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A Personal Intro

There are a lot of good reasons why I thought it’d be good Lo put together a primer on vent management,
put the main one is that roy first vent experienice was 2 near-disaster and I'd like to share what o lFamed .
then so that others can 2yoid what 1 had to go dwoengh. ! 2lso think there’s some room for diversity in how we,
as an industry, present Giaiedial 1o each ofher . 1d tuove Torward with our underst anding of complicated things.

And lastly, I hope is that thic iforotivg style ot - (iting can e of help to some folks and maybe inspire others
to do the same and build on the whols idea. Collaborating together to improve our skills and holding one
her accountable to live that out throuph clinical practice means better care for more pcopic. )

But to start with the awful beginning story: [ was brand new to an ambulance service in New_ Mexico,
paving moved from P burgh about iwo years after T first got my medic. 1was still green but felt like 1 had
gotten a lot of expericuce back in the city and vas maybe a tad over-confident. Anyway, I started at this rural
service in mid-November and the call that prompted my journey down this path of ‘{;ntllator self-education was
the day after Thanksgiving. 1had basically just arrived in NM, barely gotten smth_ed mtorlhc second EMS
service I had ever been given medical control at, and was tumed loose to practice in the field.

Things were different for sure. Five- and ten-minute transport times had been replaced |?y ones T'h?t
sometimes took hours. With a five thousand square mile coverage area, the ambulances were giant-machines
that could be rigged to carry three patients cach and would never have made it in the city alleys. _Protocols and
capabilities were a lot more lenient and included vents, surgical crics, hiking 10 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 huqdned
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{@xtm six-ish hours of that second truck being gone from the service area. And when
[ was asked if [ was OK Wit a vent patient and a psych patient going up to Albuquerque at the same time I
didn’t turn it down 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 figured it might be because the patient wasn’t
listening to the vent settings we had dialed in before leaving, so I paralyzed him — also per the lesson T had
received. And that worked for a little while. Then I started getting more alarms and a low sat, so I did what all
good medics do and disconnected the vent, grabbed my BVM and had the EMTs up front pull over so that one
of them could hop in the back and give me a hand.

. Sats stayed low, the alarms were yelling at me, the EMT was like, “come on, bro, get it together,” and 1
diiin’t knou{ 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. That happened, we had the airway secured, sats came up, and then I handed
the‘bag off to the EM'i“ 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 it. 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.
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PEEP
sk positive end-e
-expirator . . PPV
I y pressure; PPV - positive-pressure ventilation: PCO; ;
2 arlia S .
PO: - partial pressure of oxygen I pressure of carbon dioxide

Some Very Basic Physiology

Before discussi e a n c
ussing mechanical ilati > £O tal concepts of the respiratory
; , - ventilation, we need tg ver fundamcn
» ea ¥ 1 ° |
system and the brea hing process. The stuff outlined here is intended only to gilve a fi uliid : fr i
a foundation for

understanding vent ms
Ing vent management. Onc recommendation for looking i i
ing into the details beyond this (much of which

comes up later when v
e talk about specific Jiti
: o conditicns) is & #00 i
textbook or any of the references noted. ! HiRe sregmatiet e eyl

The N aihi
ormal Brezihing Process

Let’s start wii i
Wiin a picture ¢! vhat maj
exhalation. Ati HE P QR WAL I O COmpONEntS We Are W ork . -
ts most basic, we have the lungs and the iarge airw vorking with in normal inhalation and
he large airways:

We also have the chest cavity and the diaphragm:

44 i
Also see Suggestions for Further Stud) at the end for more content on both venl managemer tand the ]Jl ysmlog behind it
Y
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s expand = .
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)
Js: most important to our discussion is the inferior
i - lie the heart and great vessels;
Inside this same cavity
vena cava: L
.
+ ' =
l 1
I
1
1
We have a system that normally functions by contraction of the diaphragm (with or without help from

» .. 2 IS
the intercostal muscles) to create a negative pressure, sucking of air into the Jungs. Because this air movement

urs via negative pressure blood return via the inferior vena cava is facilitated by normal ventilation.® This
ocC y

will be important when we move on fo talk about positive-pressure ventilation in just a minute.

? Hasudungan, 2014 - To review the physiology of breathing in a bit more detail, refer to this video
3 Azizov, 2017 — Another video that explains the mechanism by which normal breathing supports cardiovascular processes

)
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" 1yfC ; PCOn A8 bon dionade
PEEP - positive end-expuatory pressure, PIPY pasitIve-pressuie ventitation: PCOy - partial pressure of carbon dionid
PO, - partial pressure ol ovygen

Zooming in, the image below shows blood vessels encircling little sacs, known as alveoli, which are the

homestay of pulinonary gas exchange where 0xXygen (02) govs into the blood and carbon dioxide (COz) goes
out:

‘sarygenated blood from pulmonary artery

tarmming it axygenated blood to pulmonary vein

8oty el

reapiraton! SHonciiomo Fa. aiveolus
—a us

—capillaries

alveolar 3&¢ ——— |

A simplified version of a single alveoli with a corresponding blood supply can help us understand the
pathophysiology of different situations:

4 Graphic built by Dr. Sameer of Art by Dr. Sam on Fiverr and The Young Orthopod on YouTube
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ARDS - acute respiratony d

< and i s
i ingle alveoli and its blood supply. Note t);
s to that EORE ofass ar% constantly shifting to reach equilibriur

; ot
{ the alveoli and %h"‘:fe is a new supply of blood and a reset of the ,3|-adi2:tt:3

alveoli to pulmonary capillaries.happens I M
x;_:ame (i.e. how fast these gasses diffuse) bein- ‘}?e“lckly.

at in Te
Jet's add som¢ numbe!
|ly moving past the
];faloided and oxygen 18 onloaded,
Plus the diffusion of gas;es_fro
ly aren’t worried about this time

Next, let's
Jife blood is coqnn
carbon dioxide 15 ©
across that membrane.
This means We genera -
imiting factor in this process:

ient air = 760mmHg
= at the alveoli:

PO;= 160mmHg
PCO, = 0.3mmHg PO, = 100mmHg
PCO, = 40mmHg

’—\/_ pulmonary capillaries:
~—" PO, =40mmHg

PCO, = 45mmHg

jent air and the alveoli
is an open system between the ambient air and )
G the alveoli is also 760mmHg at baseline, however

verall pressure at )
met:e pmigl pressures of the components are different along the way

The pressurc gradicnt or difference from alveolus to capillary is drastif:allly different wh'en comparing
the two gasses: 0Xygen has a pressure difference of aboqt 60mmHg, carbon_dloxuie has one of _]‘ust.SmmHg.
While this may seem, at first glance, to put the body at risk _of some sort of lmbalance,‘carbon dioxide moveg
more easily through the liquid membrane (roughly twenty times s0) and the net result is that oxygen and carbop,

dioxide exchange at about the same rate.

5 Betts & friends, 2013 — This chapter discusses these numbers in the context of Dalton’s Law and lists all the values we used except

for POsat the alveoli; that one is cited as 104mmHg in their text, but we calculated it out in the Appendix and use our calculated value

to maintain consistency throughout this text
¢ Speller, 2018 — Outlines how both oxygen and carbon dioxide diffuse in the pulmonary system within the context of gas laws; do
note, however, that certain states can slow this process down (and we’ll get to those later on)

[E5A
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PLEP " -

B - nosttve end-expintor pressure; PPV — positive-pressure ventilation: PCO - partial pressure of carbon diovide
PO, -~ partial pressure of oxygen

How is Positive-Pressure Ventilation Different?

i Now wc. need to consider what happens when we bypass the whole negative-pressure mechanism for
vgntl ation and instead opt for a positive-pressure approach ! Let’s start at the top with the basic sketch of
a“'Wj"IYSI and h":iit superinapesed on the chest wall and dizphrgm. When we ventilate by positive-pressure
) » haw P 2

.Vet':'“at'o" (PPY) we have to dly displace the dizphragm and chest wall while simultaneously pushing air
Into the system. This requires o 1ot more pres han we needed i 5

, § 35 & ore pressure than we needed for that negative-pressure, spontane
mechanism: : : i i

dre ' ok
»75ve process ':“"“
¢ pushung” of o ‘m"‘"‘m tf:lmmg R

by e macbing

N /‘\
\J A /

¥ \ f/ ),_,/\z:‘ \

| \/ L \ ; ,/\l [ N ‘

I N, ™~ \ I\ /

\/ Y\ \J U
\ A/
B ~

We will get to airway pressures and limits for them later on, but a normal Plateau Pressure (which
reflects the average alveolar pressurc in positive-pressure ventilation) is in the range of 15-25cmH»0; compare
this to the pressures represented in the following illustration:®

inspiration  expiration
|

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

intrapleural pressure p
range is -2 to -6 mmHg
(-2.4 to -8.2 cmH:0)

pressure (mm Hg)

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

We'll talk about the pimHg and cmH.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; graphic
built by Dr. Sameer of Arf by Dr. Sam on Fiverr and The Young Orthopod on YouTube .

Ao
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ARDS - acute respirafory diress syndrome: rmH:U();CI\I\l:\I\“;::.\(l)l\' alright Ury
) N — intrathoracic pressure is the cffect it,c::: gfcvi :nx; cardiac outpy,

The biggest !mpact ﬁ:c cz:n ldccrease blood retur f0 [h.c he.m wa. pressure cava, r. -‘Ulting 1
lncreasci iﬂ:::;g‘:;(‘f fl:::zforc‘ Jess output.” Let’s represent It this way:
decreased p N pas dv?::;;m:sﬂhﬂon

"m(?'z:’ggo) blood return (potentially) compromiscd
blood return

ive-pressure ventilation (which may still occur even if we have all the

+ discomfort, muscle fatiguc and/ o weakening,'” and physiologic
changes to other body systems_l ! And then if we have things dia!ed in_ wrong on t%le machli]ne or do.n’t ventilate
appropriately based on patient presentation, we can alsq cause thmg§ llkc_du’ect u}{lury to t i, alve‘o]] apd
hypoventilation (lcading to shock). This is but a short list of the major things we’ll worry about in this manuaj,
just recognize that there is a lot of potential for bad and that’s why we need to )fnow how to manage the
‘machine to the best of our collective ability and to mitigate as many of these things as we can along the way.

Other negative sequalae of po§it
settings dialed in right!) would be patien

2018 - Both this video and the article explain in more detail on how positive-pressure ventilation
sed later) can affect cardiac output, especially with concurrent
decreases cardiac output (sometimes the opposite can occur), the

ardiac output sequence of events is most relevant to us in the

9Strong, 2013; Mahmood & Pinsky,
(and particularly Positive End-Expiratory Pressure, discus:
hypovolemia; while it isn’t always true that positive pressure
positive-pressure ventilation/ PEEP - decreased preload - decreased ¢
transport setting

19 Tobin & friends, 2010 — Outlines
patient make some intrinsic effort to breathe; while their ending ad
effort (something we don’t routinely have in the transport setting),
11 Yartsev, 2019 ~ In fact, navigate to the Respiratory System head:
of Positive Pressure Ventilation for more detail on all of this stuff

the idea that we can mitigate fatigue and weakening by adjusting vent settings to require that the
vice is to utilize an airway pressure waveform to monitor patient

it still provides valuable insight on the whole concept

er at the top of this page and then down to the section on Physiology
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o
PEEP positive end=expiratory pressure, PPV - positive-pressure * entilation PCO: - partial pre
) PO [\.\HIJJ pressure ol ovyeen
/ vy - - . . D
| Wesalready saw how a pressure waveform might look o\ e~ time with spontaneous, negative-pressure
breaths, 50 let’s sec how it looks with a machine-delivercd bieaih. /Note that there are different types of

machine-delivered breaths in this diagram (plus some terms to discuss), and we haven't yet gotten there; that's
totally OK and we just want to point out some general trends Lere. Big takeaway: the left set of patterns (the

ﬂomal)_|00k> nice and smoovs, without any harsh changes or drastic swings in amplitude; all of the others have
!l_IOSC things we doa’t wont. Anoiher noreworthy point is 1= ! the graphic representations of the types of breaths
(i.c. each column ai ihic thiree towards the right) are each slightly different. Sometimes one mode or type of

breath will be more comioriabi= for a ~ortain patient in spite of trying to do all the other things we know how to

do, simply because how that paneni’s “dy responds:'?

RSN e i control prossurs contral pres Surs support

pressung S i / -

y In an effort not to discourage anyone from ever putting a patient on a vent, there are advantages to
positive-pressure ventilation and mechanical ventilation. Most obvious of these is that it allows us t:) breathe
for a.patient in a relatively simple way when that patient is unable to do so on his or her own. More
S[:’cmﬁcally, mechanical ventilation allows us to control and dircct recovery with specific conditions and
diseases (such as acidosis, asthma, and ARDS - all of which we will discuss later on). Positive pressure can
help move oxygen into the bloodstream more easily, managing ventilation can help that oxygen get delivered
more effectively, manipulating time spent at diffcrent parts of the respiratory cycle can increase the amount of
time that %he body can participate in pulmonary respiration, etc. There are lots of good uses of the ventilator
fmd we will get to all of them in due time, so don’t worry if that got to be too much for a moment and know that
in spite of its drawbacks, mechanical ventilation and does have its place in the cosmos."?

12 Thi ;
Co:r;;fssi?’:me“lt"r“‘h;‘ Fhfu body wants Lﬂ terms of smooth waveforms and avoidance of harsh changes in amplitude is a subjective
- 1t seems to make intuitive sense, but there may not be a good way to verify the idea; graphic bui ot by
I[])r. Sam on Fiverr and The Young Orthopod on Y ouTube g Y el ot bl by D Shensocielidedy
Hill, 2019 - And if you need convincing that mechanical ventilation i ; ; .
ke entilation is preferred t -valve device, tak i
this discussion of a recent paper preferred (o simply using a bag-valve device, take a look at

reelE]
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- ratory distress \‘\n.lrunu‘: ‘\ ‘;HlLu\cplllmon.m\ S IBW ideal body wereht, kPa - kilopascal: kg — kilograms: Ibs - pounds: ml - milliliter; mmHg - milhmeters of mercur
'\RDSO -lk“"-llt \fllll\\l:ls‘. corp chronic ¢ 01 onygen: PRW - predicted body wetght, PSE - pounds per square mch
€Oy - caide \
ts wlrnon 7 cellula rezpiration
Other fmportant Concep N
Lo
B
ribe Breathing i *s chat about a fe g 14 v > bioed -5 0, ———
Terms to Des¢ 1y describe preathing, let’s € : W g, AN e N
ive : enation : \ e -
ferentiate the words that collectiVE 4+ breathes in and out Oxye 510 the 0, ) ‘ i
Just to di ercf‘lh s movement of air as th€ sgh the respiratory and circulatory sys' -5 ang firg s 1 ] i B. o '
G o the > ;i o T . ) ’ o ¥ p f
Ventilation refers t the air outside of the bodYs Lastly is respiration, which has two - ecifie type Lt Y Y
ransition of OXYECT s the tissues for use: en in the alveoli of the © 4 5. bod s~ 5 _—
s where it can be picked uP il  carbon dioxide and OXyge (7883 cellulg 6
capillarics Where 1 fers to the exchange of ¢ - cyes. To visualize 1t all, here are a few [ ingeg: s
Pulmonary respiration re! ble gas exchang® at the tissues:
respiration refers to 2 compars There is some overlap betwieen oxygenation and pulmonary respiration in all of this, but it helps to

separate thesc ideas. When managing the vent, we typically focus on the processes o f ventilation and
oxygenation. While respiration (in both forms) is very important, our ability to manipulate it isn’t as
straightforward as it is with ventilation and oxygenation. That said, we can actually influence all of these

l ventilation ]
processes with the ventilator and we will point these things out as we gei to them. s
i @@ HES

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

_‘5 Hasudungan, 2018 — This video is a general recap of respiratory system physiology and the oxygen-hemoglobin dissociation curve,
it shcds some insight on this idea that ventilation is intricately linked to both pulmonary and cellular respiration; we will reference it
again when we discuss Oxygenation

14 Betts & friends, 2013 — Explains in more detail the processes of ventilation (Section 22.3) and respiration (Section 22.4)
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ot management and we are going t!((’i Y 16 both gip,
be an intimidating concept 11 Y21 rart with, there ar¢ four types of dead < .¢ that
an be an

Dead space © . . which it maters: |16 Dead space, s 2 term, can be e 1 des

Dead Space

L ; A o C
it and identify specific snruarlrns;aymlogm and mecha!;l:;p « of dead space is of concern in a | 1oy Situati
1 A ames: ic, alveolar, ize whic n
will discuss: anatomic, put it helps to rec0
ut it help: Vo. . oyt
any one of these s“bry[g;%es sec dead space notﬂ_mdj':cd in the respiratory cycle that cannot periicipgy, in
, /¢ SOl s Ir IV
And know that we d space is the a

and oro-pharynxes and extends oy (g the

: o
Fis U anamr:ju;yd::c blue lines, it starts &t the nas

exchange. AS represente
terminal bronchioles:

mic dead space, in light of this graphic, WOI.J.ld be just abo.ut all the air
o ds up in the alveoli and respiratory bronchloles._ Now this graphic isn’t
e, so it sort of scems as if dead space is the majority of the air involved, but that isn’t the case. There are
to scale,

th d terminal bronchioles in a single lung and hundreds of millions of alveoli total, so the majority
over a thousand te

£ air ends up in the alveoli 17 1p’s also worth noting that this process is Ayl S A il e
of air ends up g

fers to the ir outside of the alveoli and respiratory bronchioles when those alveoli are fully inflated at peak
refers to the

inspiration.

Another way to describe anat
involved in a breath other than what en

16 Yartsev, 2019 — This is the best content we've been able to find on this subject of dead space, very thorough and with references to

i tion along the wa . . , o
?7“;3[:1:: {&or:“:']i:;?iis‘ azgl;g; Ochs i friends, 2003 — And just to clarify: the terminal bronchioles I(marked by the tl'[lck blue ||ne'm the f;;
right side of this émphic) are different than the respiratory bronchioles, which are the stems distal to that blue line that feed into eac

cluster of alveoli
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Anatomic dead space is most relevant in our discussion 3¢ v=riilated patients when we need 1o alter the

amount of air that participates 1n alveolar gas exchange (ic */ent

rion). We will talk about this more later,
but we basically have two options when it comes to increasivg it

imount of air: increasing the frequency at
which we deliver breadss or in -easing the amount of air per br-:th delivered. If we add one breath to the
equation, we must cons der anatomic dead space and thereior: the amount of air to the alveoli is less than the
actual volume oi' that ciiirs breath. On the other hand, if we <impiy add volume to breaths already being
delivered, we get more of that additional volume at the alveoli because analomic dead space has already been
considered for each hroath '*

The next type of dead space 15 alveolar dead space. Alveolar dead space refers to the air in the alveoli
without a corresponding blood supply.'” The classic example is an emboli that restricts blood flow 10 a portion
of the lung. Other causes would include decreased cardiac output (i.¢. shock) and chronic lun
COPD). Itis worth mentioning that alveolar dead space 1s often described as 2n absolute thing, as n zero
perfusion to a particular alveolus. In reality, however, there is a spectrum on which ventilavon and perfusion
can corrclate. The details on that and a quentitative definition don’t mattei much in this discussion, but itis
good to know that there is some variation in defining alveolar dead space

In the normal human body, alveolar dead space is close to zero and we consider 't o be negligible. For
the sick or injured, however, we assume some alveolar dead space and proactively take steps to eccommodate
that. These actions, all of which we will touch on as we move forward, include ensuring adequate
oxygenation,” judiciously applying end-expiratory pressure,”’ positioning the patient properly, and maintaining
hemodynamic function to avoid shock states.”? All of these things collectively maximize the efficacy of the
ventilator treatment we are administering. In the event that no alveolar dead space existed before these
interventions, no harm is done. All of these things are of benefit even in the absence of alveolar dead space, but
they are particularly beneficial for those patients who do have some degree of it.

Next on the list is physiologic dead space. Physiologic dead space is the sum of anatomic dead space
and alveolar dead space and represents all of the dead space before we introduce our devices into the system. In
the healthy person, we often assume no alveolar dead space and therefore physiologic dead space is equal to
anatomic dead space. The utility of knowing physiologic dead space is that it can be measured and then used to
calculate or estimate those other two kinds of dead space: alveolar and anatomic.”® But given that this isn't
normally a possibility in transport, the utility of describing dead space this way doesn’t much help our

treatment. That said, from here on out we will refer to anatomic dead space and alveolar dead space in an effort
to be more specific with our discussion.

disease (1.e.

' There are some nuances to this idca of how dead space varies with volume delivered, but we'll cover those later on in Volume
Control, Tidal Volume, and the Appendix

'9 Mason, 2019 - For an altemative explanation of alveolar dead space, refer to this short video
20 This idea of mitigating dead space via Oxygenation ties into the very next section on Hypoxic Pulmonary Vasoconstriction

2! Murias & friends, 2014 — As outlined in this article, Positive End-Expiratory Pressure can reducc alveolar dead space, but only to

a certain point; after that, further increases will create more of it
2 Yartsev, 2019 — Among many other things, this article describes how we can reduce alveolar dead space by both positioning the
patient appropriately and maintaining perfusion

2 Johnston, 2015 — This article reviews techniques by which we can measure physiologic dead space and then use it to determine a
value for anatomic dead space
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the naso- and oro-pharynxes. So while the net

change in overall dead space may be negligible as far as amount added versus amount taken away, we still wan

imi ilati inimi ssary things in our vent circuit when possible,

ize efficacy of ventilation and minimize unnecessa : possi
¢ mam’ll‘lhere is ano?her related concept to consider in this discussion of dead space t.hat doe_sn t quite fit any of
the types mentioned above. We like to think of all of these volumes as fixed quantities of air, but_ the truth is
that the containers that ho d therefore we sometimes see differences in

1d this air are flexible or have stretch an : 1
expected versus actual values. One example of this is that the amount of air we put into thg systerq doesn’t '
always match up exactly with air out of the system.” So where does that air go? Sor-ng of it stays in the alveoli
(see upcoming discussion on recruitment), some of it leaks around our cuff, some O.f itis 10§t to the‘tlssues 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.

cndotracheal tube actually creates 2 02
down to the trachea, essentially negating the dead space of

2 Heat & moisture exchangers will be discussed in detail when we get to Humidifiers
25 This difTerence between tidal volume and exhaled tidal volume will be addressed in Volume Control and then expanded on in

Tidal Volume
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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 we look at the package of the tubing, there is a
value that says how much volume of stretch a given circuii has per unit of pressure. We will rev-isil this idea in
later sections once we discuss 2 few of the concepts meniioned here, but know that in certain types of
ventilation we may inadverionily overestimate the amount of Zit delivered if we ignore the sm:'!ch of the circuit.
This is particularly rtevent wilh ait!s patients (1.c. 1 {ants), 25 the impact of this effect (ratio of misestimation
to potential outcoric) 3 more previonnced with smailer breaths. 2

Hypoxic Pulmonary wiocopsiiction”’

Hypm}ia results in vasoconst-iction of the pulmonary vascular bed (thus the term hypoxic pulmonary
vasqconstqctlon), which is opposite of what happens in systemic circulation. This mechanism helps the lungs
avoid wasting blood supply to patt of the lung that 1sn't getting enough oxygen - it’s @ mechanism to conserve
resources and maximize efficicney in the system. Tust as with other vascular beds in the body, the pulmonary
capillaries arc in a constant statc of flux and respond to the needs of the body and the availability of resources
(oxygen, in this case, being the driving force) by opening and closing.

_ Carrying on this conversation with a new term: hypoxic pulmonary vasoconstriction helps to avoid
ventilation/ perfusion (V/Q) mismatch, which could look like either of the following:™

\ N
\‘) \» “vaw t"ﬂq“
M SO S o
LR, o S@Q\i
P \'\\.“ | oS “\u@
o

6 ; 5 . TP
P Bauelr, 2018 - He discusses this idea of stretch in the vent circuit in his book on vent management; we also mention it in our
Alls]:;.:es‘:;:;n of Volume Control and then demonstrate this impact in the context of managing a pediatric patient later on in the

X
27 For more reading on the subject of hypoxic pulmonary vasoconstriction:
Dunha_m—Snary & friends, 2()17'I iThey describe how this response can be inhibited by certain interventions and discuss the role of
iypoxlc pulmonary vasoconstriction in different pathologies

umb & Slinger, 2015 — This paper outlines the timelines discussed and also poi i

; » 01nts out mi eV
R e P p a number of relevant pharmacologic agents
28 : . e ;
: Mason, 2019 - We just left out the idea of ventilation/ perfusion (V/Q) ratio in this discussion because our focus is on the general
idea only, but take a look here for a quick explanation
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Measuring Pressures

During mechanical ventilation we measure pressures ti centimeters of water (emb:0). We may
occasionally hear this pronounced as “sonnimeters” of waici 2d know that a sonnimeter and a centimeter, in
this context, arc the same thing. So we have emH:20 with o
ambient air pressures in other tern

fanical ventilation, but we generally talk about
5, such as mmHg, kPa, PEL, cte. We skimmed right on past this concept in a
previous section when we said that {mmHg is about 1.4cmt50," but let’s now put it all down in a chart just to
make things clcar:””

% "ATM [ PSL [ kPa Tmmbg om0 |
batvi [ 1 | 147 [1013] 760 | 1033 |
I por | 0068 | 1 | 68| 517 | 703 |
¢ | — —_—
j_xra | 00099 0145 1 | 75 | 102 |
mmtig | 0.0013 10019101337 1 | 136 4
cnH:0 | 0.00097 | 00440098 | 0736 | ! 1

Also, note that we assume ambient pressure as it relates to airway and vent swff is zero; so while true
atmospheric pressure at sea level is 760mmHg (1 ATM), we call it OcraH:0 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 Positive End-
Expiratory Pressure (since we haven’t discussed it yet); we also don’t have to worry about the specific
components of the waveform — all those things will be discussed later on:

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

time >

- pressure +

3 This was in How is Positive-Pressure Ventilation Different? when we were talking about the fact that a negative-pressure,

spontaneous breath only takes -1ImmHg of pull while a typical positive-pressure breath via the machine takes 15-25¢mH:0 to move an
equivalent amount of air

* We built this chart by Googling conversions for these values. ..

