
N

no data for
preadolescents

Systolic
Pressure
{mm Hg)
%54
6076
8784
72-104
86106
89 112

Bah (12 h <1000 g)
Bath (127 3 kg
Neonate (96 hy
Infant (1-12 mo)
Toddier (1-2 y)
Preschooler 3-5 y)

no nfo for the

School-aged chad (6-7 y) 7-115%
8-9 year range Preadolescent (10-12 ) 102-120
Agctescem (V2 15 y) 1o 1

225 And while there are gaps in their data, we can fill that in

226 And this may be by convention of leaving I-time set at a given value, not necessarily
but regardless. we'll get a range ol possible values using both 1:2 and 1:3

27 PALS, 2016 (image) — And we said already (section on 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

because that's the thing we ought 10 be doing;
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b. Plot the existing data using both high and low ends of RR by age, make charts, then add lines of

best fit:
... Chart 1 Chart 2
3
© -
E L] y = 29 §26c2%n ;w T y= -1 3E78x ¢+ 29.128
‘! s R - 08829 £ 38 R'=07136
e = foe e
£ 225 T,
e, £
é?n e L 3 .. 52" L " W
5 s s T
W I 3 ‘v .
g0 10
i £
§ 0 0
0 4 6 % 10 12 14 16 0 2 4 6 8 10 12 14 16
Age (years) Age (vears)
Chart 3 Chart 4
gau Fw 761 + 429
s =42 41t 1 9776
g™ ® e s,u' . R =064
£ .. i
§° e 5 Ve,
g o £ Fac e
< o Een e « o
im ......... a.. - Em R .
Elu ; 10
s s
0 £
] 4 [} ] 10 12 " 16 & o 4 6 i 10 | It 16
Age (years) Age (yean)

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 (yrs) RR

Infant .083 (1 month)—1 | 30-53
Toddler 1-2 22 -37
Preschooler 3-5 20-28
School-aged Child 6-7 18 -25

Big Kiddos 8§-90 17 — 25228
Preadolescent 10-12 14-23
Adolescent 12-15 12-20
Adult 16 and up 12-20

¥ Range here was calculated to be 17-26, but we went with 25 since range for School-aged Child was to a max of 25
arbitrary decision, but makes the final product flow a bit better

— this was an

-125 -
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3. Do a lot 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. Put all the data (both RR and I-time) into a chart:

|

| Age Description _Age (yrs) RR | I-time (s)
hfant .083 (1 month)—1 | 30-53 | 0.3-0.6
Toddler 1-2 22-37| 0.4-0.9
Preschooler 3-5 22-28| 0.5-09
‘School-aged Child 6-7 18-25| 0.6—1.1
. Big Kiddos 8—9 17-25| 06-1.2
Preadolescent 10-12 14-23 | 0.7-14
Adolescent 12-15 12-20| 0.8-1.7
Adult 16 and up 12-20| 08-1.7

-126 -
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ol Hypotension Strategy Math
W, In the section where we outlined the Hypotension strategy, we introduced a concept which we labeled
1 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 systen (i.e. inspiration) then we can mitigate the exacerbation of a hypotensive
X" state. The result was a strategy that included a shorter I-time, higher TV, and lower RR. We also mentioned
“ r that there are other rationales for this strategy: less dead space and lpwer P... We are going to calculate out
\r\‘_ these differences here just to give some more legitimacy to the argfu'mf;nl. _
' But before we get there, one other thing to mention. PEEP.is also a contributing factor to hypotension in
the susceptible patient,}‘6 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 patient (especially in light of the Paw calculations we’ll show in just a moment),
recognize that oxygenation is also super important and PEEP is one of our tools to maintain that. Other specific
benefits of PEEP that'd we'd like to maintain in these patients include ease of triggering spontaneous breaths,
alveolar recruitment, and decreased left ventricular afterload. >* Last thing: the PPV/ PEEP - decreased
preload = decreased CO sequence of events®}! can be mitigated by euvolemia or fluid resuscitation (to
maintain.a4€V-P-greater than PEEP).
_ " 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
L 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
“Tf 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 ¢liminating PEEP can significantly reduce P,w, which theoretically
lessens the negative consequences of PPV, Just know that there are multiple variables involved in this practice.
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:

w4

General Strategy
(amikg TV) TV 390ml MV = 6630ml/min MV is basically the same
- Anatomic Dead Space 130ml . (Dead Space = 2210ml/min)
x 17/min
Alveolar TV 260ml VA = 4420ml/min Dead Space is more in the
J General Strategy
Hypotension Strategy |l v 7\
(10ml’kg TV) TV 650ml 7 MV = 6500ml/min VA is greater in the
- Anatomic Dead Space 130ml 0.~ (Dead Space = 1300ml/min Hypotension Strategy A
20, A= 52 i :
Alvoolr TV 520 ¥ D/ which means better efficiency,
o . A~ WYZOo with the Hypotension Strategy
~  Hicel
i L e 4 (07 | R note that anatomic dead space per breath is the same in both cases
19 0./mle