* Yartsev, 2019 - Scroll down to the section called Airway Pressure for some intercsting background on why we measure and label
pressures the way we do
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22

Rykerr Medical’s Vent Management Guide

PS - pressure support. SIMV - synchronzed micinitent mandatory ventilanon

Basic Modes of Ventilation

The simplest way (o ventilate a patient with a machinc is 1o give breaths on a schedule and to ignore
what the patient does on his or her own. Let’s assume a hypothetical timeline running left to right over an
arbitrary amount of time with black hashes to represent time-ri; sered breaths:

Now if the patient tries to take breaths overtop of this timeline, that effort gets ignored. We'll show it
like this:

o e m—

time >

| T

In terms of triggers, we could say that ventilation via this mechanism utilizes time triggers only and does
not have a mechanism for patient triggers. Now there afe two versions of this type of ventilation, controlled
mechanical ventilation and intermittent mandatory yénilation (IMV).*? The difference here is subtle: in
controlled mechanical ventilation (which precedesall the other modes), the patient is physically unable to draw
a breath on his or her own with effort made; in intermittent mandatory ventilation (a subsequent technological
improvement) the patient is, in fact, able to draw a breath, it’s just that the machine doesn’t offer support and
instead allows the patient to draw in air from the vent circuit independently and without help.

Controlled mechanical ventilation isn’t routinely used, but it does get utilized in surgical settings when
patients are paralyzed and for sure not making an effort to breathe spontaneously. Intermittent mandatory
ventilation, on the other hand, is normally not available on its own — it typically comes with additional features
which we will line out in just a bit. Now we may be able to manipulate our vent to approximate either of these
modes in the event that we want to ignore paticnt triggers altogether, but those would be specific cases and
we’ll get to them later on.*

Moving on, subsequent modes build upon this framework by introducing mechanisms to support the
patient’s effort to breathe. When we introduce patient triggers, however, there is the potential that harm can
result and we will talk about how different modes work to mitigate that risk. That said, utilizing the machine to
augment patient effort improves comfort, facilitates recovery, reduces the negative effects of positive-pressure
ventilation, and gives us more control over the management of the patient.** So now let’s get on to the two
modes commonly used in transport that take us beyond the basics and allow us to use patient triggers.

* Frakes, 2007; Kacmarek & Branson, 2016 — We won’t refer to controlled mechanical ventilation as CMV (even though you
sometimes see it that way), because CMV more often refers to continuous mandatory ventilation which we describe in just a moment;
for more on this refer to both articles referenced

# These cases in which we might want to ignore patient-triggers are discussed in both Overbreathing and Acute Deterioration

* Mauri & riends, 2017; Goligher, 2017 — We will talk about the specific ways in which patient-triggered breaths are of benefit later
on (in Comfort), but the article and essay provide a bit of context for these claims
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. And then we can carry on with the idea to show either of those outcomes as a waveform of pressure over
time: s

o5

-~ 2 = ey s 7‘_.-’_ — —— - - _A\\‘
time -

- pressure +
e

These yellow-effort situations dlo have the potential to cause harm, but they are less likely to result in
breaths being delivered because of the ongoing breath that precedes them."” That harm comes from the
increased pressure as a full breath is given before the prior one was completely done (left side, note the drift of
maximum height on waveform). If the ycllow effort doesn’t result in a breath being delivered, this may cause
some discomfort (right side, due to an expressed need that goes unaddressed), but that’s probably OK. That
said, a combination of green and yellow effort is just fine for our patients in assist control:

L]

time 2

4 Chatburn & friends, 2014 — There may also be a refractory period with some machines that prevents a subsequent trigger from
occurring (oo soon after a breath has been given

b
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PS - pressure support. SIMV - synchromized micrmuttent mandatory ventlanon
So we've established that AutoPEEP can oceur in assist control, but recognize that it docsn't always
hap'pen and that we can take proactive steps to make the mode safe for our patients. The primary benefit of
assist control mode is that we can readily meet the patient’s need for more volume using patient-iriggered
breaths. Another benefit is that it is predictable: patient effort that meets the trigger will get assisted to
whatever parameter we have set into the machine. To say it anciner way, time-triggered and patient-triggered
breaths will be the same. And then subjectively, assist contiol is casy to use. While this may not be the best
reason to advocate its use in the ficld, it is simple to st up, 2asy 1o conceptualize, and when the primary
complication of the mode does arise (AutoPEEP) there are specific actions we can take to fix it.*

To summarize, assist conirol delivers time-triggered breaths at a set rate and will supplement that with
full breaths whenever a patient effort meets the trigger threshold. Upsides to this are that the increased needs of
the patient are readily met, downsides arc the risk for increased pressures and a move away from baseline

(AutoPEEP, which we will get to later). As a general rule: anytime we have someone in assist control we need
to be vigilant and monitor both airway pressures and AutoPEEP.

# And the specifics of how we both avoid and fix breath stacking will be discussed later, both in AutoPEEP and Triggers
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. To make sense of this graphic, we’ll point out a few things. We are assuming that each instance of
p:lment effort meets the tri geer threshold to result in a breath. The difference in height of the blue lines is to
distinguish supported breaths (smaller, left two) from assisted breatns (taller, right one). And that time-
triggered breath at the far right gets omitted to avoid the AuloPEEP complication we saw in assist control.

As for the difference between supported breaths and assisi-i breaths: supported breatlis only get a little
bit of help from the machine and the assisted breaths are fully feciiiiated by the machine to a target emount of
air, just as in assist control. Supported breaths are always support~ via pressure, which helps the patient draw
a breath a little bit easier; assisted breaths are carried out o meet specific goals by the machine based on
settings we input and can be either volume-targeted or pressire-argeted (which we wll expand on in the next
section).”? The practical difference is that pressure support breaths will give us a variable result that depends
largely on the patient’s contribntion to that specific breath, while assisred breatns are more predictable

At the risk of getting ahead of ourselves, pressure support 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
pressure support up so that supported breaths match the other ones in this regard, 1t isn't quite as simple as
increasing the pressure support value on the machine. That said, there % ao rezsen that the volume of air in a
pressure support breath should be less then the other ones, 1077 more an 1ssne that it often just happens to turn

out that way because of the details as to how these different Types of Lreaths arc brought inio existence by the
machine.**

And a few more things about SIMY mode: It originally came onito the scene as intermittent mandatory
ventilation, which we already discussed. The “S” for synchronization was added when the mode was adapted to
consider patient-triggers in close proximity to time-triggered breaths (i.e. breaths initiated by the patient within
that mandatory-pefiod). The next improvement was pressure support to breaths triggered in the spontaneous
period, so we sometimes see SIMV as we described it notated as SIMV + PS. To draw these all out: %
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& &
0
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52 Lodeserto, 2018 — This series provides an alternative explanation to this concept (i.e. how pressure support and pressure control
breaths differ) and we will touch on it again in Types of Breaths

53 Chatburn & friends, 2014 — And by convention both supported and assisted breaths could be labeled as assisted, it's just that
pressure support breaths are a more specific type and we will discuss them that way just to remind readers about that difference

54 Hess, 2005 — That said, the primary function of pressure support breaths is to relicve workload required by the patient and facilitate
intrinsic respiratory effort, this is fundamentally different than a pressure control breath (discussed soon) in which we utilize pressure
1o deliver a breath regardless of patient efort; this article discusses how additional pressure support may not correlate as expected with
an increase in Tidal Yolume due to the way pressure support breaths are delivered

% Ghamloush & Hill, 2013 — We recognize that this confusion related to SIMV and its components is tough to follow, but navigate
here for another explanation of how SIMV as we know it came to be

EETE
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6 We will talk further about these Types of Breaths in a later section, but this particular source of confusion is when we have
someone in SIMV and Volume Control; in these cases some breaths are given by volume and others are given by pressure
57 We will discuss this idea of ventilator synchrony in Comfort
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PS - pressure support; SINV \_\IIL')I"IH/H, itermient mandatory venulation

To summarize, SIMV is a mode that both supports paticnt effort to breathe via pressure support breaths
and avoids breath stacking by not delivering breaths in close proximity to others. This avoids the problem of A
AuthEEP that we discussed in regard to assist control. On the other hand, SIMV has been associated with
veml!ator asynchrony and can be harder to both conceptualize and monitor than assist control ventilation (due to
the d}fferem types of breaths involved). All that said, SIMV i< an appropriate mode to use in transport and
provides clinicians with an alternative to assist control. ‘

And Beyond...

'Now that we know about boil assist conirol 2nd SINMV modes, the decision becomes which mode to use
for agiven patient. While many folks have their preference and we could argue one over the other all day long
until we are both bluc in the face, the botiom line is that either mode could work for just about any patient type.
He_re"s the gcncra} strategy we'll recommend (and we will revisit this idea at the very end when we talk about
bl'uldmg out ggmdclmu and putiing it all topether): if we have a patient zlready on the vent and all is well, just
stick with whichever mode they are working with; if we are starting from scratch or reworking the settings
altogether, try what our machine Jdefaults to and then change modes if we need to down the Ix;c, That's about

as simple as we can make it. All that said, there are cases in which one mode may be preferred over another
and we will talk about those as they come up.
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5% 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 Control

In volume control ventilation we choose how much volnme 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 voluine 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 fastors. Let’s see how ihis looks in a graphic and then we’ll hash out the

details:

/.
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alright: PRVC - pressure-regulated volume control
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59 To say it another way, in volume control we control Tidal Volume dircetly — a concept we mention here and then discuss again in

much more detail in the near future

1
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60 We talked about this overestimation of air delivered already in Dead Space and will address it again in the Appendix
61 Yartsev, 2019 — This idea that alveolar tidal volume is about two-thirds of delivered tidal volume gets a bit more complicated, bu
we'll get back to it in Ventilation; for now take a Jook at the linked webpage for more on the idea

62 Flowers & friends, 2019 — As another example of Gas Laws in action, this process is partly described by Boyle’s Law (pressure
change as a result of volume increase)
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emH:0 - centimeters of water: ml - milliliter; QK - alright PRVC  pressure-regulated volume control

We will get more into all of these concepls later, b o iugh pressure in volume control can be due to
alveoli inflated beyond their capacity, some restriction to the cxpansion of the chest wall, or decreased air

movement through the airways:

7

.."_\l‘ﬁ “’,"" \
c A\ VK

\

The risk we face in volume control ventilation is that we can injure the alveoli or céuse barotrauma

when they are overinflated, as shown above on the left. To say this another way: there are three distinct reasons

why we may see high pressures and one of those three, overdistended alveoli, is our area of concern in this
discussion. We avoid this by monitoring airway pressurcs and adjusting 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
volume control 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 volume control ventilation in

order to avoid causing damage to the alveoli. In addition, volume control lends itself to an overestimation of

alveolar tidal volume if we forget to factor in dead space.

53 While there are other parameters that we can adjust to avoid higher pressures (which we will get to later), it helps to simplify things

this way: more volume = more pressure
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In the fourth column, we sec that recoil of the lungs (a passive exhalation) occurs when the pressu
had been keeping those lungs inflated drops off. This volume of air that gets pushed out of the circuit as :: tha
lungs fall back to baseline is our exhaled tidal volume, We then have to actively observe to make sure thj °
volume meets the goal we have in mind for what volume this patient ought to be getting with each breathls
delivered. If this exhaled tidal volume is not what we want it to be, then we adjust the pressure in the
get closer to our goal: more pressure means more volume, less pressure means less volume. L

Meeks, 2018 Yartsev, 2 =, we phra W ¢ (- vent world as to which st ate|
3 3 , 2019 - And h i
_ : phrased it this wa; becau i i
( ) y ; se there ls.much de'bat out there in nt 8y
volume o Pressure) is Superior; see referer ced podcast and article for more IIIIOIIIIE‘IOI]

65 d tid me; In
Andifa machine is cg ressure control ey n Vi mi h
ipable of ilation it wj
; P I]‘ | ntilation it will surely have a mechanism for easuri 2 I idal vol
ing exhaled tidal volume; i
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considering that fiexibility or sizeteh that we discussed Wi
the vent circuit), as the only way we have to measure volame is via exhaled tidal volume or what the patient
breathes out (which is downstream of alf that flexing). We do still need to consider anatomic and alveolar dead
space, just 13 we did with volume contrel, but the stretch i2tor we introduce in our circuit is eliminated. This is
a big advan:age of pressure control ventilation with small patients: forgetting to factor in 10ml (arbitrary
number) in an aduls is 5o big deal, forgetting to do so for a baby with small tidal volumes is huge.%

barotrauma. The downside is thri
amount or volume of air that v are putting into the system; instead we have to continually monitor exhaled
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emH:0 - centimeters of water; ml - millditer, OK - alnight. PRVC - pressure-regulmted volume control

One thing worth pointing out here is that in pressure control ventilation we don’t have to bother with
1 we ialked about dead space (i.c. the compliance of

Anoiher benefit ot pressurce control is thar we avoid the risk of over-inflation or high pressures at the

alveolar level. The highest pressure thoge alveoli will see is whatever value we program into the machine.®” As
long as we follow some basic puidelines as to what a safe pressure is, there’s not much risk of harm or

i

don’t have as good of control (compared to volume control) over the

We

tidal volumes and adjust to our goals.%

To suminarize: in pressure control 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 pressure control in order to avoid hyper- or hypoventilation. In addition, pressure control ventilation makes it
a little more difficult to manage ventilation (as opposed to oxygenation — again, concepts we will get to later

on), due to the breath to breath variability in volumes.®’ The big advantage of pressure control is that we avoid
the high pressures that can result from volume control.”

o R D ’
1 LA S B YL L]

6 . . s Z .
® We will address the idea of how volume control can lead to an overestimation of actual volume delivered (and how pressure control

can mitigate that) in the Appendix /
5 While it is generally true that the value dialed in for pressure controlis the highest pressure the system will see as a breath is

delivered, there are some exceptions that we'll chat about in Airway ‘Pressures in Pressure Control?

 Ashworth & friends, 2018 — Refer to this article for a much mofe detailed discussion of how we can work towards our ventilation
goals in pressure control ventilation <

% And to skip ahead and look at these sections; Tink to them herq:nmilation and Oxygenation

" There are more advantages to pressure contiol-ventilition (such as how pressure control breaths differ from volume control ones in

regard to flow waveforms), but we'll get to that stuff later on in Types of Breaths
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R)’ker”"emm“‘ fwaler ml ilhhitet
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emH:0 centim
ol
¢ Contr t the best of both
Regulated Volur ¢ attempt get dial i Orlds wh,
Pressure-Reg | (PRV & . of ventilation W€ 1al In a oa) fo, i ey j;
ulated volume contro ; fnils i ive breaths t0 the goal volume 118, 1“’Nu
Pr;f-sur:lfngle sl pressure ¢ ine trics lg 71 The machine makes adjusi , ents tg;lowe::e
omes to this VO™ ure, (e - it we have °%n : dort Oy, ;
:nd put an upper limit o0 szsscxc eeding the fimit ;vand adjusting delmel')’ t:l i‘llum:‘ﬁ;"" Volupm, \:’ it
P o , A reach the gO Ol xcead: YOIk
res . i an't reac Cee i
poIS' Slblefach reath by looking 2P . sure regulated part as a hard sty ting g "t
de 1::‘;’2 the preset tidal voIU® gOE:_i L hink of the r'iwould Jook like:
tow. i is $ac at 1
upper pressure limit, "?}'}f‘;‘:vz a fow preaths t0 S¢€ wh
Let's visualize th!
goal tidal volume: 400!;'
pressurc cap: 306 preathfour  breathiive br-ath iy
breath three are 4 little more pressure  san, (e
breath one bmmt;:: a little less pressur® Sa;]gﬁo 29cmH,0 26, ‘!Hssoum
imital brath e 28cmH;0 375ml 400m! 0mi
25cmH;0 i 400ml
300ml 450ml

time =
¢ fashion where the machine decides where cach breath g 4
s

We can also think of this inan algorithmi ; : .
up in relation to our goal and then adjusts the subsequent breath in a cyclical manner:

breath delivered

!

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

v

Irst grap
n the t graphic on this page and moving forward we call thi
g 1S pressure limit in a PRVC breath the pressure cap for lack of a bet
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emH0 e .
centimeters of water, mi milhliter, OK ~ alneht PRV pre regulated volume control

This thechani » .
ok S{E‘Lﬁhthﬂjlsm of decision making onc breath at a time doesn’t quite describe the process accurately,
but1 gll:'.ci ; cing tidea. fn reality, the machine looks back at the last few breath: and builds a small data set
from whic . itdecides how o deliver the next breath. Sc the sysem is more refined than our crude
representation.

Tf) ﬂ;lSh out 2 few mare details un this PRVC concent, let's look ai another cxample of a few
conse_cutwc reaths. (n lh!i SKAIGE#, i ali under noal (n werms of volume). The result of this would be a
drop in minute volume o air ruoved vor it time, > i iaportant 1o keep this in mind with PRVC, as we can

inadvertently lose some minuie volume iy an ¢ffort 10 avoid Liph pressures:

breath oze bresih o e breath fonr
initial breath e . 5 s
25¢cmH,0 B
300m! V2 5m! il
1 ] §
. H N
it "\\ "-’ L "\\
V/ i N and on and with the result
U K/} that we don't move as much
air as we had expected
time >

A few more things about PRVC: pressure cap is a make-believe term and the machine most often uses
5cmH20 less than the set high-pressure limit for this value.” There are also restrictions on how much variation
occurs from one breath to the next. To say it another way, the machine won’t make 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.”* Along that same idea, the machine doesn’t
know how much air (i.c. Tidal Volume) it gives with cach breath until after the fact when it sees the exhaled
tidal volume, that’s why it can overshoot the goal. Last thing: PRVC is good when we are worried about
barotrauma or giving too much pressure, but it is important to make sure we keep an eye on volumes delivered
and compare it to our calculated goal.

7 This concept of Minute Volume is discussed in much more detail in just a few sections n
7 And limits are discussed later when we get to Alarms
™ Maher, 2019 — Short video that describes this idca of test breaths and gives a brief overview of PRVC (and it is just one vide@)

large series, so take a look at the rest of his content for more)

2200E)
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jdeal DOGY T
. millititer: mmHg i
Rykerr Medical LLC et St milliliter: mmHE - millimggy F::“W:
- ater: FiO? fraction - ¢ per mins o
emH:0 “l]ll‘!‘c‘m,nL,, ‘“l\rnlucm"‘: pat - et g
[-time - inspiraton ume: e =
d Oné
Vent parameters: Roun Jouts of SO of the terms We us: 0 degery
- qumey 8 © explai soned already (and a few discussed " de ':

The next steP on‘omflz s have . his point i0 2" effort to better (i ganiz thoﬂ)’ .
different aspects of ventlation: >° sections after this discussion, 1o for jy g,
mostf e o0 % cxplanat;? Ptshelpﬁ to g0 D¢ - s, these 3¢ just the basics and mere will Algo,

. : i : c
in a linear, step\\ﬂst;"ﬁ 'h (:)‘:'an exhaustive ist of al the tel i o
keep in mind that this 15 .
Tidal Volume . .
- vedinagiven preath. AS prewou?:y discussed, i ielps by,

Tidal volume is the amount of mtri m aled tidal volume. '1‘1ldal volumc, in thig wayak
this concept up into two distinct terfns- ot into the system, while exhaled tidal vo unlle would be the i o
hinking, would be the volume ofairwe P ated as TV 0r V6 exhaled tidal volume i e o

ng, jume may be 10 i
air that comes out of the system- idal volu! =
Vte. and the normal range is 6-8mUkg of Idcal Body
i

Jarics with the size of the patient

dea that lung size is best correlated to height, 4 L,
- Also

Tidal volume ot iasd he
:scussion we already had @ u . . ol
i::iall lt:: é’; ngwg [BW is justa framework from which we start wl?;n d?ierr}‘lmlr;] g our initia} Settings gy
that i'ndal volume can range from 4-12ml/kg BW, depending On the specific situation that we are up agajng;
i i tilator strategies.
We will talk further on that when we get into veD 1 '
And just to recap what We already disoussed, add in some values, and then demonstrate it again in
slightly different way:
7 volume lost between tidal
volume and exhaled tidal volume
anatomic ) ‘
dead space exhaled tidal anatomic
P volume dead space
/ v ‘l alveolar tidal volume
// \ n (normxl!yﬁ:isendsup\o tidal
(- be about 2/3 of tidal volume) alveolar tidal Sohiks
L volume

5 T t
Tidal volume and exhaled tidal volume were first discussed back in Volume Control

avies ends, 2016 - u much more in-de| ussion about this idea of hﬂVlllg a PleSEt tidal volume goal for
% D, & friends, 2016 — These guys offer a much mor d P
4 n th discuss
ould or shouldn’t deviate from that framework in our vent man: 2
all patient pﬂpulalluns and Wlly we should or shouldn’t deviat 0! agement
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MYV - mnute vol Ok
ume N
- OF alnghts PALS pediatric whvanced Nife supps PEEP
ced upport EP - posim end-cxpiratory pressurc

PSi ;
pounds per square mch: RR - respiratory rate: s - second, T ndal volume

One more thing to mention !

between tidal vo‘lume‘ir:?* '.,lv‘r;fl‘fg ;‘an “fc i o e air a that last graphic Jabeled “volume lost
discussed beforc in \/'-n'mmc; :'fvn&ra‘;i;‘ k\:o:g&m, ’ﬂn{“ tus 15 get -rally an OK assumption to make (as we
exceed tidal volume for vmun; La,mhll,:“?“ird{\Iulln : (:L‘ JE‘J‘L:::‘ :'}::l ;dtc‘\lsjl Emm? C_an SoThc{imcs
spoma.neously breathing paticni o7 (s)he may furcibly ¢.hale afier a breath is given Tl:irc ‘:a ‘:{‘S‘;C't: w:i ‘h[;
cold a;‘; from the suppty ot mackine end of the system will warm and expand is it enters thcbairwa ealndca )
:mgs. These are )l.lfit a few examples, we just wanied to point out that exhaled tidal volume d ys, |

ave to be less that tida! volume and thar teasors for this vary widely ¢ dossmrEmE

7 Flow i — This i i ing wi
ers & friends, 2019 — This idea of cold air expanding with an increase in temperature would be an example of Charles” Law
ERRME
4 Y
&
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jratory Rate gelivered nute, .
Respiratory < how Y prea muency (fis the total number of breagyg e
. descr! : i S Perg
Respiratory rate (RR) +into spi rate, OF simply rate, to describg thi nllnmQ
is often considercd the value e P e rethat if we want 10 decrease rate and thi¢ poe 18
X are COM s 0 . o lent ;

- riggered breaths .+ chat saids +s nave the intended effect. N ; is
aﬁ:z :;att;csna o hgfl o oving forvard Wi ntgh 1 the vent won'th need ¢ dweu
Co!

. sly, oo s
riggering breaths spontancousty it lte on® Jt rate S 12-20 and pediatric rates arc s gy

: we'll come ba ical adult Utlingg
on that idea now, o vary by 265 e WPS panual: 0 on

Normal paramete e PAL :

is chart
Jow Tape” or by this ¢
our Brose p at g -
o Association. Jaé%;ww
e s why”

et |
T

L
Y wed
)

Birth (12h, <10009)

Bith(12h, 3kg)

Neonale 67-84

Jofant u-?;w':) 72-104 a1-%6 80-62

Toddier (1-2) 86-106 4263 49-62
89-112 46-72 53-69
97:115 :73 ﬁ—?’g

readolescent {10-12 102120 1 -
. i 110-131 64-83 73-84

Adolescent (12-15 ¥}

:“ This concept of an observed respiratory rate being greater than a set rate and what we can do about it is discussed in Overbreathing
.9 .K.mdlg & friends, 2019 - This article gives a good overview of all the features newer Broselow Tapes have to offer, to include
;guual vent seftings that roughly approximate the ones we discuss in this section
* American Heart Association, 2016 (image) - As a quick disclaimer: these normal respiratory rates as outlined in PALS are not
intended lo.be‘used for determining vent setFinlgs, rather they are outlined as such to identify normal and abnormal findings in an
;]s.‘s:;s:;nct[,);;ghttg;tv sa:;i, most transport clinicians are familiar with this reference and have ready access to it, so it makes sense to
e pt of vent management from a known source rather than introduce new values and numbers with which we may not be
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MV - minute volume, OK S
! : alnghe, P ;
Bl o \_J'xl.l ALS - pedintric advanced e support; PEEP positis ¢ end-cupiratory pres !
M= ds per squae meh, RR - respirvtory rake; s - second, TV - ndal volum

For the detail-ori
ctail-oriented people out there, there are some data points missing from {his PALS chart. One

i ) -
Stf?tegé'] Y?ullld !cho guess based on available data (i.e. no listed rate for a G-year-old, but we could assume a
value a, alls m e“‘”""“ the schonl-aged child range and that for adolescents). Arother option is to use this
chart we’ve put together based on the existing data in the PATLE ca R

ler

{

Last thing; there are times that we sct rate above or below what might be considered normal for the

patient’s age, but we’ll get to those specifics when we discuss ve!

-

81 See Appendix for a discussion of how this chart to ou ry rate values by age was created

\line normal respirato

nt strategies for different situations later on.
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hanism by which W Cofmou}?ﬂt don’t worry ab e g"waho
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to manipulse both da bk 1"‘“r‘.aheo adult patient 1S often ched at‘ - P! e (Lo, but e
moment. A normal mime ¥0/ e that it applies 10 all patient SIZCS:
ioht-based calculation SO
prefer to use a weight-base: -
MV ~ 100mlkg [BW/min

that minute volume s roughly (%) 10(.)ml./](g _IBW/mm becausc that goal i
nt tha 1 we initiate ventilation in most cases. For the Major;

by whic - X
e, but there are times I which we ought to aim above ¢y beloy

SN ith Acidosis, we will aim hj

; . diatric patients and those W1 , o

casons. For example, with both pe e g
tfl(:;‘-,a\;(t:‘:hers we may tolerate a minute volume below that value by way O:;-con::ptd kn?‘.vn B permisy.
hyp;rcaplniaﬁ3 We will eventually get into the details on how we go about making that decision for differen;

atient types, but for now we’ll leave it at that. . o .
P Thert; can be different types of minute volume, just as there were with tidal volume. Minute volume o
| into the machine, then we tag exhaled on to either tepm,

minute ventilation typically describes what we dia . .
(abbreviated MVe) to describe feedback the machine gives us about what the patient bre_athes 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 minute ventilation) is an important concept to consider, we bage
initial goals and calculations on minute volume or exhaled minute volume and not on alveolar ventilatiop ¥

We’ve chosen to represe mint
less of a hard-set requirement thar{ a guideline
of patients this calculated value will be adequat

fivead

82 \Wei . ; ;
i ;ﬁf;:-;iio:& \e’cal?je;/,lzm? - These guys cite a goal minute volume for the intubated patient as 120ml/kg/min and 70-
O pre 2007,_ Wpe cileelh);; :/;a;:]:?elst‘lv ll:)eﬁow?:" lOOm;/kEh:in as a starting point due to case of calculations and simplicity
| 200 isci i j i i i i
this permissive hypercapnia approach to cerain patienL;s:op?A‘lallioiso el et It ouinasthe Boual

84

We do, however, make subsequent

-0 » change: ilation wi

Ventliatop eq ges to address ventilation with these alveolar volumes in mind and we will get to that in

46

Rykerr Medical’s Vent Management Guide

, g o G
MV - minute volume: OK - alnght, PALS pediatric advanced hite support; PEEP -~ positn e end-cxpuatory pres
»
PSE = pounds per square inch: R - respiratory rate. s second; TV - udal volume

Fraction of Inspired Oxyzen

Fraction of inspired oxygen (£i02) describes the amount ef oxygen in the mix of gasses that we push
into the patient’s vent ciretit when we give 1 brath, 106% ¢, vgen wouid be an F103 of 1.0; 21% oxygen or
ambient air would be an B, of 4 21, Adjusiiry 70, is ¢flon e casiest way we can address an Oxygenation
issue, but we’ll discucs fixing things io, fast # it while. 1 15 typically a parameter we dial in directly to the
machine, but it can also be caleulai ¢ o1 bow imuch pxygen we put inic the machine and how much total

air the machine puts oui:*

FiGy = wtaramonrt of pxygen + total amount of air
and then we car use (e concart of fiow fo quantify these values in this equation:®
assume (OLPM of oxygen going in
and 60L.PM of total flow

FiOz = [(I0LPM x 100%) + (SOLPM x 21%)] + 60LPM
Fi0; =34% or 0.34

Now there is never really a need to do this sort of calculation, as the machine will allow us to bypass the
math and directly provide a chosen FiO; as long as our oxygen source is adequate (such as one of those S0PSI
adapters like we see on the wall of the ambulance or hospital). And if we do bypass that mechanism by using a
low-flow oxygen source (i.c. normal oxygen tubing), each manufacturer has different recommendations as to

how we should estimate an FiO based on the settings we have dialed in and the flow of oxygen into the system.
1

(Y
(ed  » roduci G seeng ikr
N

\
]

ey Sy

5 Reading, 2016 — For more detail on this type of calculation to determine an FiO; algebraically, take a look at this article
% And we won't talk about flow in depth until Types of Breaths
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next inhale 6

time >
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MV — minute volume; OK

PSI alnght;, PALS pediatric advanced life support; PEEP — positive end-expiratory pressurc,

pounds per square inch, RR — respiratory rate, s - second; TV - ndal volume

Recall from our previous discussion of Alveolar Surface Area that the more inflated the alveoli are, the
more they.can participate in gas exchange. This is due to both more surface area and a thinner membrane
across which gasses must diffuse.*” Mext, zdd 1o that the idea that blood flow though the pulmonary capillary
bed is continuous, it duesn’c stop when inhalation stoos. This means that pulmonary respiration or gas
exchange across the alveoiar membrane oceurs thisughout the respiratory cycle, both on inhale and exhale.
PEEP helps facilitate this a5 proc=ss on )i exhalatios side and then makes it easicr to further maximize the
effect during inhalatiou (i ¢. a beiter stariing poini 1rom which inhalation begins), — 7 /"0

3 ™ o 1 . i . / . o
Another idea particulariy relevant to this discussion of PEEP is that the stenting or opening-up of alveoli
doesn’t always happen wn ane breath as1t's |

been depicted in the 4bove drawing. Sometimes it takes time to get
from that left-most, dvflates stage to a recruired or opeard-up stage. Part of the reason for that is that there is
fluid around the surface of the atveoli that resists « <pansion. Think of it as molecules on the alveolar surface
that are holding hands wiih one 2nother; as we increase the size of the alveoli, we increase the distance between
those hand-holders and make ¢ «pacsion easisr:

PEEP helps with this process by maintaining our progress along the way. As airway pressurc increascs
on inhalation and the alveoli expand, PEEP essentially maintains that expansion on exhalation and prevents us
from cycling back to that deflated, left-hand state in the above drawing. An added benefit of this is that it
reduces stress on the alveoli. Going from deflated to inflated to deflated to inflated and on and on can damage
the alveoli; PEEP decreases the difference between those two states so that less net movement is required for

cach inhalation. We talk about this more in the section on Driving Pressure, so no need for more detail at this
point.

%7 Desai, 2012 — This video reviews the factors that determine the rate at which gasses difTuse across this membrane; we cite it again in
the section on Oxygenation when we retum to the idea
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% Kallet & Branson, 2016 — While the focus of this article is on oxygen delivery (and we cile it later in Oxygenation), they also
explain that PEEP doesn’t necessarily open the alveoli as we often hear it described, rather PEEP keeps the alveoli open afier

in5piml0r)f pressure changes (or Recruitment Maneuvers) open them up; also, to review the idea of pulmonary respiration look back
lo the scction on Terms to Describe Breathing
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positive end-expiratory pre

alnight; PALS -~ pediatric advanced i support: PEEP
PSE= pounds per square inch: RR respiratory rate: 8 - sccond; TV - 1dal volume

Now this is not to say that gas exchange is nonexistent on exhalation in the first (no PEEP) case, just
that it is augmented during the second one. There are also other mechanisms by which PEEP facilitates
Oxygenation, but those will coinc up shortly. The important tiung 1 note for now 1s that PEEP acts to keep
alveoli open during exhatai,on an it hielps u utiliz- more lung volume while breathing for the patient.

Let’s next take a look 2 i downsides ~SFEET. The most relevant one to mention is that PEEP can
decrease cardiac output.™ Rec ! fror L sevious discussion that any increasc in intrathoracic pressure can
impede blood flow back i« the e 1 Tiecause of this, normal PEEP is less than 10cmH;0. That said, we
sometimes use PEEP up to 205,06 in specific cases and we will talk about those later. Other negative
consequences of PEEP yary widely from thinge like worsening hypoxia and increased ventilation/ perfusion
(V/Q) mismatch to decreased exira-thoracic organ function and decreased cerebral perfusion pressure.” That
said, the important thiny, is that these negative effects typically manifest when the application of PEEP is taken
beyond the level of therapeutic benefit. To phrase it a different way: use PEEP when needed, but don’t assume

it is without consequences, and be sure to utilize it judiciously. And the specifics for how we go about that will
be discussed shortly.

¥ Clinical Analysis Management, 2009; Strong, 2013 — This efTect of decreased cardiac output duc to PEEP isn't so much a thing with
a well-hydrated patient, so we can mitigate that somewhat by giving fuids if our patient will tolerate it

% Coruh & Luks, 2014; Luecke & Pelosi, 2005 — Refer to these sources for detailed explanations of all of those negative consequences
of PEEP

3




£ AR o
jeal body woightt BE H“N I u\\l)r_\ 19 ¥ piray,
A S 1 - romm g mitiune(e y .
. o ylhlers S Ol mn
Rykerr Medical LLC ppired OWET T e ml -1 Mereyy,
I I °
<0y, fruction®
wer; Fior ! .

" Jers of Wi hie
emH:20 - centimeter Lilogram: ! Py

. ko
J-time - inspiratory Wi kg

(and E Ratio) chis the amount of time over whicly y,

Inspiratory Time

. whi

ider is inspi
onsider 15 110

xt term 10 ¢ {
The ne by age 50t

deliver a breath. It varies
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< that the more time We spend pushing air into System
n 1

o tilatio : he inspirati : d
One idea related to posmve—pressurc venl is means that more time spent on the Inspiration side of

Thi
510 the bloodstream- .,
ved into Is betier Oxygeﬂ_ﬂ“““-
the inspiratory ime.
ccreasing Respira

the more oxygen gets mo 92 yith that in mind, one way to increase tip,q
the breath cycle (versus exhalation) equa
spent at inspiration would be to.len.gthen el
by decreasing time spent at cxpiration or by

one minute:

tory Rate. Consider seventeen breaths gyer

60s <17 breaths = 3.55 per breath

ifin or inspiration = 1 0s,
then out or exhalation = 3.5 — 1.0s
out or exhalation = 2.5

if we lengthen inspiratory time to 1.3s:
exhalation time = 3.55 — 1.58
=2.0s

: ch A}ppendix_f_or‘ hmy we got all these values for normal inspiratory times based on age
* This idea of utilizing inspiratory time to facilitatc oxygenation s also discussed when we get to Mean Airway Pressure
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A q are
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Wt“? 9ften represent ll}!S {&t|0_ between inspiratory time and expiratory time as an [:E ratio to describe the
amount of time spent at lnf.[;!‘u!ii(:n In comparison to the amount of time spent at exhalation. A normal I:E ratio
is anywhere from 1:2 = 1:3.” Let’s build an 12 ratio for the above ex amples:

in the fiist example, we have 1.0s : 2.5s, 50 our LE ratio is 1 7.5

i

in the second example, we '

gthened our mspiralory time to 1.5s;
80 we now have 1.5s: 2.0s

now vie need to sunpiify the ratin 50 that ope of the numbers is 1:
B et & o e im s 15 2.0
amply divide both sides by the smaller number: e

znd solve for cur aew LE ratio of 1:1.33

To bring it back home: we had 2 rate of 17 and an inspiratory time of 1.0s with a resultant I:E ratio of
1:2.5. We wanted to increasc time spent at inspiration, so we changed our inspiratory time to 1.5s and ended up
with an LE ratio 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 inspiratory time:

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

if in or inspiration = 1.0s, then out or exhalation = 3.0s — 1.0s
therefore out or exhalation = 2.0s

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 = 0.8s, then out or exhalation = 3.0s — 0.8s
therefore out or exhalation = 2.2s

now we have 0.8s : 2.2s,
but we need to make this an I:E ratio with a value of 1:

08 22 _ .
ToTe 1:2.75

# Yartsev, 2019 - To clarify this idca: a normal L:E ratio for the spontancously breathing patient is in the neighborhood of 1:2, but
often times we see something more like 1:3 with vented patients because we leave inspiratory time alone at a default of 1.0s — because

of this convention and the facts that it is both common practice and generally well-tolerated, we've stated things as we did and will
carry on with this assumption
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cmH20 - centimeters ol water:
Kilogram: L

I-time — inspiratory time. Kg

I:E ratios as fractions or decimal nu
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inhale exhale
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LE=14
y
0.8s 32

1 body weight: BE —mspiratory (o ¢
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these graphics of ver_lt
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Jess clean-cut than these guys: But enou

flow.

| scalar waveforms, 1¢d

of breath, cach shown over time. We SOmetimes

| ones as produced by a vent may vary somewhat and wi p,
o on that for oW, let’s move on to each of these things: Pressure apq
§ ]

% We mentioned it already, but this graphic was built by Dr. Sameer of Arf by Dr. Sam on Fiverr and The Young Orthopod on

YouTube

% lyer & Holets, 2016 — Since we don’t typically have access to waveforms in transport, we’ll defer a discussion of it here; that said,
refer to this presentation for a brief overview
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msprratory 1o expiratory; OK - alright; PEEP postlive end-expiratory
SIMY V

LE

pressure, s - second.
synchronized mtermittent mandatory ventilanon

Pressurc 1s measured by the machine somewhere between the endotracheal tube and the wye where the
inhalation side of the circuit splits off from the exhalation side of the circuir:®*

et eooumi
to! {1 H

realize fratall o
between the id:
where precur

pressures could
theoretically get measured
anywhere in this space

cal dead spece stuff sits

e (most likely) actual spot

t messurcd — this 1s generally OK for

no-flow states (end-inspiration and ¢nd-exhalation) and

it also allows us to visualize how these equipment things
are interfering with the delivery of air

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

system as we deliver a breath. And we already talked about how pressure is measured (in terms of units), so we
are good on this general idea for now.

% Hess, 2014 — We’ll cite this article a few more times, it provides alternative explanations for many of the things we'll discuss along
the way; specific to this section, however, it briefly describes where within the circuit pressures can be measured
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57 And sometimes flow is notated by the symbol V, but we also use that same symbol in Fick's Law stufT in the next section and don't

want to get things confused...
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The first thing to note is that there are three general categories: volume control breaths, pressure control
breaths, and pressure support breaths.”® In volume control, a breath is most commonly delivered via a square-
waveform flow pattern in which the machine spins up to a set flow, holds it for a predetermined amount of time,
then cycles off. With pressure control and pressure support 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 decreasing flow until the breath cycles off. To say this all
another way: volume control gives constant flow for variable pressure, pressure control and pressure support
give constant pressure at variable flow.

Let’s follow this up with a series of sequential facts: There are some machines nowadays that can give
volume control breaths via a decelerating flow pattern, but those aren’t available in the transport setting.” That
means we can lump these three types of breaths into two groups: volume/ constant flow and pressure/
decelerating flow. Unless we are in volume control and SIMV, we ventilate patients with one type of breath at
atime. Invery general terms: the pressure/ decelerating-waveform breaths are more comfortable for patients
but take longer to deliver (i.c. may not be ideal when we need to give breaths fast or allow lots of time for

exhalation).'®

% And recognize that breaths delivered in Pressure-Regulated Volume Control fall into the Pressure Control category

% Gonzales & friends, 2012 — At least we are pretty sure the option of decclerating flow in volume control doesn’t exist in any
transport ventilators, but new products come up all the time; amongst many other fun things, the article explains how pressure/
decelerating-waveform breaths may be best for ARDS patients and volume/ square-waveform breaths may be best for obstruction
related to COPD

19 Jyer & Holets, 2016 — And in this presentation on vent waveforms, they describe how longer inspiratory times may be indicated for
patients vented with a decelerating-waveform pattem

DyEE
=%
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0l Ashworth & friends, 2018, Bauer, 2016a — The first mentions this idea of describing pressure control or pressure support relative to
PEE!’ in the context of pressure control ventilation; the second reviews this idea as it relates to non-invasive positive-pressure
Y;nulahun (which we don’t get into here in this manual)

2 Yartsev, 2019 — For a more detaited discussion of rise time and how things differ between machines, navigate here
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(K - inspird : ¢
! jnsparatory 1o expiratory; OK - alright; PEEP — positive end-expiralory pressure: 8 - 564 ond.
SIMV - synchronized intermiitent mandatory ventifauion

The next thing 1o mention here is how pressure control and pressure support breaths differ. While both
are given viaa decclera?ing-wavefgrm pattern, the mechanism by which the breath cycles off changes things. A
pressure contm} brealth is designed to deliver a full breath even with no patient effort, whereas a pressure
support preath is designed o simply relieve some effort of breathing on the front end of a breath. Becausc of
this difference, compaiable tiration of pressure (i.e. 2 change of 5emH20 for both pressure control and
pressure support) may 1 sult in different changes of volume in the very same patient. Now the mechanism by
which this works 15 known as fermination, the paremeter by which the machine decides to stop supporting a
preath and begin exhaledon:'”

pressure control iz & preavars support breath when flow drops below 2 certain threshold, the

breath cycles off

| ; this taresaold is defined as 2 percentage of max
fiow for that breath (ex. flow termmation of 25%)

1/

1 === there canalso be & time limit to terminate the

! breath: so if afer a st time (eX. time termination of
1.05) the breath hasn't terminated due to the flow
migger. then it gets cut short by the time trigger

time > < | time =

- flow +
|
|
T
{

* + we've shown this pressure support breath with a
g pressure support setting lower than the
2 accompanying pressure control breath (lower
B | P B I FreomES amplitude in ﬂ?e pressure waveform), but recognize
' ' that this doesn't have to be the case

So to get more volume in a pressure support breath (represented by the area under the flow-time
wavc.form), we cither need more patient effort (i.e. don’t take away a paticnt’s respiratory drive with too much
sedafwn? or we need to maximize our termination triggers (i.¢. lower value for flow termination longer time
tenn1nat19n).'°“ We don’t typically get that far into the weeds with invasive ventilation and pres:sure support
lt);lts ‘;f anw‘;lll )oﬂen see this idea discussed in terms of non-invasive ventilation (which, again, we don’t cover ir;

D g

v
193 Tg expand on thi i
p this, the term @cfers to how the machine decides to stop giving a breath in a general sense, termination as we’ve

drawn it out is specific to press pport breaths

'™ The primary mechanism fol inating a pressur breath be th

T 1S r nating sures support breath will be the flow inati may help to 1K ol the imce
(ettiiniat " p th will be the flow termination and it h think of the time
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95 Chatburn & friends, 2014 — For more on that hybrid situation, take a look here; these guys would identify it as a machine-iriggered
breath, but since we started our discussion with a differentiation between time- and patient-triggers we will just refer you to their
article - the labeling doesn't change our treatment

1% But again, this doesn’t necessarily have to be the case and we can, in fact, work to have pressure support breaths equal in volume to
those mandatory or time-triggered ones; sce section on Synchronized Intermittent Mandatory Ventilation for more on this

107 ; (
And we realize that we've talked a lot about Triggers here, but the details on that have been deferred unul later on
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19 Bauer, 2016¢ — Take a look at this short article for a review of Henry's Law and the concept of PO, at the pulmonary capjllaries,
offers a preview of how we can improve oxygenation in the ventilated patient (the steps of which we will lay out in this section)
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OK - alnghts PaO2 - partial pressure of arjer;

: al oxygen: PEEP
VO,

g posiive end-exprratory pressure; POy - partial pressure of oxygen
partial pressure ol venous oxy gen, Sp0;

Recognize that gasscs will diffuse from areas of hj
this baseline example, oxygen will move from the a
The first way that we can speed this process up is b
system. Instead of 21% of he gas mix or 160mm
(Fraction of Inspired Gixygen | 0) or 760mmH
alveoli, resulting in & higher

pulse oximetry

gh concentration to areas of lower concentration. In
mbient air to the alveoli, then into the pulmonary capillaries.
Y changing the partial pressure of oxygen at the start of the
Hg of oxygen, we can titrate that all the way up to 100%

g- This will increase the rate at which oxygen diffuses to the

z""\f‘fﬂ pressure of oxygen downstream and, subsequently, faster diffusion into the
m: \ | .
bloodstrea 0 e d al
7 o 4 -
i1 at the alveoli: e e |
f i ! )
| PC: = 663mxHg Iy ﬁ)« o jetl 1
RV A
3 Voo i,
AN 1 \ gy A
/| | | — \/__ ! vy
(| H >
i / I — NN
[\ / pulmonary capillaries Ak
\ / A\ 0 38 1CS:0
"’ \ / )

PO, = 40mmHg

Let’s recap this bit and do some math: PO; at the alveoli on ambient air is 160mmHg, PO; at 100% FiO:
is 663mmHg. To quantify the result of this difference let’s apply Fick’s Law:'®

v _ (Py=Pz)xareaxD
thickness
V = rate of gas diffusion across a membrane (i.e. at the alveolar membrane)

P1 = ingoing pressure (i.c. to the alveoli)
P2 = pressure at other side (i.e. in the blood)
area = self-explanatory...
D = diffusion constant for a particular gas (oxygen in this case)
thickness = also self-explanatory...

areaxD . -
———is constant and we call it k,
thickness

we end up with the following:
V=(P - Pk

19 Desai, 2012 — This video, courtesy of Khan Academy, outlines all of these factors with an animated depiction of Fick’s Law

63



l,}’lll‘l'"“l oxygen: Hgh hemg

el
e O oxyeen h"\
cu P

Rykerr Medical LLC

I W
e il
e e
me emth0 1 il
exs syndrome: .\luﬂlnh,mﬂ i 100
oc = .
atory jent atr an

b
for he 2 4)k
.t in some MBS T _ (100~
and e 30 9P g i =

% Fi02 situations:

ale respatony distr
I:

ARDS - i¢ s

_ 40K
V100% 0xyE" = (663
‘ 623k
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0% (or a Fi02 01 % m air,
imes faster 3¢ 10 :takeaway here s that When®ver we

iffusion occy of. w5

gen diffusio! ¢ thing t0 e aware 0, isa heck of a way to get (2t done,
gmﬁcan embrants Fi02 P ifth b ,

he alveolar ﬂ:j hickness) &€ also issues or if the pro le:. s wigy

n those cases We may need to auvmeny thig

rstent
That means that 0XY£* :

Which is both nuts and @ clinically st ¢

need to increase the diffusion of gas acrosumion

The holdup is when other factors in the €4

. i iffuses into

int at which it di

oxygen transport after the pO Bt s real s00N-
strategy with other techniques, as WC will discust 1se damage when

; an ¢
; i is that oxygen Can ¥ wff can 0
Another thing to mention here Kye®. which the s . ‘ 4
i dg ount of time. Now the timeline & ¥ ilate everyone with an Fi02 of 100%. Wer
g by n we need to g6t reckless and Ve dea is to make surc 2 need is met while b
transport, but that doesn't meal ygenation and the idea bt i
talk in just a moment about how We evaluate OXYE gen, have consequenccs,

: ign as OXY|

x ; o as scemingly benig? . SRR

s el evcnbs_oze‘fh lz ire move on, one specific argument against a high FiOs is the
t a bit be1or "

To expand on this idea jus . d to nitrogen washout and the fact that oxygen
: i i Josing of alveoli relate '  the f .
idea of absorption atelectasis — the ¢ osmg_ Jess gas in the alveoli.”z While the clini calmpacs ofthig
: i i tream leaving 1€ss . et ol im |
quickly diffuses into the l;]g?iiate and may not actually make a dlfference, itis sm_n?th:n%h_hﬂt éOmcs .
Z?Quenfe of;r,c‘,:tt:(;spl;%efns 113 Apd if we do give credence to the idea, ways ;o Tl;lg; ¢ f:;; foc f ol
scussion of ve y : ' e
maintaining a patient’s spontaneous effort to breath (dlscussed shortly in Comfor ) p g

: 14
Recruitment Maneuvers (discussed much later).

the blood-
1o

given in excess of phsiologie

cour is likely longer tan gy

ng

e RTEEE . 3 ia take a look at this video (lots of detail, revi

110 Murphy, 2017b; Macintyre, 2014 — And to review the different types of hypoxid, t g 'etall, reviews
the t"uu.;'p ty);:s as we often glrxel them in critical care transport) and that article (different system of considering the various causes, byt
equally informative) .
111 Kallet & Branson, 2016 — This article looks at both why it ma
consequences of oxygen may be exaggerated . )
12 Dynphy, 2012 - Short video that explains both {he mechanism of absorption atelectasis an
effect

13 Yartsev, 2019 - This article both sheds some doubt on
mechanisms by which oxygen can adversely affect our patients

1M Hartland & friends, 2015; Radermacher & friends, 2017 - The first article outlines an argument for the use of recruitment
maneuvers in certain patients (which seems reasonable to extrapolate to some of the patients we se¢ in the transport setting); the
second specifically addresses this idea that recruitment maneuvers are of benefit with absorption atelectasis

y make sense 10 limit oxygenation and how the negative

d how patient effort can mitigate the

the idea of absorption atelectasis and describes many of the other
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¢~ alnght: PaO: - parhial pressure of arterig > o
OK - erial oxygen; PEEP - positive end-expiratory pressure; POy — partial pressure of oxygen

PvO: — parti
= partial pressure 0
partial pressure of venous oxygen, SpO: - pulse oximetry