29 iscussed way back at the beginning in PEEP
230 yansev. 2019 — He also discusses the idea of mitigating the effects of PEEP, discussed below

1 We mentioned this very same idea in How is Positive Pressure Different?

*
I i J“\é}‘\\

-127-



33333333330380383800000000000400404dd0880000000000¢

Return to Contents

/ e #
. This idea of better efficiency refers to the coicept that in the hypotensive strategy we push less wasted
air-mio the system. We 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 ne (| concept { ;;liscuss’ is Paw. The airways and lungs live inside the thoracic cavity, so if we put
pressure into 1@:@&6& ﬁqmn wdee changes to pressure in the thoracic cavity. The idea is that Paw directly
correlates with a concept called intrathoracic pressure and intrathoracic pressure, in turn, is the thing that causes
all those hemodynamic changes associated with PPV.**? Now it gets exponentially more complicated than that,
as pressure at specific components within that thoracic cavity, all of which are tied to hemodynamic function,
vary significantly (in terms of influence on function, not necessarily quantitatively),233 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. So theoretically, if we limit P,w We can minimize these potential negative consequences. At least
that’s the idea.

Paw is normally measured by the vent itself, but there is a formula to estimate it using values for I-time,
P@nd PEEP (and also Totw1, which is the amount of time per breath or 60s + RR):

Paw = 0.5 x (PIP — PEEP) x (I-time/Tiowl) + PEEP

Using this formula, we built a spreadsheet of possible Paw data points for each strategy on different
values for PIP and PEEP:

General Strategy Hypotensive Strategy

PIP PIP
P 10 [15 [20 [25 [30 |35 e 10| 15[ 20| 25| 30 [ 35
0142 213[283[3.54 (425|496 0067|100 133167200233
1]228(298]3.69440]5.11 (582 1160]193]227260]293]327
PEEP | 2[ 313 384 455|526 | 597 6.68 PEEP | 2| 253|287 (320353387420
3/399[470( 541612683753 3(347)380|4.13[447[480(5.13
4|485)556|627]698] 7.68 | 839 4440473507540 573| 607
5(571|642]7.13]|783]854]925 5[533| 567600633667 700
6|657]728]798]869]9.40] 10.1 6|627] 660|693 727|760 793

| E o M/'LJ ;“%\"‘?u&’

’ [t t
a4

232 Chiefetz. 2014 — Similar discussion to some of the other references cited previously, but specifically focuses on this idea of P, and

the balance between oxygenation and the negative consequences

233 | yecke & Pelosi, 2005 — Very detailed discussion of the physiology involved in all of this

EIgAEE ElEsEl
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1
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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
0\(eral] 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
Paw 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
Pawi

General Strategy Hypotensive Strategy

PIP PIP
Vi 10 [15 [20 [25 [30 [35 Ko 1015225 3] 35
0] 142]213[ 283354 425|496 0067100 133]1.67]200]233
1[228[298]369]440(5.11][582 1[160]193]227]260]293]327
PEEP | 2 3.13 (384 455[526( 597 6.68 PEEP | 2| 253 | 287|320 | 3.53 | 3.87 | 4.20
3(399(470] 541612 683753 3/347[380[413|447[480(5.13
4] 485|556 7N 6.98 | 7.68 | 8.39 4] 4.40[473[507[540 L575 607
5|5.71 6.4{ 7.13 y.ss__x..sg 925 515335671600 6.3_‘{ 6.67 y.oo
6657728798 1/869 940 101 6627660693727\ 760/793

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.

Just to summarize things for this section: the hypotensive strategy includes shorter [-time, increased TV,
lower RR, and keeping PEEP to the lowest level needed to maintain oxygenation. We discussed the idea of
%TaDP back in the section on Hypotension and then we added to that just now the idea that this approach
results in both less dead space and a generally lower Paw. And while PEEP is a major contributor to Pay, it also
serves to maintain oxygenation; this means we ought to use caution in titrating it all the wa}ﬁto zZero.

Tow,
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A Personal Reflection

Wait for this bit until it's all done ©
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