Ioreasnig FiO; is one way to get more oxygen into the bloodstream. While this isn’t the fix for all
es of lTyp(?)ua and Ehcrc arc some potential negatives, we generally start here when looking to address
0XY, genacios 1ssuc,s, 3 !m next way we can increase oxygenation is via Positive End-Expiratory Pressure
Now PEEP doesn’t quite work by the same mechanism, as the addition of PEEP doesn’t much change the -

p

(compared to 100mmHg &t - AL

baseline/ ambient air)

i1
! 1 at the alveol: J

| ! PC: = 101mmHg
AR B A Ve
A /A
e N
f 1 :
A .
1 / \ /i __—_\/’——
\ J \ / pulmenary cagilleries:
o’ \_“ P0: = 40mmHg

Instead, PEEP facilitates oxygenation primarily by increasing and thinning out the alveolar surface
th:oughf)u.t the respiratory cycle. We discussed this concept way back in the sectfon on Alveolar Surface Area
and again just a momem.ago in the section on Positive End-Expiratory Pressure, 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: ’

v
E
before &

+ treatment

> blood
after time
W
= blood >
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o - 11‘:“““30 ) o
y disress SO piatony: »¢ necessarily impede gas exchange

< nspiratory 1o ¢N . X
LLE - nsp - fuid in the alV i::le ;0\’55 fairly efﬁmentli’- th.rough “‘C!lli e
As a point of clrification onthis 1 foe, carb®” dw’-(ncreasi po at the alveoli via both Fi0, gy

muuch as we might think. AS ¥ mention¢C L intained Y gomya) impaits oxygenation In rundabey
is that edema makes alveolj More

. an be + (oulmon: :
enation, on the other hand, © eoli (PY o of this i
Oxyg 116 Edema 10 mechaﬂlsms it harder for us to get air int the alve |

ol

; q t
PEEP as we just pointed out the prim akes i
ways, We'll mention these later; but one ofv emﬁatio 7 Jralso min fact, impact the processes of o :ygenay;
suspectable to damage in pos_mel-gr;j; o flid in e s dc:i:!m n
and increases work of breathing. ard diffusio prove™  on and Comfortare adequice (s
and ventilation, it’s not exactl)li(a sﬁf::f;}izussioﬂ: assuming ‘é’;;']:l‘a::i ding PEEP. While it’s tot.. 'y(oﬁ :‘()CXt
wi . Fi0z an ; S

Bttn gt e oznicx anation are increasité o Zl. ¢ with one another: recognize that [, i gy
sections), initial steps t0 X OXY§f Pin :1a s fow conscquences ih the aout,
of oxygen at ipful in facilitating gas exchany - acrogg the

. 10, an 2

use a stepwise approach that titrates both F'(ZZ veoli and b

oving partil ot especially he : tb fa .
decreast cardiac output by way ol 2 <rop ip

‘most direct fix for impr i
. ttin 19 PEEP, on the other :
(i.c. short term) setting driving fluid out of the lungs, bu;‘lm_ d);).'m Lastly, both of these technique: (Fi0, gng

a

alveolar membrane and o o fhi

preload to the heart (espec_:ially if our pan:}::: rl:s‘;(i)r\:nmry ol L eeton |

PEEP) improve oxygenatw:k m‘folihg;ltf);tl of the benefits of Fi0z and PEEP (in the con! ygenation) are
The next point to make 1S ¢

further maximized during inspiration:

ARDS - acute respiralor;

thinner alveolar membrane

PO increases /

more alveolar surface area

increased pressure t0
displace fluid

S ——
115 Speller, 2018 — We first cited this article in The
dioxide diffuse across the alveolar-capill membrane

116 Radermacher & friends, 2017 - Ttl:is :r?i,cle discusses the management of ARDS (which we will get to later) and mentions this idea
{hat the movement of gasses through liquid in the alveoli can be overcome relatively easily

117 Perlman & friends, 2010 - Damage to the alveoli, whether from edema or any other cause, can lead to 2 cascade of effects that
further impact both oxygenation and ventilation; this paper focuses on the specifics of how individual alveoli are affected by edema in
neighboring alveoli

118 Kuhn & friends, 2016 — We'll talk about Compliance (and Resistance) in a Jater section, but another way to say this is that edema
decreases compliance

:;: ‘T"vhz s11e :J:gc:lif:’ :1:0r:1l:euo;1 ::his slf:hjec':.of titrating FiO, and PEEP together in the section on Lung Injury

Dt I’ositivqu nd-ESx ;i ;t::lr;v; rper:ss::;c ventilation were discussed in both How is Positive-Pressure Ventilation

Normal Breathing Process when we talked about how both oxygen and carbon

& y 1 ? {
o] 5 3
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alrights POz - partial pressure of arterial oxygen. PEEP

oK
PvOs

oo ooy I postive end-expiratory pressurc: POz - partial pressure o xygen
0, ol ven ren: S
essure ¢ us oxygen, SpO pulse oximetry

This means that miore iime spent at inspiratior Tu imi :
T e es et o
consequenﬂy chz‘mges our I'E r:itlo. More specificdily, increasing iﬂspirat‘; e langing msplr";.lgry tfme |
shortens the explrat.or_\' time). For example, if we have an IE ratio of 1:2 a:({i the '_"CT%SCS_OUT_ - "3“9 .
might get an LE ratio of 1.1. And then if we increase it enough, it will ;avc tuall “mefcasc i duh
exhalation and we end up with an inverted I:E ratio that might l;e written a: 2:1 yThcco"']c g v
|ong inspiratory time (&0l v):‘l'au inverted I:E ratio) is that it can be uncomfonz;b'le forc 5 nrma?l deb: - Of?ll
need to get aggressive to mainiain patient Comfort. An inverted I:E ratio may al :k P'a ek Erte
patient t0 exhale fully, predisgosiag us to AutoPEEP. ‘ el i oagiriohe

Slfmmary up to this point is that there are three ways to improve oxygenation by adjusting setti
the vent: increase FiOz, add PEEP, and extend inspiratory time. Now why do we not just ﬁJll th g1 o Of’[h
100% oxygen find keep them inflated — we’d have a forever-long maximum diffusionjof o e; i::‘ gtsh!-lp "
bloodstream, rlgt}t? There are two reasons for this. One is that we don’t want to affect he;yfd :mfic«se
indet‘imte.Jy (as dlscysseq above and previously). Two is that it isn’t all about oxygen. We alsinhave 10
conSldCr.lt§ partner in crime, carbon dioxide, which doesn’t diffuse so well in gas (as .compared to oxygen)
because it is a bigger, heavier molecule.'?! The movement of carbon dioxide, therefore, is partiall dygend nt
on the movement of the body of air in which it hangs out. And that leads us ;nto our ne;cl s];ction zn .
Ventilation, but a few more things to cover before we get there.

lgther th.mgs we can do to improve oxygenation include sitting our patient upright or elevating the head
of b;:ij, ' enls\;lnng ‘:tiiequatcp perfuswr:3 3utilizing more lung volume via Recruitment Maneuvers, and
considering Mean Airway Pressure.'> W *t get i i i :
SRl g maChincc'won t get into the details of all of these things here, as the focus

12! Flowers & fri — This di i i
12 Spooner & ;:i:[:gl;: i(())l]i T\;vh;ls“n:lgei:;e::i ]l: h0\‘-v lqu;ckly oxygen and carbon dioxide move is explained by Graham'’s Law
. i Acnus, - Whil icle mainly focuses on lung volumes (which is i
:tz ]g&;:iil]nlo detallI gnlthe physiologic effects of elevating the vented patient’s head( aigpon oo sxggenation)
e we Co i i i
20 250 impaos l;llen?ﬂi(:ig:lnke the argumem that going up on respiratory rate increases the amount of time spent on inspiration, doing
(next section) so we generally don’t consider rate one of the variables by which we control oxygen;nion )
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imuﬂbchzmoglobin onloading step herel
~ 0,
freshly arrived OXYEE" . g
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124 Silverston, 2016 — Short article that describes both the technology and the limitations of pulse oximetry
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bt PaOz - partial pre ol anté »
0K lright: PaOz - parti pus-;:n;)ul irtenal oxygen; PEEP posttive end-expiratory pressure; POy partial pressure of oxy gen
v, |)m|;|| pressure of venous uxyeen §p0; - pulse oximelry

Drawing _it out thjs way is ?/ bit of a simplification, but it does help us to understand what it is that pulse
oximetry is looking at. 71)“ note that hcmgglobin doesn’t cruisc freely through the vessels, it comes attached to
red blood cells (lots and I"‘“Sl Of"“'HOEiobm per each red blood cell), but the four sites per hemoglobin is a fair
descripﬁOﬂ- Also. consider Lha’ tjw: measure this saturation peripherally (hence the p in SpO3). This means that
if blood isn’t getting to i F:‘:.r\'phery where we have our probe attached, numbers may not be accurate. And
jastly, recall that as oxygen binds to that first site on the hemoglobin the physical shape of the hemoglobin
molecule chang.es to atrrac. subsequent oxygen molecules to the remaining vacant sites. This is why we aim for
higher pulse oximetry vah:us‘oyex 93% - once we get those hemoglobin molecules mostly filled up, it makes it
way easier to fill up the renaining ones.

To carry on with this idea: when we get to 100% saturation, all further oxygen we put into the system
will remain as dissolved oxygen in the blood. This has the potential to cause damage (as we've discussed
pefore), SO W€ tend to titrate pulse oximetry to an upper limit of 99%. We don’t normally take our assessment
of oxygenation much further than this in transport, but there are some programs that have the ability to measure
blood gasses, so let’s just touch on that for a moment. Partial pressure of arterial oxygen (Pa02) allows us to
see how much oxygen is dissolved in the bloodstream on the arterial side of the circulatory system. If we have
an SpO2 of 100% and a normal PaOy, then our potential for causing damage is less than if we had a saturation of
100% and a markedly elevated Pa0s,.

There are, however, many things that impact this relationship. Different factors can change
hemoglobin’s affinity for oxygen (and carbon dioxide) and we can better understand values for SpO; and its
relationship to PaO; by considering this affect. For example, we may see a low SpO; paired with a normal
Pa0; to indicate that hemoglobin isn’t holding on to oxygen as well as normal. This gets a bit beyond the scope
of our discussion, but we’ll return back to this idea later on when we talk about Acidosis to give some concrete
examples and clinical application.'” Just keep in mind that PaO provid apshot in time, while pulse
oximetry provides a continuous stream of information, 26 — e«

One very last thing about this and then we’ll get on to other things. There is some potential for utilizing
partial pressure of venous oxygen (PvO;) in the transport setting. PvO: samples are normally mixed-venous
samples from a central line, but we could measure the partial pressure of oxygen from any blood source, to
include venous blood from a nofrial venipuncture. Now blood on the venous side has already passed the
capillary beds and therefore is dependent on delivery, metabolic need at the tissues, and offloading, so we
would need to keep those things in mind. And in fact, there have been investigations into how we could use a
peripheral blood gas to direct treatment if we do keep these other components in mind.'?’ 1t’s not that common
at this point, but neither are arterial sticks in transport; using a PvO; could be a bridge to fill that gap.

/

l‘) ,.‘)\"‘ A’

'3 Hasudungan, 2018 — To dig more into this idea of what can affect hemoglobin's affinity for oxygen, refer to this video (and it also
applies to the following section)

26 Farkas, 2016 — This piece outlines a number of situations in which pulse oximetry might be preferred to the arterial blood gas
27 Chemtob & Moller-Sorenson, 2018 - These guys looked into this concept of utilizing a PvO; with a peripheral venous sample to

direct and guide treatment
EI%" W=
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MV - minute volume: O s DR
T Oxygen: PEEP - positive end-expiratory pressure; VA

Ventilation el Nl

alveolar minute ventilation

The next very ig thine i Hati

e Syste]l:”l - bo;hlgl?::/f;?l:;egltisthlncig is chtllatlon: Ventilat‘ion refers to the movement of 'air in and out of
tEihon disxiil and allcw exhalation. As discussed before, this is vitally important for the

movem’eqt of carbor uuqu'.,. Too much carbon dioxide hanging out in the lungs with no escape is bad news, so
we can’t jus‘ft focus w? getting oxygen in. And while we typically think of carbon dioxide in the context of ac‘id-
base analyst_s, TeCOp s ‘;!mr there are a great many reasons to keep it well-controlled.'* So how do we know if
we are moving enou; b v for a given patient? There are two strategies here, and we will discuss them both in
turn: calculated l'm]:lnll': volume and end-tidal monitoring of carbon dioxide (’EtCOz)

If we math it out, our minute volume goal for the typical patient should be:1 0

MV = 100ml/kg IBW/min

_ This nu.mbcr varies a bit for Faticnts with an increased need (i.c. Acidosis), but it’s a good place to start
as wnt'ten and is al? appropriate minimum for most patients. Having a goal minute ventilation in mind and then
assessing actua| minute volume (typically measured by the vent) is a great way to ensure that the patient’s needs

are met. > A O/ el

' Concumn ently, we also use EtCO, to monitor ventilation.””' When the body uses up oxygen at the tissue
level, it kicks back carbon dioxide into the bloodstream. That carbon dioxide then makes its way up to the lungs

where it passes into the alveoli and then 7i§'exh led out. It looks about opposite to our previous sketch showing
how oxygen moves through the systcﬁu,/

movement of
carbon dioxide
— d
CO, from: cells to blood blood to alveoli alveoli (fungs) to universe

129 Yartsev, 2019 — See this page for a very thorough overview of how carbon dioxide can affect the body in different ways
139We discussed where this minute volume goal number comes from previously (in the section titled Minute Volume); and see scction
on Ideal Body Weight to review the basis of this idea, that lung size best correlates with height

131 Sigbal, 2016 — We will cite this article again later (in Acidosis and in the Appendix), but it is an excellent resource for learning
more about EtCO, monitoring and related concepts
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volume goal and BICO™ VI oy i 35-4smmHlE | ed with the choice 38 6 % fould manipyyy,
100mU/kg BW/mIn; nottne fore we move o when ac€” ute Volume, here’s what we recommend: to
And one final point befor o to cffect a chang® in Min inute volume utilize rate first, Now we are
Respiratory Rate of Tidal Yom-r: 1 volume first; 1© decrease ) -th some thoughts on why it Tationale jgy
increase minute volume, utilize ttl ?,vhy that is and then follow up v:this explanation and then we’ll discuss s’y
i i t
i tline an argument s ©© 1d with us throus! discuss i
goileg at: ;o“od as it is often presented 10 l:]e. S? 1}11 ‘])mlds true, it’s mainly a matter of to what degree this differeyg,
€T s of the idea sti s

afterwards. Know that the bas’

tually exists in practice. ) ) s
* yLe:t’s say we have @ patient breathing at a 1a

anatomic
dead space
tidal
volume
alveolar tidal
volume

tidal volume 450ml
- anatomic dead space 150ml x 15/min

f15and a tidal volume of 450ml:

minute volume = 6750mV/min

alveolar minute volume = 4500ml/min
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A1V - minute volume: Oz -~ oxygen; PEEP - positive end-cxpiratory pressure; VA - alveolar mimute ve pulanon

Now assume we want to increase alveolar minute volume by an arbitrary value of 300ml. We could do
this by either of two ways: in_cl'Casing rate to 16 or increasing the volume of cach breath by 20ml. Whi!c cither
method is just fine mz tl:cmatically, adding in an extra breath is a bit less efficient and puts more stress into the
system- Thatstress €OMOs A few different forms, but we’ll get to all of thosc later.'’? And here’s how the
math would look in cither case:

case ame: Lyurpws rute
tidal valume 450ml VIS 7200
cad space 150ml \\

x 16/min

+zi2: tidal volume 300ml S minute volume is differcnt

(Ic.m‘e&hdwmngaz)

VA = 4800mV/min

2. vitis] volume
tidal volume 480ml MYV = 7050ml/min

- ¢ dead space 150m! x 15/min /
v #o ez udal volume 320ml VA = 4800ml/min

Now on the opposite end of things, if EtCO; is low (which indicates too much minute volume), then we
back off on respiratory rate first. That gives us the same differences, but in the reverse: less alveolar minute
volume (which is what we want) accompanied by less of the negative consequences. In reality, either strategy
(titrating rate or tidal volume) is appropriate, it’s just an extra thing to keep in mind if we want to be more
resourceful in our vent changes.

While we’ve shown just now that it’s more efficient to use tidal volume to increase ventilation and rate
to decrease ventilation, know that both anatomic and alveolar dead space can sometimes increase with more
tidal volume."?? This means that the difference in both dead space and alveolar minute volume in the above
calculations may not be as marked as we’ve demonstrated. The tough part about this is that we can’t rightfully
predict to what degree dead space will track with an increase in tidal volume, as there isn’t a direct relationship
between the two and it depends on a few other things: how the current tidal volume compares to overall lung
capacity, how the breaths are being delivered, other vent settings (especially PEEP), concurrent disease
processes, etc. So while we still recommend to consider the difference and use some discretion when making
changes, know that this argument doesn’t give the whole picture and that we can utilize rate or tidal volume to
change minute volume in either direction.

And to sum’marize: ventilation is another one of the big things to address in mechanical ventilation. We
s.tart by using a Welght-l?ased goal for minute volume (by way of an age-based respiratory ratc and weight-based
:‘rilao]r‘r::zllul‘;,:;‘(aj)(e)ln“j tl;;x;tltrate it as we go to an EtCO; goal. This minute volume goal is 100mV/kg IBW/min and

2 1s SmmHg. More minute volume will drive EtCO2 down, less minute volume will lead to

an increase in EtCO2. To increase minute volume, we go up on tidal volume and then rate; to decrease minute
volume, we go down on rate and then tidal volume.

case tw ..
alveolar minute

volume is the same

132 i

D"I;/:::; tb;:at:sﬂmear;s more of an impact on hcxpodynamif: function (discussed in both How is Positive-Pressure Ventilation

o ? and Hypol ension) and an extra inflation/ deflation cycle which can put stress on the alveoli (discussed already in Positiv
nd-Expiratory Pressure and again later on in Driving Pressure) i Y e

133 Yartsev, 2019 — This page dis RS N o
Dead Space if ncod b page discusses the variation in dead space with changes in tidal volume; also refer back to the section on
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2 Agitated o
Anxious Of appnhenslw but movements not aggressive igorous
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0 Aert and calm
ly alert, but has sustained (more than 10 %) awakening. with eye contact in
e response to voice

-1 Drowsy

Light sedatio ef Al n 1
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Moderate sedation Any movement (BU no eye contact) 1A esponse 1o voice
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and calm (score oy

1 Observe patient. 15 patient alert

sistent with restlessness Of agitation (score, +1 to +4 using the

Dogs patient have behavior that is €on’
criteria Yisted under Description?

|f patient Is not alert.in 2 \oud 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 5 (score, 1)
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Patient has any movement in response 1o Voice, excluding eye contact (score, -3)

I patient does not respond to volce, physically stimulate patient by shaking shoulder and then rubbing
sternum If there Is no response 10 shaking shoulder.

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

Patient has no response 10 vaice OF physical sumulation (score, -5)

Reprinted by permission from Reference 103

134 3 H
We first mentioned AutoPEEP in Modes of Ventilation, specifically when we talked about Assist Control

76

NV
° Rykerr Medical’s Vent Management Guide

nonverbal payy

Y |‘.
SOk

yhi

alnghe; RASS
: | Riq
Biomzed weern n +ehmond agitation-sedation scul

wndator

' ventlatyon
o hi
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paralysis, for that matter) should be a last re;on for ncazly a“P:eu::r(: flzz spontancous
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35 We discussed th onsequences of i P P Vi ?
pos o [t (:‘SIC C ) quent “: I;:nechal\m;al ventilation in How is Positive-Pressure Ventilation Different
. s — While this article foc v i y

fﬂ Gh:!ll oul la‘ &1 leralzso ::e al e uses on SIMV and how we maybc ought to phase it out, it touches on the idea of

Mauri & friends, 2017; Macin ntyre, 2014-T i

: ; ) ) s he first discusses h Vi e 0 ntancous breathing in the vented

stientit 4 ] 0w to navigate the benefits of po! ing 1
138 Patel ith Poel:snnallclonscq.ucncgs. the SFCOnd outlines how comfort can decrease oxyg:nlcons:mp\ion in lshc \’Clll;d pal ien e
atel & Kress, 20 This article outlines some lhoughls on both ana\gcsia and sedation in the vented palicnl' we've :rsol taken the
L

graphics for the NVPS and RASS scores from this article

ERE
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ini .

to differ the ideas of Synchnl;n},;and c;c;mplliace. fsyﬂch:()ny 1S whey
’ ¢ on . chrony, therefore,

ITIOW 1,5 A SIIVEE . {ine with the patient’s respiratory effort. ' Syn! Ly e wpuld be whey
the ventilator’s efforts are 10 ine pine decides 10 give a breath some other time,

¢ ma
nt follows the lead of the ventilator 0 4

entiate between

i inagiveni but th
the patient wants a breath in a given instant, 0% e
Compliance, on the other hand, is used to describe how well ﬁ“e 1;3 ! it el
paralyzed patient is for sure compliant, but that doesn’t mean it shou : el

should strive for synchrony and let the patient take the lead on things, adjusting settings along the way to mag

echanical support 10 atient cues. o ) .
’ The strzlzegy middress comfort for the vented patient is tO treat the extreme end of discomfort using

drugs (both analgesia and sedation) and then do what we can 0 (.)ptlmIZC Zyn‘fhffs}’ gn th:l v.ent itself once the
patient is comfortable enough to respond to more fine-tuned sem.ngs, TO’ egin this mr;- : ning, we first want1o
make sure that patient effort to breathe is supported by the machine. We 1l, tatk about Triggers later, but the
general idea is that we don’t want to ignore patient effortfend we also don’t vyant to sex}d breaths down the
circuit accidentatly. We may have to trial different thre olds and types of triggers until we find what best suits

the patient and that’s completely OK. % ) )

e —

199 Goligher, 2017 — This article (which we referenced before) is brief, but gets into the details on some of the more subtle concepisin
this discussion of synchrony

140 And this use of the term compliance {0 describe a patient following {he ventilator’s lead is different than the idea of lung
compliance which we discuss later in Compliance (and Resistance)

o
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datory ventlanon

Now let’s summarize our approac i ddressed

4 pproach to patient comfort, the third of the three big things to be a SC

for all vented patients. Our goal in addressing comfort is to maximize synchrony am; this incltudes both
\t

matching ventilator effort with patient need and maintaini i

this all, a scoring system should be utilized. Eggﬁ?&ﬁiﬁ:ﬁ;&?ﬂ;ﬁﬁ;ﬁeﬁom -TO hdp. fage

z;nalg;ma :“‘ti sedation. After that, however, we can fine-tune ventilator settingspm ﬁmt: s w?ﬁbom

de;c: el:tsmz c;:gms mctLude adjusting tnggers_, increasing inspiratory time to yield to a higbr;lff’g::iz Em aclzfcy.
e e or method of control, and using higher values of pressure support if in SIMV mode. e

141 . .
Johnston, 2017 - This page looks at this concept of L:E ratio with exertion in terms of a fraction of inspiratory time

time; while it is geared to pulmonary function tests and exercisc physiology, it is still applicable to our discussion

over expiratory
142
42 And refer back to Modes of Ventilation and Control of Ventilation to brush up on these ideas
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Positive end-cxpiratory pressure

peak Inspiratory Pressure!®

peak inspiratory

/ pressure

pressure +

time

Peak inspiratory pressure (PIP) is the highest point on this waveform. It represents the maximum
pressure as we dclfvcr a breath into the system. It is also known as peak pressure (Ppeak). Peak inspiratory
pressure 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 ‘lungs. A normal peak inspiratory pressure is less than 35cmH:0. An isolated peak
inspiratory pressurc that is too high generally won’t cause damage to the patient, rather it likely indicates
something gone wrong in the system. This is particularly relevant when we have a normal peak pressure that
then becomes clevated. In these cases it is important to seek out the cause and fix the underlying issue.

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

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

143 Njj i A
Nickson, 2019a_— Shop article that provides another good review of both peak inspiratory pressure (this section) and plateau
?Lessure (next sec}mn); cited normal values are supported by his content
But vfor the curious folks out lherf:: .in volume control flow is determined from tidal volume and inspiratory time; in pressure control
stnd with pressure support _breaths) it is a function of pressure and rise time
) And one part of how to identify the cause of a high peak inspiratory is by assessing Plateau Pressure (next section); we have this
all drawn out in a flowchart later, but first we need discuss all the terms and concepts first (sce Watching Pressures)
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n these cases the elevated plateau pressur is not due to distention at the alveoli, rather it is due to

something else. Examples would be 2 tension pneumothorax, burn t0 the chest wall, or even physical

compression as with an entrapped patient. S0 while we generalize plateau pressure as reflection of alveolar

pressure, know that this isn’t always the case. ] ‘ .
In summary, plateau pressure is typically the pressure seen by the alveoli when we deliver a breath in

volume control ventilation. A normal value is less than 30cmHa0 and we measure it by performing an
inspiratory hold maneuver. While there is no bottom limit to plateau pressure, it is important to recognize that
we want fo fill the lung and alveoli up with each breath delivered, so be wary of a super low plateau pressure
and consider inadequate tidal volume (and subsequently minute volume). High plateau pressure can be caused
by too much tidal volume, pneumothorax, restriction to chest wall expansion, mainstem intubation, and a few
other things that we'll spell out later on.
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positive end-expiratory pressure

Al rway Pressurcs in Pressure Control?

Up to this P""‘F1 j"j;*_ ve ;“50“?-%(' Peak Inspiratory Pressure and Plateau Pressurc in the context of
yolume Control ventilalion, ut things are a bit different in Pressure Control. Let’s start with what a pressure
ontrol preath looks fike raapped out as pressure over time:'*’
c

pressure into the
system stays constant
throughout the breath

- pressure +

‘ti.me-)

First thing to mention here is that the top of that waveform (i.c. the flat part) represents the value we
have st for pressure control and that we often refer to that value as peak inspiratory pressure. For example, we
could either say that the patient is in pressure control with a pressure control of X or that the patient is in
pressure control with a peak pressure of X. Either way is just fine. The only caveat here is to consider if that
pressure control value is additive to or inclusive of PEEP (as we discussed in Types of Breaths). Peak
inspiratory pressure is always an absolute value that represents a pressure measured against the atmosphere.

Since the machine in pressure control limits pressure into the system, the actual highest pressure will
only be above that flat line at the top of the square waveform (marked by the red arrow in the graphic) if
something causes a disturbance in what the machine is doing, such as a hiccup, patient movement, speedbump,
ctc. The machine won’t intentionally put more pressure than what we have set, but a peak pressure higher than
the set pressure control can occur. So while we may still set a high-pressure alarm and monitor peak inspiratory
pressure in pressure control ventilation, our concem is more for being aware of disturbances to the system rather
than being aware of changes to airflow, as was the case in volume control ventilation.'*!

150 4 £
To review these types of waveforms and how this pressure control waveform differs from a volume control one, refer back to
Types of Breaths

151 Naft . . . 5
) In pressure control ventilation, we become aware of those obstruction issucs by monitoring exhaled tidal volume (and maybe flow,
if available on our particular machine)
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152 Hess. 2014 — Another way to say this is that if flow gets to zero during the inspiratory phase, then peak inspiratory pressure equals
plateau pressure
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AutoPEEP 7

AutoPEEl.’ is the idea of Positive End-Expiratory Pressure being mmﬁ;fﬁdw into the system
inadvertently. Itis glso known as intrinsic PEEP. Remember how we said 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 ScmH30)? Well, AutoPEEP is when that
paseline starts to creep up from whatever we have set as PEEP to higher values because the patient isn’t able to

exhale all the way back to baseline before the next breath comes around. This idea is commonly referred to as
breath stacking and can be represented like this:

4
" AutoPEEP |
2 PEEP I
E- time = ]
ime ;
. | PEEP (5cmH20 baseline elevated with addition AutoPEEP: difference between
above baseline) of more pressure above PEEP

where we end up and preset PEEP

159 Mojoli & friends, 2015 ~This short paper assesses the efficacy of these altemative methods of measuring platcau pressure
134 11 the sections Compliance (and Resistance) and Driving Pressure
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153 We talk about this high-pressure alarm and the fact that it can compromise minute volume later on in Alarms

88

nsic posit™ o Aut oPEEP in the system at al], That

Rykerr Medical’s Vent Management (Eide
corn  ch C obstructive

chromic <)h\|lUL4I\:J!E1I1n(:na1ry discase; I:T, nspiratory to cxpiratory, OK - alright;

PEEP - positiye end-expiratory pressure : A

AutoPEEP in Pressure Control will also result in decr, ; :
i i ¢ haled tidal
yolume per breath), but by a slightly different mechanism, il duede s <

Breaths don’t get cut short as they do in volume
flow to get to . ; get cut short as they
controls rather the - that set pressure is less. And since volume delivered is the product of flow and
(ime, We get less voliume,

+ } o3

- e AutoPEEP |

g |esndics PEEP

s 1

p J\ J\

2

= time >

tidal volume = area under the flow time waveform
less AP= less flow required = less tidal volume

To measure AutoPEEP or to check its presence, we have to perform another mancuver called an
expiratory hold."”” Doing an expiratory hold allows us to accurately see what the pressure is when we expect
the breath to have returned to baseline. Normally the machine will calculate an AutoPEEP for us by subtracting
PEEP from whatever pressure it measures during the hold.

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

accidentally triggering,'® There is also the idea of utilizing applied PEEP to mitigate AutoPEEP and we'll
touch on this idea later when we talk about an Obstruction strategy.'*

156 We used the symbol AP to represent the difference between pressure control and (Auto)PEEP, this is also the notation for a concept
known as Driving Pressure which we will get to in just a bit

157 There are other ways to check for AutoPEEP, but they aren’t typically available in transport unless we have access to waveforms
‘:; See sections on Comfort, Triggers, Inspiratory Time (and I:E Ratio), Types of Breaths, and Obstruction for more on these
things

159 Stather & Stewart, 2005 — And for a preview of this idea (utilizing PEEP to mitigate AutoPEEP), refer to this article

e
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169 Do note that there are some patients in which disconnecting the circuit probably isn’t the best aption, this is mainly a concern with
Lung Injury when we are particularly concerned with recruitment of alveoli
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G  end-¢
positive end-expiratory pressure

Viean Airway Pressure
Last pressure (0 talk about is mean airway pressure. It's

: ic ; r airwa
sometimes a9 Prr2an (mean pressure) typically represented as Paw (stands fo 4

ssure); . : , and less often as MAP : 161 Mean
air:WaY pressure IS thﬁ uw:x':?.ge prcssP{e in the system throughout the rcs;ir:‘:;)nrymcr;’:?z_ PTr;s:r‘::r?rc formulas to
cstimate mean airway -‘I_"Lﬁff 1‘rc, but it s probably easiest to just read off of our machine (assuming it's there).'®?
We don’t often usc .th‘n ?rmure to guide t_reatment, but if we notice changes in mean airway pressure we can
hen Jook in to de@lls fnlf 0‘ what ch‘ang'cd in the system, For example, a high mean airway pressurc can result
from all sorts of thmgi fﬂ{'h of which is a totally different issue: an increase in either Peak I nspiratory
pressure of ?lateau Fueseure, the presence of AutoPEEP, and increased Respiratory Rate. And same thing
on the opposite end, lots of things can cause mean airway pressure to drop and we then must work to identify a
specific causc. o ‘ .
One other thing ahput mean airway pressure is that it is strongly correlated with Oxygenation,
articularly duc lf’ the variables (?f Positive End-Expiratory Pressure and Inspiratory Time.'®® More of
cither of thesc things Ic?ds to a higher mean airway pressure, so it can help to think of oxygenation in terms of
this pressure and Fraction of Inspired Oxygen. Just recognize that too much of this good thing can tum bad
(i.c. 00 much pressure can lead to poor outcomes, as previously discussed). And while we commonly separate
oxygenation into ““1"'F’l‘:":O"“""I)ls (as we did previously), it may be worth keeping this in mind as we look for
wrends in patient presentation:

mean airway pressure

/J,fft-) » {h ) -
a4 ;L d / fﬂ J‘ I

fi’f” 4 /[wﬁ At /"

161 And P, sometimes is used for airway pressure in general (i.c. the y-axis in the graphic on this page is airway pressure and that
value changes throughout the breath), but we'll stick with it as a symbol for mean airway pressure in this manual

162 We use one of these formulas to cstimate mean airway pressure in the Appendix in order to demonstrate something about a
Hypotension strategy we will outline later

163 Lodeserto, 2018 — This page provides an altemative explanation for this relationship between mean ainway pressure and
oxygenation
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TV = 6 - 8mlkg IBW_
MV = 100ml/kg IBW /min

d our goal minute volume is 100ml/kg/min
o

an ey
if we choose a tidal volume of 6mU/kg d respiratory ratc is 17:

then our calculate

Mv:RRXTV
IOOml/kg/min=RRx6TV;§
lomg/min-?ﬁlﬁm%'

17=RR

i lume goal) comes to 13 per
. tch that minute vo .
_ i ur initial rate (to ma initial rate of 10 to 12 with adults,
Likewise, ltj we go with Smﬁgt:: see recommendations for an mltlalTrl‘:ere ssaliomgas st
minu. Althougl:)lt :&l o I;D;:’im volume goal is our preferred strategy. ¢
calculating a rate based on ik ) . . _
a lower rate, but we’ll get to those later. of tidal volume to choose from, Soﬂr;'lﬂ‘:"‘els 1t -;zf:lénga::lsrgfe eas;er
. s arange 3 ith a tidal vo nge o
) Mo'vmg forward, blf Wt; l;:‘c,:(ampli with an 80kg patllem we end llll}()) :;:: 500 or 600 or any el ;En ol
to pick a nice, g eri me goal of 8L; it’s a totally legit move to ¢ St repirony
480-640ml and a minute V("fu ¢ pick a higher value for tidal volume, we w to be exact, as we will acjus; oy
range. Just Trengnie Lhatll " : roximately the same. This does not have oo tid;l s s
Just to keep our mmgte Voklt:)n;ar%z our goals moving forward. So we ma(l))(/) ¢ (:I aate of 1 (for e calen
settings as we go and work to lume of 8L). Or a tidgkgd{ume of 600 an L cale
rate of 16 (for a calculated minute volumi dwe'll 74{ in our settings once we see how the patient
ither i 1 for now an /
minute volume of 8.4L). Either is coo /
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i tof ARDS in the section on Lung l{ljury ] . fox; alsa, efec backis
:: ]:Ive( dll;‘:tlsssogln: m;?eangtzn;te)anuire different goals and we will discuss those shortly in Speclﬁg Veniltoit;?t;lgelsee i
secti:nz on Tidal \J’Jo!ume, Ideal Body Weight, Respiratory Rate, and Minute Volume for a c:f::::,: i o
1% Specific examples of when we’d want to decrease rate below a normal range would be Hypol
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~"Spiratory 1y
EMlilatjgy. TV

Cx PIFalory pressur -
Wnchrunuud : i

+ 8 = second:
tidal vojume

nt m-’u)dzm‘lry v
As for kids, the approacy, js ¢, choose

estion of 13-17/min. Whije this wj . ference carg and disregard the above
g that later on.'$” For Sxample, lep's 56 J Verestimaiop of minute yolyme, We can titrate values to
address L g SUME 3 4-year_ o1 child of i -
PALS) we want a rate in tae 20-28/min range. 168 f 18kg. Based on this chart (again, from

te in line With 3 e,

Systotc Disstoie Arteria
from Hgye o Hgyt fmm Hy
Bath (12 h, <1000 g) 3959 1638 iy
Beth (1203 g} 80-78 31as P
§ Neonate (6 1y 67.84 883 o4
\ = Jex o= 2
4672 ol
5778 672
10131 :'d.? l‘;‘a
We can also use this chart based on the PAL S data:'6?
description age (years) rate | I-time (s)
_age.\Lﬁ%g__(L_% _Tate | I-time (s) |
infant -083 (1 month) - | 30-53]103-07
| nfant | ( ) 1 30353 |
toddler 1-2 22-37]/04-09
reschooler 3-5 22-28105-09
id| s ——===20]0.5-09 |
school-aged child 6-7 18-25] 06-11
big kids 8§-9 17-25| 06-12
=25 |
readolescent 10-12 | 14-23 | 1 0.7-14 |
adolescent 12-15 112-20 [ 0.8-1.7
adult 16 and up 12-20| 0.8-17

6" This overestimation of minute volume is because we use a hi
volume (or tidal volume goal in pressure control)
'8 American Heart Association, 2016 (image)
' As we mentioned before, see
times by age

gher respiratory rate for pediatrics, but still utilize a weight-based tidal

Appendix for an explanation of how we made this chart for normal respiratory rates and inspiratory
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And let’s take these values and do a few calculations as SO
TV=6- gml/kg IBW
TV=6- gml/kg X 18kg
TV =108 - 144ml

MV goal = 100mi/kg [BW/min
MV goal = 1800ml/min
MV goal = | _8L/min

MV calculated = RRxTV
MV calculated = (20~ 28)/min X (108 - 144)ml
MV calculated = 2160 - 4032ml/min
MV calculated = 2 - 4L/min
ffufes oy ()24
VolumeT::;r::;:: :m;le is a min'uui: volume g at d?ffers pretty significantly from the calculated 0
as exhaied i 0 lo with this informatio| e will cvcnn'lall.y want a minute volume (pre fcr,,;\“‘ linute
E{COy in the nom";’;lsﬂ_':) that matches or exceec!s our quantitative goal of 100ml/kg/min and aj«, / MCasureg
i ifiaafters t:n : 5 ra'ngf,, but let' s start w;lh 6»—8m}/kg a{lyways and work towards that go:i -‘Illvcs s ap
iy ventilmg venyllat}on. This overestimation 15 particularly important, and maybe c\__" !{‘ the firg
iy Overeat: a Cl:llld in volume cogtfol. There is always some dead space that we intro } Ifc‘saving‘
A s imation will help to mmgate that. Along those same lines, it may also be v, ‘e into the
on the higher end of the range (again, this is only for kids in volume control venti]ati;;';h Using 5
to funhel'

mitigate this effect.'”

170 For more on this i
n this idea of why we mi
. (-] .
Appendix y we might want to use a tidal volume towards the higher end of n 1 f
ormal for pediatrics, r
, refer to the
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i€ 10 visyal: .
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18 basj €s and con s and kids. Next
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n 2 w -
just take BW in g ith that falls in that range
| (75k In kg and B
RR AT T g IBW =750 My g‘g:;;e the decimal over
- 13-17/min
lads: [
usc a chart r:flge: ref;ircnce card or hav.
10 -] ce the CI €an = -
FiO2 1.0, then titrate down pediatric values!?! app on a device to quickly
We can titra
: te down in bio }
I - increment in big jumps a
PEEP e —— s unless we have gm% rel:soc;:? nged t(l:_$o in small
: for most ; 0doso'’”
I-time adult: 0.8-1.7s vents this will be whatever the machi
Kids: use a ct normal f - chine defaults to
a chart for the adult is 1.0s

"' Pedi STAT
— Great resou i
rce for quickly referencing pediatric doses and
ses and equipment sizes
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dialed in 00 the machine depending N Whig
parameters noet bef re, we can ventilate almost any patient ip oy,
ur patient. As said befor® ¢ for depending on what we choose,

monito! iy .
ich control . ort), it’s OK to jus .
Eogz :ﬁ‘; ;vi:l;ny method of control, $0 long as wfro orS with pressure support) JUSt start jy
o i on
ent in pressure COPE

jven we do soin a ti
And if we are ventilating a pati ying with itrate from there 8 timely
ne we arc wor

then t )
i ; - another chart:
the defaults on whatever machi! e ind Let's daw itall outin
i i ilati als 1 .
fashion and with our ventilation g0

falogram: L liter; ml Millily
” (Ul

ARDS - acute respiratony Jistress 8)

2 oyeen: [BW = i g
FiO: - fraction ol inspired oxygen- inuie:

s to look at what extra

Next step i
we choose for 0

—

‘/m/f
additional parameters .

L e
Assist Control | none

Volume Control N
5-10cmH20 and titrate as needed —
— smv | -

SIMV pressure SUpport start at

Volume Control - o
£ 10-15cmH20 and titrate t0 tidal volume goal E—
tart at 1U-

=
Assist Control | pressure control — s

Pressure Control
A . 1 —
[~ SIMV | pressure control - start at 10-15cmH20 aI:jd F::’f;;ea‘sﬂr:g:zle‘éomme goa
al
Pressure Control | pressure support — start at 5-10cmH20 an u
T

_setto 25-30cmH20

e | 74 .
Assist Control | pressure cap’' ScmH;0 above what we want this to be)

PRVC (often by setting high-pressure limit to
A st 1o 25-30cmH20 ‘
ls’{x"cl f;f%i?ﬁ;ﬁfﬁnz high-pressure limit to ScmH20 above what we want this to bc)

pressure support - start at 5.10¢mH:0 and titrate as needed

11519 5 bi identi ific starting points for both pressure control and pressure support in the literature and
rec:rtnsn?eg:i‘;t‘i)sg: :Zr;?:rig{?l:lﬂetcl:fse are po%n?s to start off alpand then we shou[dlavlwﬂys titrate towards exhaled tidal volume and
exhaled minute volume goals as soon as possible; as for more insight into these mmall sgnmgss

Ashworth & friends, 2018 — They say start with pressure control at 5-10cmH:0 and limit driving pressure (plateal} pressure or
pressure control minus PEEP, which we will discuss later on Driving Pressure) to 16ecmH:0 (which correlates with an additive
pressure control of that amount) L .

Kneyber & friends, 2017 - These guys recommend limiting a driving pressure to 10cmH-0 for all (pediatric) patient types

Nagler & Chiefetz, 2019 — This duo suggests a starting pressure support of 5-10cmH,0 for kids

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

174 Recall that pressure cap is a made-up term and is typically represented by SemH;0 less that what we set as the high-pressure limit
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. 3 0 .
SIMY  synchronized cdvolume copyygl RR Posthive end-expiratory pressure

SIT ) onized e Y ' CApIr

mntermiten mandatory vent| ‘| s cctng
Hahon, TV - q

al volume

At the expense of being overly redundant let’s combine g
. ine the lag

o how We deteriune vent settings, | 1 two charts i h
mmanze gs, n gcneral S into another one to
su o and for the norma| patient:
/—S—tép one. ” :
set &/ or calcibato - . Step two:
ke a choice and dial in extra stuff
6. ‘:“‘. fr-;i ——_'—‘—.\
—fﬁ,ﬁ’ 6-8ini/kg Assist Control | none —]
Volume Control
L —< | 100ml/kg/mi
MV 100mi/k¢/min SIMV res ]
S -5 z
Valkuos il Pressure support — 5-10cmH,0
T T e ———
RR adults: 12-17/min Assist Control
kids: usc a chart Pressure Control FENreeSare = 1l
——‘f‘—_‘ H
Fi02 | 1.0, then titrate down SIMV pressure control — 10-15cmH20
Pressure Control | pressure support — 5-10cmH>0
-—_—_—_—_ 3
PEEP 5-6cmH,0 Assist Control | pressure cap — set to 25-30cmH20
PRVC (normally: set high-pressure limit to SemH.0
above what we want this to be)
I-time adult: 0.8-1.7s SIMV

pressure cap — set to 25-30cmH20
(normally: set high-pressure limit to 5cmH20

above what we want thiste.be
pressure suppon@ ’% ;

In the ideal world, that’s how we get vent settings for a specific patient. In the actual world we have a
few things to consider (and we’ll frame them as questions): What pathophysiologic changes affect the way this
patient §hould be ventilated? What do we do with a patient already being ventilated if set;ings don’t matcil
what we come up with? How does this individual’s body respond to all our theoretical stuff? The next few
se_ction} »’villr answer these questions in turn. We will first look at specific situations that warrant alterations to
th\g.séttilggs framework, then we will talk about setting up the vent in any scenario, and after that we will

copsideﬂihow to evaluate an individual’s response to what we are doing with the machine and how we might
adjust th\lpngs to make him or her as happy as possible.

kids: use a chart PRVC

175 5 . & P
- In presTurc control we don’t actually set tidal volume, but we do need to have a value in mind and calculated out so that we can use
it as a goa
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and lung injury. There is no right or wrong in thyg
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176 : i -strategy approach: ;

Th::r Zﬁgglgeem:kfgglgg tf)'lllh'.:.lslF\)'vtz:zoa majgrg:a;ee that led the movement towards lower tidal volu}'ne w1t!{ vented patients; while it

focuses on a specific patient group (i.e. that injured lung cohort), it set the stage for further research into the idea of much lower tidal

volumes than were initially used 3 .

Weingart, 2010; Weingart, 2016b — A podcast series and paper, respectively and by the same guy, that outline this two-strategy

approach to vent management; while directed towards emergency department physicians, the content is 100% applicable to those of ys

that work in the transport setting
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AutoPEEP J
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COPD - chronic obstructne

jseaser Il

. Jation. We do this by extend;

¢ parameters {0 allow for more time .31 :22 is 1:2-3 and we can dccrcas::ﬁa(:rb

T}\e fix is to ‘ad.lust \t{emnc}zdccrcﬂsing L:E ratio)- 177 A good starting point in this populatiop j
I;ngthe{nng tlt: e:zﬁnr:;tor)’_r; tory Time or Respiratory ate. s (and also inspiratory time) unti] y sea
ecreasing cither the Inspl -« o decre : ; .
: t here 1§ ulation for us, but just,. féf

I:E ratio of around 1:5. The typical Wa):rt;: g;achinc norma"Y does th1s calc ) t /d|n ‘ ampl
an I:E ratio in that range that we want. 11¢ W
we’ll show it all here: /

e 1.0sand RR17:
~ 3.5s/breath

108 (]-time) =2.55

with I

with I-time 1.0s and RR 13:
60+ 13 breaths = 4 6s/breath
4.6s-1.0s (I-time) = 3.68
- L:Erato= 1:3.6

with I-time 088 and RR 13
60+13 breaths = 4 6s/breath
4.65—0.8s (I-time) = 3.85
. 08,38
~LEratio=g3'0g
I:E ratio = 1:4.8
So even if we drop both respiratory rate and inspiratory time t0 Lh'e lower el,ldi of our no_n: al pirameters
we end up with an LE ratio shy of what we want for these obstructed paticnts. Let's keep up with some of thes,

calculations and put them all side by side:

J-time 1.0s I-time 0.8s
rate | I:E ratio rate | LE ratio
17 1:2.5 1:3.4
16 1:2.8 16 1:3.7
15 1:3.0 15 1:4.0
14 1:3.3 14 1:44
13 1:3.6 13 1:4.8
12 1:4.0 12 1:5.3
11 1:4.5 11 1:5.8
10 1:5.0 10 1:6.5

177 And as noted back in Inspiratory Time (and I:E Ratio), normal is 1:2 and the 1:3 is more due to convention that what the patient
would breathe at if left alone to nature
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Now let’s assume we choose an inspiratory ¢
pat does that do to our other parameters? Big e of Losan

; da
225t thing (hyy il rate of 10 (for a calculated I:E of 1:5.0),

lations to demons i
some ctalcu a strate the impact on 65k 1geqy be affected is Minute Volume. We'll do
gm/kg: 0dy Weight patient with a Tidal Volume of
MV goal = 19
0 :
MV goal = 1ggmyger
MV ml/kg/min 65kg
goal = 6500mj/min

MV goal = 6.5Limin

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

MV calculated = TV x RR
MV calculated = 520ml x 10/min
MV calculated = 5200m!/min
MV calculated = 5.21/min

In fact, we'd have to go up to a tidal volume of 10ml/kg to get to our minute volume goal:

MV goal =TV x RR
6500ml/min = TV x 10/min
TV =650ml

65kg x ?mlkg = 650ml
7= 10mlkg

Now the pnor'ity in this strategy for the obstructed patient is to avoid AutoPEEP and allow full
exhal.atnon, so start with a focus on rate and LE ratio. If we need a starting point for tidal volume, just go with
the high end of normal or 8mUkg. Then go down on rate to an L:E ratio of at least 1:5 and monitc;l:] for
AutoPEEP. After that, we can then titrate up on tidal volume to maintain minute vo.lumc as possible. If for
some reason we can’t go too high on tidal volume due to a high plateau pressure and/ or we have a véry low rate
due to continued AutoPE.EP, minute volume may end up below goal. That’s OK in the short term, we just want
to try ﬁlI;d getas clo‘se to it as possible while still allowing for full exhalation and avoiding the AutoPEEP
issue.”” We lel simultancously be doing pharmacologic interventions (Albuterol, Magnesium Sulfate,
Ketamine, Epinephrine, whatever our agency endorses) and hopefully the reason for this alternative strategy can
get reversed to some degree and then we can go up on rate and work our way back to normal parameters.

1 ; ; . ;

_’ Pruitt, 2007, )’artsev. ?019 — 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)
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inspi atoyy, ¢ 2 S Voluye RO pregsuy, RR - respiratony 1
' aybe jhspiratory ; ti sion ; piratory ra
In Pressure Control, we still drop the rate (and may! t!h to try and get as close to our miny, vol e Hypoten peil 100 aeboer

(decrease I.E ratio), but we also want as much volume per bm"} ; 40

: ing straight to the to, :
8oal as possible. Instead of'a pressure control of 10-15cmH>(), consider going straig P and star:mg at
Cay

179 1n addition, recognize that thi In patients with i
ike.!” Ina ! 1S pj
20-25cmH;0 to see what our exhaled tidal volume values look like lé Pl

: ilation can decreas: . Mlial for hypoten,
I ecessary for all patic venti o ; Sion) the 1 - .
Pressure upper limit (30cmH;0) is a generalization thm_,may n:rt be ;ositivéré - H-ff’lﬁra)n;]ry Pressure t reference to both positiy: ) olntnbu 10 the iy Primary concem js thag mechanical
Second to last thing to mention: it may be tempting “’h Ofocess goes like so: if they are brcathm() 2erg We mentioned then thx, t;;a ly ang Positiy, nd-Exp; € discussed g already in
in these cases to better allow the patient to exhale. The thought r:.c That said, there is some th oughy gy 0 positive-pressure ven; thls effect, $o firgy : Pe:mfy Pressure specifically, '8!
while we are pushing air in, this has the potential o be problemat lied PEEP lower than AutoPEpy st foghstever i v o AN oy N e we are commitied o
applied PEEP cap help fix AutoPEEP, but we do want to keep applie sxlintzs OFypsuatiat s hcin‘ Pst knoy, spent at inspiration fi”i ; Benation, Beyong f::t Step is to restrict thgz PEEP
that we may want to maintain PEEP at our minimum of 5clmHzOlt)fl>E gp There may be a happy mid(.l'lccmn increase intrathoracic ;. of it thi way, Preloa:llvd:vc caf“; limit the time
more alveoli, but sometimes we let that go in order to avoid Auto : -’t o S St and n—’ground limit this effect. ftime Pent pughi oy OPs further whep we
with a PEEP somewhere between zero and a normal value, but there isn’t m we'll leay, 8 2irinto the system we can

it as a maybe in the overall scheme of things. 30

Actual last thing to mention: if we have decreased our LE ratio to accommodate exhalatiop, and we o

Now to quantify 1,
machine, consider two ;5.

dtcardiac Output are affected dye ¢,

. . o ry 0 breaths given by e
” ratory Time of | < 1M for the 4, € at a rate of
: ) . itrate our LE ratio back to norma] , , Inspl ot o o s nC adult pagiens OF10. If we assume an
UP at a point where AutoPEEP is consistently zero, we can then “t’a;et wards our minute volume g, ;nakc state of decreased prelox: (i ¢ Inspiratiop), We've la)f;]]et ; .'c_"la € how mych, time the patien; eXperiences a
things more comfortable for the patient. This allows us to work back to bl ot B0l that Wwe (%TaDP): e CIcentage of time 5 decreased preload
started with, as it is likely that our minute volume will be below that goal with a ! bpxramry rate, |y
things change and obstruction recurs (and then we notice AutoPEEP all over again), we can 80 back 1o the " Tadp
smaller LE ratio (j.e, longer expiratory time). The idea here is that we are constantly reassessing ang makip, * TaDP = Rp Hime) + g0,
these small adjustments to optimize ventilation to the patient in 2 given moment. Just because o Smaller [.g .
ratio was warranted at the start doesn’t mean it is needed forever. . ’ YT, of 17
To summarize our obstruction strategy: utilize a lower respiratory rate (and consider a shorter olaDp = (17 x ]-OS) + 60s
i 1 0
inspiratory time also) to a goal LE ratio of 1:>5, Consequently, we need to titrate tidal volume (f{f Pressure /oZ'aDP =175+ 605
control) up as far as the patient’s lungs will allow.™! Know that we will likely be short on our minute volume #TaDP = 780,
goal and that’s K. As our pharmacologic interventions start to wor_k we can hopefully migrate baf:k towards A
normal parameters to meet ventilation goals. Maybe consider dropping PEEP, but k{mw that there isn’t yet 0 with RR of 1
good consensus on that, Also, be sure tg check for AutoPEEP periodjcally and consider dlSCOHHCCtmg the vepg %TaDP = (19 ¢ 1.0s) + 605
9 = .
circuit to reset it back to zero jf need bef{! #TaDP = 105 + g
- , k iy %TaDP x |79,
Apee o cooet! (s R v it
G pre= wh o S 1 . .
Y\ ab i LIS ) ? A We can further drop ths Percentage by decreasing inspiratory time:
%‘E\\‘ ' .V‘\ = \, Vs l;,'{‘;\‘ S\m\Q o
" A : X b ol .
¢ 10 %9\ % & supl With RR of 10 and I.ime 0,5
ol R ¥0Y Gy %TaDP = (10 x 0.85) = 60s
\ N
PR %TaDP = g5 + 605
%TaDP ~ |39,
A pressure control value of 25emH,0 gives us the upper limit for a safe plateau pressure, assuming a PEEP of SemH;0 and an
additive pressure control value » :
1% Stather & Stewart, 2005 — In addition to exploring this idea of using PEEP to miligate AutoPEEP, these two also provide an
overview of a strategy for the asthmatic patient in general .
"™ Just remernber that it may be harder to get complete exhalation in pressure control ventilation (versus volume control) due_tg
differences in how those breaths are delivered (i.e. decelerating flow versus constant flow, see Tyj?es of Breaths to review thig idea)
' We discussed this fechnique of disconnecting the vent circuit for therapeutic reasons in the section on AutoPEEP
EI%E]
% " See How is Positive-Pressure Ventilation Different? (o review our discussion on the negative effects of positive-pressure
3 ventilation
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By dropping respiratory rate to 10 (from 17) and decreasing msplratoryhn]rtl}e ‘t:;h (?.Bs (low of formg)
the adult patient), we can cut the amount of time at decreased p'relo_ad by over half. W ile we coulg o
dropping respiratory rate, we stop at 10 because we need to maintain minute volume m. these Patients -l
look at what happens to Minute Volume if we drop the rate to 10 and then come up With a strategy ¢, -
it. As before, we’'ll assume a patient with an Ideal Body Weight of 65kg and a Tidal Volume of i resg

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

TV = 8ml/kg x 65kg
TV = 520ml
MV calculated = TV x RR
MV calculated = 520ml x 10/min
MYV calculated = 5200ml/min
MV calculated = 5.2L/min

Now 5.2L/min isn’t super far off from 6.5L/min, but we need to remember that a hypotensye patj
likely at risk of shock and, therefore, we need to make sure that Ventilation is adequate by dclivv*mg at :em s
what our calculated minute volume minimum is.' This idea is in stark contrast to the obstruction syrg "
which we decided it was OK to let minute volume fall below goal; in hypotension we need to mairaiy (c iy
exceed, especially with Acidosis - discussion on that to follow) our minute volume goal. So let’s titrateigd(;‘;e

volume up to 10ml/kg and see where we end up:

TV = 10ml/kg x 65kg
TV = 650ml

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

184 2 . v s
Mannarino, 2014 - Refer to this video for a review of what shock is and how it is related to oxygen delivery
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' Now there are o~ Justifications f, MOVe i that direegion e c:i:crgscd
don’t include this percertie ofime ¢ 4 ; tidal v e
CCreased prel Olume and | .
0ad (%Tapp OW Tespiratory rate stray
egy that

to appreciate. Analtern:tive justificar
i . ation w, Ci :
this idea back when we discussed making ch(:ll: be that the Strategy d:mcepsest, “:Jm find tha this mates it asy
€5 10 address m; ead space '8 vy,
inute 8 ¢ talked about

space gets introduced with cach by, i

e ) cath given vol
overall. " Another rationale wouig e il » SO fewer breatg (with Ume needs and the idea is that dead
approach decreases average pressure jp ¢an Airway Pressyre Th'm;:‘».e volume each) means less dead spa

. s - . : i .
(i.c. using the bare minimum neegq 0 the system, especially wh?.nswlgh tidal volume, Jow respiratory r::ccc
€ consider lowerin
2 PEEP towards zero

. . ary t0 mainta;
tively imy i aintain i
negatively impact Oxygenation, we may be able 1, ‘;’;iifnanon). While lowering mean airwa
eract that with it y pressure could
er FiO: to meet our
2 goals. The

point here is that there are multiple justificati
two are deferred until the Appendii stifications for thig Strategy; one has by
. 3 en spelled out here and th
e other

One last thing about thjs strategy

respiralory

i .
Clrease tidal volyme first, then

r Using a hi

sustained for the entirety of transport or patient intera ti
ction,

-—

'*5 Another advanta itrating ti
Ano ge of titrating tidal volume f;

B e oo me first and then rate is that it allows th i
by ot ng to come Up with more age-based recommendati c.sh'_cgy to be applicable to both adult and
18 Bauer, 2015 — ileplhe :el: pmt;esses simple and applicable across the boar];ns‘ e o et ot

' e ple a ble
i e Widhea Al cgy 1scussed in this podcast is slightly different than ours (and includes decreasing PEEP all thy

s ing all the way

187 i o back
We discussed this idea ow dead With ¢ N ratory rate an al volume
of h i ry
i dea Space changes ith omparable titrations to respirat tidal volume bac!
Il d tid K 1
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| rac 2 inspire
(ers of water; FiO: — fraction of nspired
sentimelens
0 centy

OXygen;
litey

peram: L
ke kitog

“ime at deereased preload: emH
%TaDP - percentage of time at ‘ILIL.I:ir::“ r:n\[‘ﬂ-""".‘ Sime: — decreased
¢ amo '
g atient we want to decre:)sesg:i minimum. To do lhlS, we dl‘()p
ize: in the hypotensive p cight-ba i
To summanzg in the );zing minute volume at our W Bh as we safely can ‘manage (in pressure contrg|
preload (%TaDP) while maintainin tidal volume as muc intain our minute volume goal. We also
inspiratory time to low of normal, l;;"g)“:n 4 then decrease rate to mal
i i -25cmH20),
this may mean starting at 20

faci itated b PEEP) is important in

! 1,gena ion acilital Yy t
gh PEEP while ;ecogniling A ‘! (

want to be cautious of hi;

hESe
d sweet manner of things: When
< e in the short ai
ith tial low perfusion states. Said gne more time !
patients with potential lo

rate (to maintain minye
: : dal volume, drop
inspi ncrease tida
ilati i ient, drop inspiratg
ventilating the hypotensive patient, o]
volume goal), and keep PEEP to a minimum.
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MV - minute volume; O - oxyye Paco, I Where Medicqp Vent Management Guide
RR - respiratory rate SIMy .y 1l pressyre ur‘uuc“_.“ "

M zeq ""“"mlllcm by arboy dioxide o

ory “Mtilation. 1y
Acidosis

Wdal volume
e v b ?
7w

ol
0TS can impgg,

Synchig

power of hydrogen

We mentioned already that certgip fact B
ose things: More acid ““)‘1 *ower pH meang g OXygen is he‘l:;n lo glol?m’s affinity for oxygen and pH is one of
e blood (.. hemoglobi ¢ #HTnity for oxygen iy decreased), 7y, - EY bY hemoglabin as it moves through
¢ where it is needed " While we can incregge the - This mak
the blood, getting it fror: that dissoly,
int0

fissues

s es it more difficult 1o get oxygen to the
ed state o he hem:"lt ‘;f OXYEEN 1o the alveoli and expect it to diffuse
et it loaded onto ‘hen‘. Blobit Tt may offload carly before z:ttil: l:dﬁs anorallenge. And hen when we
To iummarizc these ideas st fewm; g
0

= the tissues where we i
R ntended
ore, hgre s how we Would draw j

itto go.
tall out:1%
v 2enation in acidosig
02 -—/-\_—-
0,-., o
\ e 3N
\ T+ Hgh - : :
i b
i 4 ‘
| o0
/

this part is mostly

Vvasoconstriction of the pul
unaffected capillaries, results in alveolar dead space

globin’s d d affinity means less
oxygen for the tissues; peripheral vasodilation can
€ad towards-a distributive shock state

".:)— T
While we still do all the things we already know how to do in regard to On'genaﬁon,_the focus of the

idosis strategy we outline here is to work towards correcting these shifts so that oxygen delivery renu"ns. to
B I The primary mechanism is to increase Minute Volume in an effort to blow off more carbon dioxide.
nm:m:e-‘ s offset the impact of acidosis to some degree. Failing to do so will exacerbate the problem and
L‘Trssen gxygen delivery with potentially catastrophic consequences.
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— aby ;",IH‘ (o, Yo !

i i i I d also covers some basic
i i vi is concept of a right shift an
3 1 ¢ first is a video that reviews U
188 Hasudungan, 2018; Smith, 2014 h h

d . .
physiology we discussed before; the second 15 a qmck video to review acid-base analysis (and for more resources on this, look forwa
to the section Patient Already on the Vent)

um; nger, — Reler back to this artici T View ypox monary Vasoconstriction
Lumb i B 1 fe thi icle for a review of Hypoy ic Pulmen
189 &S 2015-R back it

FRE
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fe, Hgh  hemogloly
1 carbon Jdiontd . :
o, cndtid pig - millimeters of merg
] o mmibg y
<l LLC ure: B (o ) ailhliers m -\
Ryke" Mgd'm : ;\|\unh‘l? v pin m\uul:. o . |
» e . .
PEEP minnse |m\|n‘1 ]1 cram b fitera ™ . diab tic ketoac1dos1s brgathmg A
e - jent 1N ient, and then s
- ere 18 a pati? 4 intubatcs the patient, ets the vep,

on. ke

o ;
H e cxample her¢ jyzesan€ ! nereased respiratory rate, but thag p
To expand mlsﬂng g crew €M aio: rapensaing uickly decompensates, Crashes, and sygy,
Respiratory Rate of 0 ad bee? resulty atet? enation as it relates to acidosis, byt ¢
ata “nomal” rate of ” away suddenty A ewed the 62 of ‘jynamic 1850¢S such as decreased cargiy,
compensation €65 B G e 0y e canlead © hem? dilation.” Given all of this, e neqg
Jess thanideal 0V aC02 stemic V3 i effects and to ensure oxygen
othr factor here 18 e amine "y ese modyn®
espo top
ntractility Jessencd et t to be, let’s stari wi
:rateg}' that mainains 1 Lr minute volume goa! P“Ehﬂlat goal, we mL‘::f f\::t hdﬁ
delivery to the SsUes: - oint exactly what 0 in” T achieV! . E;CO -y ed to
‘While a bit ¢ f‘“l; jent: 200mVKE L. olume and g,i3°The eason ot O
inimum goal double 12 SO0 to inc jratory Tete- i o this i hay
increase both rate nd Tid? volume fIf the acidosis situation, however, the palient jg like)
- ally start by chang™ jation. I . a)/ke) and see what kind
range W¢ typially 4ds in dead PAce o= | tidal volume (i.c. SmVKE of rate
; i . a -
adding a breath a0 scsx Jet's ustuse a ig1 noﬂ:l of 200mb/kg/m
gy breathmtg tgafl;s ;ncreased minute volume £°
we'd need 10 £C i
MV goal = Zgomwg/mlzskg
by ¥ MV goal = 200m oL
A\ W1V gosl = 13000mV/0Y
Yo g M b MV goal = 13/
W
"\\/‘\ }Il’& V= Sml[kg X 65kg
¥"J{ Tv = 520m1
MV goal = TV xRR
131 = 520ml X RR
13L/520ml =RR
25=RR

190 Weingart, 2009 — And while we don't focus on \he intubation process in this manual, look to this throwback episode of EMCritfo
eingar, 2009 -

idi i here
ile si |y avoiding the problems We discuss herc . - .
.aels?;fr, ;"f:::dl: (213 lst?—w “];t‘xl: ﬁg};a?::;seg how oxygen delivery is affected by acid-base imbalances, but also goes into detail

i , that we mention here .
about the consequences of an increased PaCO: thi B - sadeomosborBi

192 Wei 2010 — Our suggestion vaguely bles the one rect d here ; ° op oxide.
from ilg i:?o that's with a fgming minguu1e volume of 120ml/kg/min); that sald,‘thls ZOOmL’kg{mm fi jgure is a minimum starting point
and we may n'“d {o take it further than that — the idea is that we initiate ventilation (o prevent immediate deterioration and then go

from there to work lowards goals (as outlined later in this section) ) _ ) .
193 Deciding which parameter to change (tidal volume versus respiratory rate) o alter minute volume was discussed in Ventilation
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MY nute volume: Oz oxygen: PaCOy - pagyy

Press
RR - respiratory rate: SINEY Pressure of anenial carhop

sy : . ; .
yichionized intermyijep i doxide; pH - power of hydrogen
alory

ventilation, TV - ndal volum
; hat a tidal volume at 8
This means t ml/kg and a Tespirato
: : i Ty rate i /l C
corctica[ e volume o f‘ 200mi/k .g/mm. I B non] el of about twice normal will get us the
th ly and create a siatc of respir, » this would drive our EtCO; down

; atory alkalosi .
. ificant _ ry alkalosis, but w : .
S'gm.s what we want. Now we just need to figure out how toc,:zld already that this compensatory respiratory

te 1 soned in ; asure or i e Ipi
, entioned i 2 foot quantify to what extent we are helping
the paﬂ‘:‘:'a ‘3’;}:‘ more ¢ in hown\{:lt: ggaft‘rt:r:‘ls tfl‘-!lgme El-t-]hlc 200m|/kg/ min Onc)fsi(s just a starting point, we then
0 ere. : X ’
peed! in order of least .7act to more exact, ere are a few strategies and we’ll talk about them

wise : '
e First thing We cav

5 to match ou;
. rrate on the vent to the rate at which the patient was breathing
pefore We took that resp

ary (.‘ffort away. This assumes thal [he pﬂl‘clll was COﬂlPﬂlsal ng ]
A . — ! ; i t i\ ,]: us a
" ﬂd End '.hat WC ! nc ones lnmbat ing | y’ F y : e
lng or fak"]g that airwa B:Wa . And While this gl 5

aﬂtlmn;:ni?;lrrlzr\:;;r i f-;lr;l;é;ilsg:?: :”ﬂ’a"nzthmg. We can match the patient’s effort with our settings
hen {i o € can do gasses en route, w i
e PrOGICSS 20r the way. | = lor oo L o ¢ can always start this strategy and

-

Another strategy i lo measure the patient’s EtCO, prion"fm’ﬁldfn_g‘flie" zirway. We can do this via a side-
stream nasal ?anu’la device or by using an in-line EtCO; device with non-invasive ventilation.* We can then
atch the patient's respicatory rate (as above) or set the rate to twice normal and then adjust to this EXCO; that
ihe patient was at before we messed with things. Again, this strategy is similar to the above strategy in hatit
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:

then €V

PaCO,=(1.5x HCO3)+8+2

The formu.la is designed to measure the respiratory component with a known metabolic acidosis (i-e.
measured ?aCOZ is compare?g loa calculated PaCO: to determine if the patient is compensating adequately or if
» mixed disorder is present), ™ but we can modify its use in the transport setting to guide our titration of EXCO2

ot 19 p: | _ )
(yinTIN, volume)."™ This strategy is of use if we are taking over care of an acidotic patient who is already
on the ventilator:

EtCOz should be < (1.5 x HCOy) + 8

194 i — )
Weingart, 2009 — We referenced this podcast already on the previous page, but take a look for a step-by-step discussion of this

strategy for intubating the acidotic patient while maintaini i i ; ; S
pressute ventilation ntaining minute volume in the preoxygenation phase with non-invasive positive-

195 i ins Wi
Foster & Grasso, 2014 — Short video to explains Winter’s Formula and its normal use in a clinical setting

196 . igeries it
Lodeserto, 2018 — See Part 3 of this series, it gives another perspective on how to manage the vented patient with concurrent

(severe) metabolic acidosis; part of that discussion is i
I 3 another formula by which we can quantify a desi i { iev
PaCO; goal — we’ve left that part out here, but it is worth taking a look ! By desred mini velume o acheve &

g
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end-tidal carbon dhonide; |‘l|_vl

n”'r'l\‘l\m_
malhhers mmHg/ millimete

E(CO:

CSSure:
minute; ml

E v + end-eapiratory Pr
AutoPEEP - intrinsic posinve end-exp Al

01 mere
) U
Jiter: min / iry
HCOy - bicarbonate 1on; kg — kilogram; I .

/ b
rrelates with PaCO: fatz W‘S,L‘Wilh EtCO, g,

A few notes about al of this: EtCOz generally C(i anatomic dead space and Will increase iy, y
OMRREAAE: T normal:; iﬁerel)me'l‘l;ac:us:ig even with more deadds?ace?(ZIay, EtCo, g
iti i ead space)- : is modified formufa, adjust m:
;i:(ggf:r::;]:i:g:: ?: Zt(;;’?sl: ;:l::“ al ﬂ:Je same ate” 112 liisz;hll—;cntl)(;' from labs, we stijll :1:; :ute ¥Olury,
to that goal, and get our EtCO: right at the calculated valu® bi:eat’s why we wrote it out as we did \ViI; - o shy
of our minute VOlgUme goal. Just keep that in mind and kno® the modified Winter’s Formula ag , e
“4+” and with the “<.” Ifit helps, think of this value we get from ny
i IOy r'hf)' patient w“h memtl:ld;éggf; be from either the. metabolic p‘a;;nel orarterial biggg as
Ot motS POt 1 ke l]};a: kneow that there are varying opinions on that. " Regardless o SOUrce

o R o . e s e s
vzx:t:;i;isﬁ;lsy l"bm“ed’ the less applicable that va:l:getr:‘?‘:j ;(;itoredcata exists on prc-inrtlub:ti?;' " that e
mos? " thar‘l " iei:nhb(’::rs:::;sm:lf:lse less clear. We cou}d still aim for that mi,“m * Volume
resplm}tgl(-)yoratvckm E'tch:é t1l:seeSt]h“:lWimer’s Formula approach, especially in ce‘:;cs wherc1 the patier's
izstifation ::is ng(;t:nbl:en maintained at these goals since labs were "::T;T:"c anil T::l:aig ;:’;:\"L decr,
sedation to allow the patient to better express a need for more mmt}mtin pros—"c S 50
Wecould even make i asie fo medpatiﬁmftfh::eg gsga:;ia: s;c:jgyc:;nar: tr5 to match the patient’.s (Cpiatory -

ing i ome, we can do all o . i "
and EtC%zzzrﬁ:;sﬂ;i before intervention, then comr_!m Po\‘.h mm;lte Xc;l;ﬂ?fe“t; ::]:n?z:l&tlaot:jsrﬁ?} UM gog)
of 200ml/kg/min and EtCO; to a goal derived from Wmte]j s Formula. I£ that isn’t 4xing the
airway and intubating, the Winter’s Formula approach is likely the be?t 5“:;’5” o tr; "tT;lrolJllOn.
however, we may be z;ble to let the patient guide ueaunentpy decreasmlgdsze at:)“;leasure gagsesrcs ciShOlds and
allowing the patient to take the lead. The only next best thing ‘here W‘:I‘: G oaca TSI 18 el drout? 0 see
how the patient is responding to treatment, but most of us don’t have that cap: we’ll

withhold a discussion of it here.

Pper

oAy
blectivey

i i i ioxide monitoring in general
197 Siobal, 2016 — And look here for more information on carbon dioxi ener: ) N
198 Nl:rg?s & friends, 2015 — This is because in the metabolic panel it is a mcasyred quantity, in Fhe arterial blood gas it is ce{lculated
and there can be sur;'ne discrepancy between the two values; all that said, there is strong correlation between the two and it likely
doesn’t much matter in the majority of cases; and while this particular study was looking at l‘he totally um-]:laled 1dela of cost- .
effectiveness related to blood gas analyzers in the developing world, the findings on correlation between the two values are still
worthwhile
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Ol ane,
. ed Mierpy, nd “"‘-m,-!m-_ul. pH
One more thing to mentiop in Hatory yepyy) ‘

regard o

. e MM TV gy
- ent, Assist Contr , Modeg: il valume
acidotic P2t I -nirel may be th o, for becas € are shoy;
g nchronlzcd ntermiticn: Yinndatg entilagj atientg f-hcy oling for 5 high minute Polimsiaiis
i re Supn: s ion are trigpers
,'ncreaSH;f Pf‘i*:s:ﬁnmep‘ K50 tl;at Patient-triggereq " Patient pa spomgf:ﬂg breaths. If we do go
i 0] Fontie us | I
avoid aﬁdalg’olume 2oal) 1% \' lg};e were fi llowmg th h machine-dclivcred :;Tcor; mdb{;mht‘ i
& 1 cithey s (and this w
b::’i:;sed by effort to tviu: o: inore brre:;::' t: idea js 1o Match the v Strategy of pressure Suppon] :,:;23:3
[2 L : ent’ P s
pot an issuc. We definiic! L wap to get i;al Y5, monitor airway Prlcs heed for more minute volume as
of AutoPEEP and the cycl. ., off of breaths dye ":OSItuat,?n Where minyge vosls:: S:: e that AUGPEEP i
We went on abil [ langen here, by Ievsour igh-pressyre alarm 200 © rops due to the development
tidal volume goal high « s geth:

ack to our y
double normal for paticy:

paseline prior to interves oy, o
maintain minute volume :

1% We talked about this idca that pressure support breaths are often smaller than the time-triggered or mandatory ones way back in the
section on Synchronized Intermittent Mandatory Ventilation; also review Assist Cantrol mode

0 We discussed this idea of dropping minute volume due to AutoPEEP and the high-pressure limit back already, but will do so again
when we get to Alarms
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h\trc“-\)“‘“‘““t‘ ". pon dioxide; FiO: fraction of mspire S8
4xd~ four-hy-four dressing; ARDS - 320 i EtCO: cnd-tidal carbe ey
- ‘ JEsR _ contimeters of waters £
CO:z - carbon dioxide; emH:0 - cen

Lung Injury

gy i
An : - ick lung strategy, alg (

tra t is the injured or sick lur il

; in vent managemen S Ay
other fnuch-dxscusse'g:‘ i;efor patients that have.lungs ?fanrtl S tl-kjmkn}l

s lung-pmeiwe appmalltc,h\;ve u;: Jess volume per bred in an efiol Qﬁ
barotrauma and, as a resu

to
ith an elevated Et 02. Another co
R tory Rate to maintain Minute Volume Of be OK w1 EtC .
increase Respiratory Ra

' . y P e
which helps via a few d nt
th rmal Positive End-Expiratory Pressure, W P ifferen
of this strategy is higher than no

in discussing the pathophys;
We'll start by reviewing the concept of acute lung u:;]:\l;z’ ::r?t . g the pathophysiology o
mechanisms. We’ll start by g . ifics @ .
acute respiratory distress syndrome, then we 11 get into spec s that inhibit normal pulmonary pes

ogle: . .

Acute lung injury (ALI) refers 19 ai:ugxl;irr;)(fg:,ﬁﬁleeiing from a traumatic .ul?ury, inhalation of 1,
exchange. 2! Specific causes include seps ~is a concept that lives on 3 spectrum with acute respiratory distregg
or smoke, and aspirati.on. Acute lung 1?:31 dpoint. While acute lung injury, as a term, may al:o be ﬂescribed
syusotne (KRDSy bty e mo;trsle\_/:g pathophysiology is the same. The main c::rnnl;;n'::: (: ﬂ : ' t“S;ase
oo %ﬁ:ﬁzﬁﬂ:etﬁlzci;\rm:ngnc:piﬂ]m walls become permeable 0 stuff that is n Y sequestd in gy,
process i

blood:

the results:

fluid also shifts (due to increased osmotic
pressure inside the alveoli), resulting in

pulmonary edema
presence of thesc large molecules results
increased permeability of ’ ~\ in an inflammatory response ':hn further
capillary and alveolar / A Y damages the alveoli
walls leads to movement 14 \ ‘
of large molecules into the ] dscreased oxygenation _) .
alveolar space hypoxic pulmonary vasoconstriction >
pulmonary hypertension
— — .
—_————~ ’—:____ - riction related
normal ——g T TTTTNN -

e } to hypoxic pulmonary

~ s
blood flow e —_—— (AN 'vasoconstriction

-’ -
e . g —
N -
\‘~-_——/
—-—

201 Ragaller & Richter, 2010 — Not only do they provide an overview of the acute lung injury/ ARDS disease process, they also discuss
this whole vent strategy and summarize research to date (at least as 0f 2010)
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Y presg
1da) Volumg

T acute lyng ;n.:
‘v:\uufy for our field t,eaﬁ_;“]":"y apd! orA

Millimeye,
¢y, IS 0f
EXPiratgy it “‘;‘{f,\‘[::" ”|-,|r",“h volume: OK alright
: oy rate; § N
There are quantitative criterig f, pO:
defin® it), .l;ut tthff;t ;slr)latt neoe h
ily identt 152 who needs thi - Given
Fnﬁ;::l zro gression of thc ifincss Thctr‘:: Venll Strategy fr, r::;:apabllmcs in
clm » ST e , Te also Per sendi - =
who don’t fit any other ¢o.ugory 22 g g.o sense w:rly eCOMMendsigng 1o us:: ug,hf.ac’!"y or suspicion based on
T Wat : .
pere 85 3 general stratcpsy. We'll come bacy ¢, thati Ould think of g, lung injy 'S strategy for all patients
b ils. Aswe noted =t the start, thig lung injy, 1€ at the eng of g: Jury approach as we outline it

¢ . IS section, s
“ep anda focus on recuitment, Leps disous, Ty Strategy includes | , but for now let’s move on to

pulse oximetr

S (depending on how we choose 10

the transport setting, we

Ry : ¢ach of thes ow Tidl' Volume, higher than normal
Sw?::iltlfa!n s TS Shold be g o S SOmE s e
4mUkg eve e commendation is from 4 classic ARDSNeal Body Weight, but we may get as low at
gmi/kg to 12mUKe an® cctcrmined that ower figg volume resuireq o 1. “1ich compared a tidal volume of

While it may seezl g}m Ui:?l/kg and 12ml/kg Tepresent two extreltned - s for these patients.
g or 10mU/kg probably 't all that bad, we do knoy that 6my/k 5 2nd it could be tempting to rationalize that
point 204 215 OK and the rest is stij| up to debate at this

202

And in the casc of two-strategy recommendations, it is either this lung injury approach or an Obstruction strategy that make up the
choices

3 The ARDS Network, 2000 - Much of the data we have on contemporary vent management comes from this group of researchers
and subsequent investigations by other folks based on their research

204 Sahetya & friends, 2017; Burrell, 2018 — And for a more detailed discussion of this, take a look at this article (summanzes different

arguments for why tidal volume ought to be tightly controlled in ARDS) and that review of another paper (which sought to investigate
this idea of using a tidal volume in that middle area between 6ml/kg and 12mlkg)
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p FinsIc POSIIVE engl-expir:
utoPEEP — intnnsic CXPIral oy

oss syndrome carbon dioxide; Fi0: — fractiof of inspiyeg
i /

o FeSPITE listre )
4x4 - four-by-four dressing; ARDS - acute respiratory ‘I EtCO: end-tidal
CO: - carbon dioxide; emH20 — centimeters OFwater: &

n PEEP to improve

) l‘lc“llh
ll\)gul] '

s
both Oxygenation and Ventilntim,
In addition to low tidal volume, w¢ 80 Up @ by increasing Alveolar Surface Ares, moving fly;q 01.1

previously discussed, PEEP facilitates oxygenﬂﬁotﬂ < expiratory-side of the breath cycle.”As for Ventilatiop

4 e Hati d better clearance

the alveoli,and facxh}ﬂ,g,gaﬁfdlange throBg: for less wasted ven onand b ; of carp,,
- > Dead Space allowing fo! 00 far can-a [ contribute tg n

PEP atully R o reduc Dead Spa o and that PEEP taken t een X degg

dioxide2™ Just know that this effect is lim th more time are less gy

oy changes Wi : €8 damgy;
space. Also recognize that when titrating PEEP, Smaue:ients n the time we spend with them durin g

! 8 trang 0
to the alveoli and we likely won’t be able to fix theses E:L o ter a short amount of time). And last thing, , p

< 5 ; ith increasing pres
(i.c. don’t get overly aggressive with incr

Onsig,

b harts below:2%® T

titrating PEEP alongside FiOz in a stepwise fahion a outlned i the

1321
A

o g0

-95%

Hg or Sp0, 88

L: Pa0, 55-80 mm

UJ &"G;mn‘::ﬁﬂpgng 5cm ’H;o. Consider use of incremental FiO;/PEEP
e a

oal.
combinations such as shown below (not required) to achieve g

Lower PEEP/higher Fi02
Fi0 03 |04 |04
PEEP |5 |5 |8

7 o7
5 |05 |06 |0
: 10 |10 |12

Higher PEEP/lower Fi02 E- 04 104 |05
o, [o3 103 o T T Lis Lus

Fio, |05 0508 [08 [09 |
(20 2 |2 |

205 Robertson, 2015; Murias & friends, 2014 — PEEP can help reduce dead space, but only up to a certain point; after that PEEP

i to the problem . .
?&t;agié?%;e;?t:r:d? 2002 (image); NHLBI ARDS Network, 2004 — The study cited shows that glther of those.twn approaches
is appropriate; in fact, they modified the study in process to test even higher PEEP — we’ve left that ou.t Jjust tvo keep things a lm!e
simpler, but also because there is ongoing debate as to whether or not PEEP is the best strategy by which to improve outcomes in
these patients
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,  kilogram; L hter: min

Minule; my mil] RJ”‘err .
- w6l Gilars litg, Me ’
1405- partial pressure of arterial oy, PEEp :‘(lll:lrl;\nun“g Milling, dical’s Veny Management Guide
L'm +iray pre “I“mmr'\' Wy Minute
Uda] g | OURe, RR ¢volume; OK - alreh
v Ume Tespiratory tale: SpO; - pulse )
Another really imposant component of ) 1= pulse oximetry:
] 7% ) . u - 3
oncept that we've talked byt some, but we); Ung injy, iy
o -inflate collapsc or underi 8etinto iy €Y is alveolgr recrui -
actively T Lo héerinflated glyeq: as more here, 207 cepar TECTUitment. This is a
o mponent of the acute [ur, njury/ARDS . Wi drew out i g mftmem' 1s the idea that we can
parotrauma and stress duc s repeitiye eXpansio, PTOCESS is thag ghe al mf-rev"’us discussion of PEEP. One
sing small volumes of a7 ith eaepy breath wen anq Collapse. Y slow] tl‘ g ol suscepibl t both
samage. PEEP allows us i nake thig haPp;n (.ma?(lm]ze Usable space \3 ﬂ-t.”mg the alveoli with air and then
ay have o sacrifice net 1 vement of air per ot Maintajng recmifl’nu:t L;: the ]Ungs and avoid causing
fventilation to maxirniz> *¥genation) 2 permissiye hyp capnic appy °Ugh‘ this process) and in turn we
OFYE A few things abou | " oy b e we sacrifice some degree
e ete ox: oy © g Ynl drewr?
perfusion (V/Q) mismach: o VBenatiop i the pRpyg patient is often du:: to ventilation/
. . v
{mprove oxygenation are Fraction of Inspi Wep Hlang

> red Oxygen pogirs Teviously said that our parameters to
Time. Even if we have all of these things optimized,g w; osmv.e End'E’Pi“lﬂry Pressure, and Inspiratory
just part of the disease process. Further i S8l be short of our oxygengrion goals and that’s
Gic. bcinggn@m, minimizing dead spa i

ies described with a compo

may go contrary t.o our gxterall goals. There are varying opinio crcapni‘a, that idea is
sending or receiving facilities if specific quest; pinions on this, how

While we often hear
qQuestioned by some and
ever, so initiate a dialogue with
ment of these patients becomes an issue.

have alveglj
goback to a baseline, de ;

flated state. Ina normal lun,
tate. g there are forces
loss and we can also re-recruit alveoli on the order of seconds to
eal for s to be worried about losing
EEP, and we are back where we want to be with

however, it c4n take hours 1o recruit alveoli. If we lose

progress towards better OXxygenation and ventilation, and our

nent of permissiye hyp.

that maintain recruitment to prevent this
his means that for the normal

ent with these patients, we lose al] of that
patient/can deteriorate very quickly.

1/

v |
[irk Yl el 7 faidtr
YA }7 Nice Aot @ B0s s §77

/«)n‘-rv ‘\:S”’)S oo
=7 d"s‘ :_o"ﬂ" v

27 And then we will talk about recruitment again when we get to Recruitment Maneuvers

%% Radermacher & friends, 2017 — This paper goes into lots of detail on how the gas exchange process is affected in ARDS and how
treatments have changed over time as new evidence emerges

™ To review these ideas: we talked about both the time factor and how alveolar dead space can be caused by ventilation/ perfusion
(V/Q) mismatch in Hypoxic Pulmonary Vasoconstriction; we discussed Dead Space previously in that section and then again just a
moment ago when we mentioned that PEEP can help to reduce dead space
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‘ PEEP - intnnsic posttive end-expy Ao
. . sopiratory distress syndiome: A(HE 1 wide; FiO: — [raction ul'nt g ’”N“'“
4x4 - Tour-by-four dressing; ARDS - acule h.\]\ll-ll.l\«\ {u‘r E(CO: - end-udal carbon dig 5 2 Spired Ovyagy
CO;z - carbon dioxide: emH20 — centimeters o watety
rem that extends from the vent to the patiengs alvegy;
1

5 v S o
i in mind, it is important to keep the s¥ we transfer the patient fr
intact at\ZIIItl:i::.ts m\;fnhen we do hzve to break the system, such as when P om our

s s i lampi
machine to the hospital’s machine or vice versa, we can mamta?n ;ecrlﬂlm;]gg;y c\:]r‘lrlllp;?tg tﬁ:i::? endo{rach
tube. The point is ro prevent pressure at the alveoli from drol’;’;nai ::zr‘;‘,orm thé swap, just to be ls(;‘lcl
matter at which point in the respiratory cycle we clamp the t cushion of safety if we leak some
this clamping of the tube during inspiration. That way, W¢ bavea 4

the process. And here is what the technique looks like:

cal
Y d()esh’l

let’s do
Ir out in

\ fore disconnecting

endotracheal tube with hemwe
cI(aril;iixider using a 4x4to pad things'so that the teeth on the

n't damage the tube)

pudeh  Jlonlsivysloc

Last thing to mention with this lung injury strategy is minute volu.me. 'We mentioned .already that we
start at a tidal volume of 6ml/kg and may need to go down to 4ml/kg-. With higher PEEP We Increase overy)|
airway pressures and therefore that 6ml/kg tidal volume on top of a higher PEEP (up to 20h_1n some cases)
means we might run into a high Plateau Pressure. If we notice plateau pressure encroaching On our safe i,
of 30cmH,0, then we can dial the tidal volume down to Sml/kg and then to 4F11ng (oy if we are in pressyre
control we can just go up on,PEEP and look at exhaled tidal volumf:). Drop;!mg our tidal volume.: to 4ml/kg iy
reduce minute volume and/ncrease EtCOs, but let’s quantify that difference in minute volume with an asgymeg

patient of 65kg ideal body weight:

hemo

;)/a e MV goal =6.5L

A L

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

MV calculated = TV x RR
MYV calculated = 260ml x 17/min
MV calculated = 4420ml
MV calculated ~ 4.4L
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kilogram; L liter; min inule; Ry
‘ artial pressare ol arteral ! Milhliey. err Medicqp
pa02 partial pressure ofarterial oxy ey, PEgp Ml milfipy cal’s Vent Management Guide

Ity
EM-cxpirgggry O Mercury, vy

POSiiye

. fyn
Preys,

hig .nl\('lnml- e RR ¥

olume, Ok
SpO: - pal

s Inght
Sprratary gy

And to maintain cuw

My
1 gual, le'. S see Wha! kmd of RR Wwe w, 1
ould n

So to maintain o
for the adult patient. Wit ¢
as we can to meet (or exce:
or using the hlgh end 01'7;‘;,‘7]13] for a glv
will be comfort and exhulation (i.e. mop
justa moment ago, there s ¢
minute volume) is alright for these Jupg i

To put it all togcther: lung injury represe
the alveolar and capillary walls; this results in increaseq :
into the alveolar space, and further damage frop gy ; neﬂ Permeability,
tidal volume starting at 6mi/kg (down to 4ml/kg if ne.edtl
recruitment of alveoli and displace fluid, Mmaintenance o"-
deterioration, and an increase in rate 10 maintain minute
permissive hypercapnia).

And one last thing to mention aboy; this o s
recommend a two-strategy approach to Vemilatis:?;ea'ic;v: :;:;i e)g;th : m[Elet ago that lots of folks
abstuetion soprosch, We }!ave @ general vent strategy for roytine ventil;ti , lur:lg JUry appcdach or.an
certain 'patleﬂl types. .Thc dlf.fe.rences between our general strategy (which ?: o 'llhen specific strategies for
protective one) and this lung injury strategy is rejated (g recruitment of alveol's“nl ;: oAgeenilog.
Supet careful to not lose it) and the idea that we may need to go down on tidall (b;) o i e
things are totally OK in the normal patient that we venti ing the general s‘tl:;::mg; t::::::lganﬁ'o:l Ofnmescf

) matter o

emphasis. If it makes things casier to default to this lung inj ;
the others, that’s completely acceptable, Ung Ijury strategy in all cases that don't warrant one of

11 age range, or jygy ;. :
itor for A“tOI;EEJ;m ltrate up from

y impacts the integrity of
e movement of large molecules and fluid
Dioacy ponse. Vent strategy is focused on low
e 'd barotrauma, high PEEP ¢q both maintain
TeCruitment at aJ] transfers in order to avoid rapid
volume (Possibly with a concurrent strategy of

Q[ Yl){

?'% A few notes on this: we talked about this overshooting of minute volumc/ﬁn the section on Volume Control and will do so again in
the Appendix, also, the likelihood of transporting a pediatric patient with ARDS is slim and low-frequency, so ask for help and/ or
consult with a specialist on this

! Just to clarify: the idea here is that
benefit

permissive hypercapnia is tolerable for the lung injury patients, not that it provides an extra
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ers ol waters ELCO2 — end-tidal carbyy droy g,
centimele

case; emH:z0
COPD - chronic obstructive putmonary disease; em H
4 t
3 : 6™y "
Other Potential Strategies 6& 5 1"\’
(e P e 7

four markedly different situations that we often come acrosg iy
four
f vent strategies addresses

>

y the
ight also warrant specific adjusi,,
ThigTy o : rocesses that migh : : Nt 4
i i or disease P! : the possible things ang
e e a;:ht?;.her l?:ﬁfismeoretically compile @f all thep ork o
the normal Hispof seffings. While we

. N
ould result in a hefty Protocoy ¢
h one in turn, that gets a little cumbersome and wi %
algorithm to address each on ,

o ¢ essence. The idea is to work towards ay,

might be difficult to navigate through ‘;Ihzdn;; ;‘Sthfs;m does its thing so]';h?t'l‘;?t: ;":} :ﬁli(;nc}a]i‘zgj;: and
understanding ofhow the b?dy feSPO‘;;‘ adjustment away from "_ormaL fullg)wing situations ' —Xamplcs
a’%ﬁCipate t.he rvesults - COTefc:jetai)ll as we did just now, consider the ;oose o anAF,tCl .
Withont going fnly the same level of umatic brain injury, we often o ily h e ot

In the patient with a head injury or ":ar d patient.?'> While we don’t necessarily ngwenf! ate thege
ormal T-yhat we'd typically use for a st‘;m;/olume to a tighter ECO2 goal of '35-‘f0mm 8t ty Boing "Pon
patientg anymore, we could adjust R;I;nﬂ iratory Rate. Carrying on with this idca: :avefwgl;l bO lSImul'ﬂ-fncously
cither Tidal Volume (pmfeqqd ) b ﬂfes l:ffects of too much oxygen. Wc also want r;" in o fo a;f-wi:wIWeen
oK EV:D: tan:vz;:inilrllr::lrzses in intracranial pressure and being S/bll; tzaize;!i'l:g s P-;:» smentg ¢

intaini ort to A A an t

::clit;:’:il:st;?‘?gress. All that said, consider using tighter paraan)]etC ol Oy g4 hiow -
e i ight utilize a Fraction of Inspired Oxygen (.7f 1.0 0% tq maxnnf-/_c OXYgCn

In the pregnant Patlent we mlgic:s don’t have the capability of fetal monitoring dll\;llng ltramf.)on, this g
delivery to the fetus. Since fn;ny szr; oxic injury or put any undue stress on the fetus. | 1e a scf» need tq
b cswe e fion t alve yc])Jal for the patient (which may mean ax;ftCOz goa ow‘ ;) nOll'ma.L
consider an increased minute volume 5 s we have a baby to consider as well.*'* Another consi c‘ra‘uon is
SR e 301_3 mgrﬁ:;ﬁzg‘am patient we not only have decreased preload due to POSItive-pregg,o
patient positioning. c

1E0tS mopg

v ce n cardiac output compoun y the inferior ven
i i ded by pressure of the fetus on
Hlati i tput comp
mmn, we could see that drop in ¢ a

iti displace the gravid uterus over to the side,

T g e o S eV

Significant chest trauma l'stha;llzmodyna;nics and want to use the HyPl'{teﬂSlo'n st{ategy. Those twyg are ¢
Dut we may also be e o vlvl lume and high respiratory rate for lung injury, high tidal volume and foy,
0dds with one another (low da V;Iun;)c we forgo the hypotensive strategy and c.h(.)ose. the lung injury one, by
respiratory rate for hypote'nslon)- re:zlors and ffiids‘and/ or blood products in angcxpatlm? that a hypotcnslwe
get aggressive ear‘ly. on with vasor:r ategy. Or mdybe we go with a strategy more in line ;mth the h}"poten.slw
e e (;’ur Sit've %d—Ex iratory Pressure and leave Fl_oz &t 100%. There is no right or
strateg}}'l, iy St;?t ‘g:plrl::i:’zrlo? (smlhow the pafient presents in that particular situation and what resources we
wrong here an /

have to work with. W iy 2o 9

2 yeledg

212 Godo & frie 71—~ Vel of vt nagement i i in inj ry wi vi research that has
y i i i t in traumatic brain injury with a review 0
! d fri nds, 201 Detailed overview f ennlalory manag
been done to date

areview of strategies to
3 Refer back to Oxygenation for a discussion of the negative effects of oxygen and then to Comfort for a r
work towards ventilator synchrony

i ient i ted in a video by
2" Wingficld, 2012a; LoMauro & Aliverti, 2015 - The idea of a lower EtCO; goal with the pregnant patient is suggested in a v Y
the ﬁrslgguy; ’lhe phy’siology behind it is discussed in an article by the other two

0]
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v e

Fi0: fraction of inspired oy, vy mmig
‘il

Ryke,
F Mor:
"Milimerery — Medicqps, Vent

Managemen; Guide
‘ gk ppyy,
On a tangent to this cheg trauma jqe,. ifa pay; " PEE PN end-cxprratary pressare
10 tuke the e fent | ;

. we can do may be Patient ps
[ c‘;vff the vent and dor . tany, atall f ftht(];le YenLTs Ny take th - PheUmothoray ep route, the best
them™ a pneumothorax « Huickly and v, : at prob e ot and bag them, bu take
tenslon.th neumothorax - 504 by acut entio ay Making thinee omztwc_messm o aation can
issue Wi phile vented wil. 4 nncumothe tralfma and it jgpey o o ore, .]6 e tis is more of an
condition W! g L - 10Tax in the 0spita], ; 10 see patiens ina relatively staple
frer it has Started (0 tenzicy. nng hyy jo 2 tre Igency o We will likety natice a pneumothorax
tane/ perform a finger it . o1opyy and thep th

€ vent, decompress (or place a chest
- vent. Because of this, we may

- That allows ys more time
ent desatumtes

. ! ' get the py

* sider kecping all paric. = With the Potentia] o, pne;

tco " o the pmc'edUr’f © “ Pheumothoray developg
A patient with cor: «estive heart fajjy e or puy,

id out of the )y, i e edema May warran;
movement of flu eoli.®!” 1y addition, pggp ighthefy e TORe PEE

P 10 facilitate the
and clearing of fluid f{:’f“ e pulmonary side ofcim’ﬁlii;,ﬁj T drop afterload o .
could mitigate the effectsyof an Hypoxic py)

ilitate both perfusion
e it may make Sense that a high FiQ,

eff 00Ky Vasgeonstri s Effed ;

isk to that strategy and treatment focused o e eetionfle in .

}r;eaﬂ failure."® Folks with chropjc obstruct,

; €3¢ patients, there is some
li)v:d:l?ll::te mm;te volume and pggp are preferred with congestive
! onary diseage ion tj
controlled due to the potential effects of oxygen 219 Weaguld evenn;:;uoeutihel i Eoud
strategy: some combo of lung injury pjys
It quickly becomes evident thy ther

¢ mings Acidosis, depends. Case for a specific toxic-exposure
to simplify vent strategies. Ang that’s totally Ok

on the agent ang route of exposure.
€ are a nump,

T of cases that dop'; quite fit the mold by which we try
€ templates are there as framy
One atatime, The

2" Flowers & friends, 2019 -~ Per Boyle’s Law (increase in volume with a decrease in pressure]
stable pneumothorax to elevation

%16 Wingfield, 2012b; Hsu & Sun, 2014 - Both of these sourc
discusses this idea of removing these patients from the vent j
algorithm for managing these patients

7 Perlman & friends, 2010 - While 5 plateau

), we can cause this tension by taking a

es discuss pneumothorax in the Mechanically ventilated patient; the first

mmediately, the second is an overview of the idea and outlines a simple
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centimeters of water; LPM = liters per Minyye

- emH:0
. condi ressure; ¢
AutoPEEP - intrinsic positive end-expiratory pre

Additional Concepts, Round One

o : are just a few more conce
Before we gt to putting these various Strategies W0 ac{:%ihteiﬁe to Jlook at them in a bit nfés e
We've touched on some of these in passing already, but let’s taxe

_ : t in a plan of action.
we are better prepared when it comes time to lay everything oU

Ver,

Triggers
Triggers are the thresholds by which the machine knows when a patient is trying to breathe his

A . or her
own. We first tried to communicate this idea via the following graphic:

- pressure +

[—\/ time

And then we footnoted the idea that that downward dip in pressure at the 5““'2 z%f;he waveforn jg More
sketch of convenience than an accurate representation of how things normalily ;)}clcur. . n mo‘i; :g.ws the
trigger that makes the machine recognize patient effort is based on flow rat etrh : an Ezec ll;re. 1 ile some
machines will allow us to use pressure triggers (normally arou.nd -1cmHz0), ls( :l‘;eastow ir:'xhonlg used.
Pressure triggers have been shown to be more difficult for patients to ow:’f:(;rrclieh e PositjveoE cs mod?l
ventilators). In addition, the pressure trigger is relative to w}?at we have diale [21 o : nd-Expirag,
Pressure. This means that in the event of AutoPEEP there is an extra threshold that must be overcome:

patient-triggered breath time-triggered breath

time-triggered breath

: '
£ [ /7 /

AutoPEEP develops same effort as before, but this one does

ffort meets pressure trigger threshold,
it i not meet the trigger threshold

brings pressure below *‘0cmH,0”

2% We first drew this waveform out when we were talking about Modes of Ventilation, specifically the section on Assist Control
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"¢ detai) S0

So pressure triggers are 5 thing ag We initia)
2 : . 13 y
metimes d0 USE PIESSUTC trigger jp o, of augg t,-,-dmw it out

: than patient effort “triggering (| L0t the
ings other than p  such ag b gering (j 05t common, (b
toth part we stick with flow tiggers 21 . UMpY roads jy, - W thing. We

hers per mmu

We see 1oq ]
y many trigpe e
. Ay el 0 Meagyre flo Ulance OF turbulence ; y 88! red breaths due
reaths inst which ;hachine uses CONCEpt oy oS ABainst a zer ceneg (. but for the
(he system agains i ch ChRazes are meagypeg “]:h called bigg 1o, ias ﬁo refetence (the pause berween
ally so g in o ine s, ! A :
gystem, there is actually OW going in, by ;¢ ets ne says th €5 ecline low ofair int
o of SLPM JUSL 10 5 1/ sy o Bets factoreq out. Lep €€ 15 10 flow going into the
Wit out with an assumed bias
svely
B
. w( ¥
pat\
bias flow m,
) - measured here at th,
i ] bias floy of SLpM & Wyeis the same 5L py as itt
| ,I waswhcnh]emhem:chju
l( Tealiing N
L may nine

since no difference exjg
and flow senseq

ts between flow in by the machine
the Wye, no breath js triggered

! Hess, 2005 — While we could utilize
(assuming an initial flow trigger),
altogether

2 Yartsev, 2019 - For an alternative ¢
look at this article

pressure triggers to mitigate worsening AuloPEEP with increased patient respiratory effort
we prefer to address the cause of discom/fort or meet the patient’s demands rather than ignoring it

xplanation of how this flow trigger works (plus much more detail on triggers in general), take a
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centimeters ol water; LP! SIS PCE e
AutoPEEP — intrinsic positive end-expiialory pressiie: L -
£ B ¢ e )
flo
oty ©
s
some bias flow measured here at the
?&{\etﬂ wye is different than it wag
oW when it left the machine
f
ias flow of SLPM
bias v

gets pulled into the patient
with the effort to breath, resulting in less flow out of the exhalation port

some of that flow from the machine (bias)

: i d flow sensed at the
if the difference between flow in by the machine and flow
e wye iscgreae ter than the set threshold, a breath is triggered

The machine does this bias flow thing because it makes it easier to measure patient effort, )iy flow -

either be set manually or adjusted automatically by the machine basefl on what wekl.lave Silt-, as the “.OW_
trigger.?* 1t’s not something we routinely consider in transport,, but if we are wor ‘:g th ; machmF: in hig
bias flow is manually controlled it’s worth knowing that we can’t hfave a trigger sct higher than our b'.as flow,
So if our machine has a bias flow of SLPM and we want a trigger higher than that, we would have to incregge
the bias flow. . . '

A normal flow trigger in the hospital setting is 1-2LPM. This value is also referred to as Sensitivity (j o
a sensitivity of 2LPM would indicatc a flow trigger of 2LPM). Forzgffereqce, the normal mean flow Produced
by a human at rest is about 1SLPM with a peak of about twice that. Whl.ch means we c.ould thcprellcally dial
our flow trigger much higher than the 1-2LPM that we normally use and Stl“. expect a patient to trigger breathg.
As we discussed previously, we titrate sensitivity to allow patient effort to trigger breaths, but also to Prevent
other miscellaneous input from accidentally causing triggers.

*# Chatburn & Mireles-Cabodevila, 2013 — For a brief discussion of bias flow, scroll down to The Operator Interface and then Fioy
within this chapter

24 Yartsev, 2019 - We cited this website on the last page, but he specifically outlines the norms for both in-hospital flow triggers and
flow produced by normal respiration which we cite here
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To expand on this iden, Jerg

| mmmmn Of w
Consider g, s

. ' - V- hiers per minuie
LG o e oo s CaUSing g e s KEy thg e o 8 VIBBETA, first hing is o
mpy roads or turbu ctght( “opecially with g, vent (;'tng.ger (i -U‘igngM g o, ll s well
jcking Of Stlepilllgsgjlva T :‘.h( it are compmgp, Cause, "fcmt ]ay'.ng On the ﬂooe:]zgl‘hlhm et
hings directly idental ‘,“; toblem wighgy changip ‘hum.m. 8. The pre e, e
alleviate the accidental irigscring o breaths, then v, € the sensitjy; iithe Preferred approach is 10 fix those

o of trigger (i.e. chang: ‘o 4 flow trigger € can Ncrease . "€ Machine, |f; however, we cannot

Thcgg:r Sf.:nsitiw{ity or consider a different
Py llw 1s to Simultaneously preven;
2 low as possible so that it is easier for

0a Pressure “‘iggcr)

‘ being accideninjly g
preaths from 1&gered and keep g o
J Tigger thregh

{he patient to meet the trigy

| 5 iggers are
wants to take breath. We most comm, threshols e

w triggers are bascd ., .
well, Flow trige PR *t¢ on and limited by piyg
hospital setting. uto-triggering happens When the
cffor‘; to breathe. Fixes to Auto-triggering ingjyge o

( sensitivity, or trialing a different type oftﬁgger_
, \ :

\

X r(?'l. K_,,“‘,,_’, L

low. A Sensitivity of 1-2Lp
_nj:gggr 1S inadverteny
1tigating the cause of

M is commonly used in a
¥ met by something other than patient
the inadvertent trigger, increasing the

oy vt 04§l
\Dw«f’h i N W o
ac foe g *
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r . PaCO: pmm? pressure ol artenal carbon llll\\lll\‘
% atony . 4 "
2 ovide: BE — mapiratory 10 expirile - \ §
EtCO: - end-tidal carbon diovid J “
OVe l)r‘ . ( %,
//,/ [ﬁ iy 5 3 ,“)Ul {
r eathing | l" ) g ],

pack in the section on Vent Parameters, Roup,
nedthing too fast and/ or in a way that goes Contry,
rear breathing faster than we’d like and, as , Tes
en

idea/! entio
Just to close the loop on one 'd‘?%"th:t w:tir:m e
One, let’s consider what to do if we think the p

i t, oyp
ilati welaveapst drop Minute Volume and get that Erc(y,
how we want to manage Ve?;lLaht:; ,S;Ye piratory Rate to drop Minute ack
EtCO; is low. Normally we’d decrease Ty

Sing thc p
S patlent-trlggered brea crea.

nsiaer (]

have to co! d ﬂrl >Se ths all(l t]le fact Ihat d

; on
. n increased rate of breathip is
d the overall rate. First thing to think about is ‘hggz (a5 we discussed in Aciges: S e
the vent won’t decrease .

p SiS), na:
reased Pa )  Paj
, 1 response to lots of things: decreased p}{ or mzhemia, etc.?® So before we label this n,
boc}y 's nomlm resp itants in the airways, ancmia, cardiac lSd to be done, consider that it may actya)| ¥ be ap
ﬂmdbm ﬂtlhe ungs’a;xn;nomaly and decide that something needs
overbreathing as
W tow .
i onse. Sech e v ume in a A )
approprg;e resl[:gen o/tz idea, if the concern is minute VZ:)mi der switching from Assist Contro] 1,
x ; lume or ; s ;

; imply decrease Tidal Vo ing minute volume down. It’s importay
TeSP‘mtor}: ra‘e'l “:‘- ca!:é::f }l\};andatory Ventilation to try and bl;l:gn I; tdal volume. Even thoug;, . tto
Syctitoutesa n' ertmvo]ume is the product of both resplm.toly ra lume, decreasing tidal volume j« o ag
remember that_ minu y te to address an excessive minute Vol ,.s the tHOE e i e
routmel.y modty respgatto‘?,\z don’t have an identifiable cause and r::-te ,-]t and Triggers, We talkc(‘y ‘1[reaf;“
appropriate strategy. But i any patient-triggered breaths are Comfo goal e i it e
gty toadiied 1550 ):)r?’t get into too much detail here. The ge_rtlh relucing dicon. iggereq

i S0 we Wi . either re ort,
:bout:]both (:}f ﬂ?eszel ‘(1:3 a:es’too many of them happening), we Ca-g ﬁfa;ht:gbg{:rs
reaths are the issue (i.e. iding acciden !

P ; i and/ or avoiding ” . i

manipulating the trigger tht;e.shotld :,t;eeli;bout this. We mentioned back in Basxcha:}i:{st 3:: Xz:l;llahﬂn that by,
i e thing to i Aati modes ave g

There s ong s t'latigon and intermittent mandatory Ve‘mlan?n e llow us to a proximate th,
s mechanfcal g lered breaths. We said then that some ventilators al Otion in thz case of‘ o

i t-tr1 s 3 0
mefi:m?is:] iforoi:'zt;ca[:ientgegffon to breathe) and theoretically that ;”Z;Scb:o?ntheppatiem o ——
modes (i. -18n That said, this strategy is likely to be very uncomfo My B Pt Sty e
over'bre;lhmg dati an,d maybe even paralysis to work. We generally do |
require heavy sedation

ide the patient,
fforts, rather we would prefepaoydo things to promote synchrony and work alongsi P
T

general sense and not necessarily

ituations and the patient is still breathing 190 fast
Back to our disc.ussi we’verx;urlte:n Zu; 2;:; fh:,ls; :;l;iniz S Fagt thing is .to S il
| comdeih Othucl(a’g:/e total of our set rate plus patient-triggered breaths) is, in fact, 5
e Yphatagpte ehCLtutll]ie atient is breathing fast, but with 1o 1d§nF1f-'ab['e negative outcome,
problem. It may be the gas?c t as e tr;l e Three Big Things and then decide if it’s still a problem that needs 1, be
f;::::;:dth?fp::ﬁ \;':V:a ?:‘: options: Positive End-Expiratory Pressure, increasing tidal volume, apd
paralytics.

i i art series on control of breathing, feel free to check out the
zs ; Alexander, 2016 — The first is one video of three part con ?
olh::: g?ﬁgxil;ﬁe second is an article about tachypnea in general, provides some insight on!overlouked causes of tachypnea

v

-
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V/
DOSIIN G ¢yt
/ il CXPiragy,

Adding PEEP can be OMfortable gy,
M” also reduce minute volumc ' While kceping thcr]ar? e
gat in Volume Control venilgoy need to re,
e ot our Plateau Pressyye jg stil] dceeptale V'alllﬂl

S dyspoca op g7 - Moving for,
¢ can lead to less vy o0 air hunpe, ard, there
yolum! Ber due to 4y, -

¥

(which
ma .
pani:' lead ‘olfcwx:r nggered breaths) ang
"Patory i, Ventilation, Jyg recognize
hat the alyeg); remain safe

Cnsure ¢

15 alsg the idea that increasing o |
; tidal volume a4 ey g, : - Increasing tida
e mcrcasething While this i ;L ;c:i e MIutE volype :m OIeCCPLOrs in the lungs. 6 And then if
rate of brea .d i coumenntuirive, it coy} Patient, they i respond will a slower
things we could admini e . “alytics, bug we prefy

As arelated exa:r,
pronchospasm or has 2y, -
ratio by decreasing both -

And at the extreme end of
5525 We haye aventj Slrategy for “ﬁ*ﬂ?realcning situations.

- Per ofyy : :.icer!! Who Suddenly CXperiences acyge
ratory Time and Reg iraty R on Strategy e
still triggering breaths fi:; actual

Or calculateq |. ©We do that on the vent, but the patient s
.JC“., J,\ . s an we’d 1
AutoPEEP 5":’”5 fo o ; Atthis point g Tate dia] op oy, achine (i:sc:,hf :hand With the result thar
overall rate and we l:" f’/ © -k about ogper Ways to bring e Patient's intn[;s, © Primary way we control the
goals.( Similar to what w: saiq aboye, Slrategies here Would include fyrq, d © it dt?\*n.zo achieve our
psiitg cotclont naaf;(m,; Sure triggers ary appropriate, and adding PEEe; i oy tme,
ile we've diseugs iusti : ’ R N
So whil diicussed agijus.rnng Tespiratory rate Up 10 this point a5 iy v
complete control over viz tie machine interface "t Were a parameter we have

. Paticnt-r cred by reaths per minute can exceed the
value we have set &gered breaths ape generally of ; ;
wellbeing or safety then we ought to gy, action Y Ot benefitto the patieny,pyy i they threaten overal]

5 g ; -~ Steps to fix this problem include
> trailing an incregseq tidal volume, and_ a5 last resort,

22 Banzett & friends, 2013 - For 4

management
7 This idea that patient-triggered breaths can be of benefit was discuss

very detailed discussed of (his idea, take a look at this chapier in Tobin's textbook on vent

ed back in the section on Comfort
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\cule respiratory distress syndrome;

 ARDS “water; LPT oIS P ml = e PEER oy g Ryker, '
AP - driving pressure: &V - change 1 ‘."l:lr:?-hcmlh() _ centimeters of water; LT M- Titers per minyq "l‘\"\’:,';u'l'u) Pressure, ppp Medical s Vent Management Guide
AutoPEEP - ninnsic postite i i f PJ P - ,ﬂ{/’f} A volume: Vie u|.’.;”:> MSpirg Pressure; ppy
N 3) v o Dl - f ”( ) / With that said, there may be the —— didal o, PPl platcan oy
Driving Pressure??® Dpnneg [0 J el k - uch research on tha o date, Or 2 Compargp ‘
(S M howm inflatc aﬂd deﬂa ¢ the alveOh Btk cve beeﬂ'm tou h to blow off ¢ The.one d WﬂSide of thi S'tmllcgy In other at] .
. to describe how much we 11 Lo | (iniIatiot: 554 defle hat it a0 be toug 0ff carbop dioxide thls]lm“cd .. "t Patient groups, there just hasn't
Driving pressure (80 ) 3 T K " that too much opening and closing oo cllation, missive BYPEFCapnia i 561t a thing yyign oo 1 1o1 &5 We'd ygp 23 o8 PIESSUEE of open-lung approach is
inhale and exhale on the ventilator. Tl-le idca ut stress on the alveolar walls and cause amage.™” Thig ©! other consideration bie:c iz PREp _ itisn RD , but that may not.b © said way back when that
and dovn —howover we oo e pf asses across the alveolar membrf‘?e' Driving Pressure js g, 2 cquences of this 20204 before 4 | o a,b‘“" ing and w g ¢ the case with other patient groups.
damage, n tun lads o dectease? dlfﬁ‘S'O“:; 5 iratory pressure (normally,l’osmve End-ExP'ral"'Y e n‘Sting driving pressuce 1 atilizing lfiphy;?g ttoal] Patients, For nzr Sure need 1o consider the negative
fifapshens s T ?EEP;)and is also referred t0 asidelta pressure:, 1'm: for everyone. 80 PEEP is good thing iy AwaDe have pretty good evidence that
Pressure, but sometimes affected by Auto 3 P bes o e s
AP = Pplat — PEEP
i and Fesla noe)2
Compliance ( :
i it would look like this: . .
. Compliance is a rreasure of how much ghe lungs firy
; . . 3 - 4
terms it looks ke this: PET unit of pressure put into the system. In math
=TT T T T AutoPEER | compliance = &Y _ _ TVorvte
-Z = -\—
N AutoPEEP | AP (Pplat~ PEER)
5 PEEP | While normal compliance (health -
- Y and breathin )
§ ’ 100ml/cmH20, we often sce values much smallér tign é :rfmtaneously) is somewhere in the neighborhood of
& [time > compliance during transport is to keep track ¢ Ftrends: ines n our vennl:_ned patients. The best way to utilize
’ bad. If we do something that results in poorer compli;ince e:ls;;ﬁ comphf;nce is g0od, decreasing compliance is
i i . . 4 ¢ second guess whatev
; . tients, we try to limit driving pressure as much as we can-to a max of we do 'somethmg that results m. better compliance, high fives are a tedg“Acm ever that change was: if
With our Ll!llg Injury pai s ble. given that we use high PEEP and low Tidal Volume ip these compliance would be a worsening pneumothorax, inhibition of chest wall ; te causes of decm_ _sgd
15cmH,0.2° This is %e.l}eé:ill)f pretty rear:"i:‘zlos‘egt o or above that upper limit, we can do Recruitment by certain medications, increasing Tidal Vol Wall expansion, chest wall rigidity caused
patients anyways. And if driving pressu

an 231
Maneuvers to try and utilize more lung, increase compliance, 2121;;‘3 drop dn\lng PT?SSE"T l;rhls approach may
sound familiar and is often referred to as open-lung ventilation. Th}i basic idea is that we eepvthe lungs ag
filled as possible (i.c. alveoli inflated) throughout as much of the respll’atogy Cydel ai we can. This concept of
- i i ation.
limiting driving pressure and an open-lung strategy 1S specific to the ARDS popu

228 Bugedo & friends, 2017 — Succinct overview of the concept of driving pressure and research done to date (as of a few years ago, o

least LR . i : e T 558
9 G)rune & friends, 2019 — While it is commonly accepted that this inflation/ d‘eﬂauon CYC1§ dolf's caqsi damage (and we will assume 1 To say it another way: by limiting driving pressure, Ventilation may be affected and Minute Volume may be less than we might
it to be valid in our discussion), know that there is ongoing research on all of this (as shown in this artic e) :‘mt . ‘ o .
20 Weingart, 2016a; Bauer, 2016b — Both podcasts look at a 2015 study on the suhject of driving pressure " Trainor & fnend.s’ 2019. - This video reviews both compliance and resi in a succinct and straightforward way
21 We will discuss Compli (and Resi ) and Recruitment Maneuvers in the next two sections ) ) 5 To be more specific, this is what we would call static compliance; we won't get into dynamic compliance here
2 Nickson, 2019b — We will get much more into this idea of open-lung ventilation shortly, but this page provides a nice overview of 26 All of these high Peak Inspiratory Pressure, high Plateau Pressure situations will be discussed in the section on Watching
the concept to hold us over until then Pressures
ERE
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oty distress syndrom;

acute respirat

ARDS N
(imeters 0f W

y volumes o
ater; LPM = lters per nipy
e

e, cmtl:0 cen

AP — dnving pressures AV - change \f

AntoPEEP - munsic posive end-expiratony pressu
often discussed together unde
der the y,

liance ar¢
L k about it here.??” Now the ambrcua

that's why we tal : l
mpliance and we often simplify it by assugebrai
ming

d note it like this:

A related term is resistance. Resistance and com
terms of respiratory mechanics of pulmonary mee anics,
expression of resistance isn’t quite as straight forward as for 0

that flow equals GOLPM, 50 we'rejust going to skip 01 ahead &1

resistance = PIP ~ Pplat

Resistance, in this simplified manner, is the limitation 10 air movem;nt that must be overcome for

arrive at a state in which air in from the machine gets to the atveoli- Assuming plateau Pressure remaing us 1y

constant, resistance is represented by peak inspiratory pressure- This means that we can approxXimalc chg

peak inspiratory pressure t0 signify changes 10 resistance. SO things like kinks in the tubing, biting con t, Nges ty

excessive secretions, etc. that are causes of increased peak pressure and unchanged platedu pressurc co © b,

with an increase in resistance:™ { e
i

1PIP & 1Pplat 1PIP & same/ unchanged pplat y

alrway lssues
aspiration
bronchospasm
endotracheal tube occlusion
secretions

atelectasis
AutoPEEF
chest wall bum

pncumonia
poeumothorax
pulmonary contusion
pulmonary edema
tube migration compliance issues

resistance issues

Am‘i we mentioned already that the alternative strategy in Ppressure Control ventilation when

ha.ve peak inspiratory pressure of plateau pressure t0 guide us is t0 Jook at exhaled tidal volume and i
minute volume to gauge when these things are happening (a drop in volume will indicate an increas Fhaled
resistance or decrease in compliance). We can also look ata quantitative value for compliance (if acln

us on our machine) or see how flow is changing from breath t breath. avsliable fo

\ 27 Yess, 2014 — And f
L or much more on this concept of res irato! hani ings i u
i 0TS ]  of resp ry mechanics and all the other things includ is eui
¢ & friends, 2019 — We will expand on this in Watching Pressures, but know for now H%at this greal(;l:;:f?; ;.0 bind i
piece of an

\/algorithm that we la
(PR Again, this y out when we get there — it just made sense (0 include i i i
gati, i it include it here to differentiate these
N A in pressure control only; in volume control flow will be the same with each breath dclive:":cll) N

DIe:A0
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Iwcr“i"ﬂent Maneuvers

A recruitment mancuver i hn
‘ 1sat i
S 240 During ventilalior et
tion, and even at health, th s to get
i ore ii
alveoli involved in the breathing

proce” ;
that are closed doy
an others OWILOT NON-partio; TC ar :
: : o partic ¢ porti
can 40 things to Bain acce:i (o those c!ampﬂd“:lzmry (or m"’)‘bejlrslzsl of the lung that are ope
-down alveolj 1o 3 ess-than-optj n or participatory
i 10 improy, -optimally-partici -
e cipatory), and we

both i
Oxygenation and Ventilation:

In a general sense, lots of thi
higher Positive End-Expiratory '11::255 COUld_ sk
release ventilation (APRV),*** Prone \s/ure'. hlg_h'frcq“"-ncy oscillation St
open those non-participatory alveoli en.mm““s spontaneous bre t.h'venmanon o air\va‘/‘prk‘ssml‘t‘
ol falls intothis catogory 23 Tha?s ;il;g, etc. Basically anything that can help
, we tend to consider recruitment

maneuvers to be either the i
: g prolonged i
ideas moving forward 2 ged inspiratory hold or the stepwise approach.
roach, so we will stick wi
with those two

-
240 Ragaller & Richte:
T, 2010 — We talk
ed al
,.Alveolnr SiraEe AT Olygenationp&m the advantages of getting more alveoli i
;ll Ia;!sr(::;tef;.roslllu th%:-dea of open-lung veniiiati:v:“ ::r:c ;‘s 29 vervien L ARDS ma:;g'c‘:‘\:“'“! :1 e
st, 2011 = This is the only men , which we will discu iagerient with & section.on he'ide
overview of it y mention we have of HFOV, as it isn’stsglﬁs“mlumly o
242 Farkas, 2017 — Whi VRNt
s — While APRV isn’t ¢ i B
) : . ommon o
navi I tra
- gau'% here for a discussion of this mode in the nsport at the moment, chances are we will
ore references at the bottom context of an open- will siart to sce moee of it in
e Th-°f the page pen-lung approach (discussed on the next ); al Tt
: s, — This is an article th i g e
(whether intentional vi 6 et lso;dlie i -
ia vent management PRACKEEEL, 1t i
orSpoRtancos vin pat , but particularty the idea that breaths of vari i
¢ patient efforf) farther co ) reaths of various sizes
ntribute 0 recruitment )

44
24 Hartland & friends, 2015 i
ey 3 This paper both discusses recruitment mancuvers and describes
vers and describes their use in n
on-ARDS patients under
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120



Rykerr Medical LLC

1y distross 2 ndrome; em R0 - centimeteis o
ALY E

Javion vent!

il
RDS - acule resf o

v oscl

ase ventilauon, A lation

AFRY-<alntd L HEON hl';!\‘llcqncnc

. as been most studied with AR
A itment maneuver can be used in any patient grou%ibr:: :f open-lung ventilation as a Sugr?le
i rgmtl;ne umbrella term open-lung ventilation. \fVe canThe focus of lung protection is smaller T dmeht
patl;ntls el tective approach we described in Lung 1"‘1“.“' The open-lung idea adds to that a componl N
N e i P;l) teau Pressure within normal 1‘mlts'z4s thle these two i(}e ung-protectiy Sh%
a L.
:,t?lll‘;nn; :::nl::;f;:tgmaneuvers to get more alveoli n'wol\"id-1 ; ;_helgeneral 1dea Yol e € and
; is some overiaps a X -
open-lung) are not universally defined and there 15 genation and m‘lpb vc‘%l;tllatmn/ perfusioy
i aneuvers have t seem to be unaffected o7 ¢
vQ nlfi::nr::::e:\tx:‘:mtcomes in terms of mortality and days on ﬂ:; t‘;leenwceds as to how we should o
worse.2*¢ To fur"thcr complicate things, when we do Ty and get i

ioni re are 5 Whe,
recruitment maneuver, LEhWS Slgmﬁc}a,mly‘:l}:vth :luality evidence that some benefit exists fiom Te we
i i but there 1 -
stand on this: more data 1 clearly needed,

rformi jtment mancuvers in ARDS patients, panicularly as part of an overall open-lung sivategy 20
performing recruitmen

g

pcl'fOrm a
potential adverse effects. So here’s

: i oxic is a bit tough, as there isn’t much datg
e g tﬁhe nff,): ﬁis;t;e\l::y‘?fomf:;?;g: Zﬁeady talked about ‘(Fra;:tion tol' 1“5P3§'ud Out
t(l;i\:gix:ld :’v;sict?seoEZl;-Expiratory Pressure, and Inspiratory Time) an‘;::SE:“wi Zr:qsltl:u cggl?;f:l ".nn?“ﬂ

éut let’s say we do want to doa recruim;cn:) ?z?,c;:::f:ﬁgiwg casedieo vcmi; ‘ S:z‘,g;rtc
] pat}ierll:,t(t)r “(’?oi;(r)lrgl(i);;‘:t: l:nngc?:i::fezsn:;};:iv?ng Pressure, ctc. First thing to kn?:c:s that the mancuyer °
::rayn zzusz ;;modyrl:amic problems and we ought to be on }he lookout fo; tel:l&ﬁlc;‘?::’;’)‘iﬁ:r‘;‘:":?;:;{ ';)1 ;:m. Just
as we discussed back when we first got into How is Positive-Pressure ’ EP, a

increase in intrathoracic pressure can drop preload and subsequently impact cardiac output. So monitor al th,

things and have hard limits in place for abandoning the mancuver.2 Also, recognize the risk for causing 5

tension pneumothorax and consider that an underinflated tube cuff or uncuffed pediatric tube will render the

maneuver less effective.®

—_— s,

e e e O L dog i

;‘J‘Ia ‘;f;;’;'z;Pznfi,f;’:,f:f'zigfzicgﬁmg ;negiewn-!i;‘x:(gs:ﬂ!::;:es the data on recruitment maneuvers in ARDS

:: .gl]:isrz ;le,;;g: g(i)s;:; fﬂ; f?rx :ugge;::tli‘:::s on Iimli(ts lcq usz “;}:::; ';f,ff‘ng;i one of these maneuvers and an explanation of the
ggxéﬁgg;“?;ﬁ;m‘ﬁ; efl:rullju::t:lz;;u::::::l)y leaxaer:in:: hiw exhaled tidal volume di ffe{ed from delivered tidal volume with
cuffed and uncuffed m\;es, but it also looked at the effect recruitment maneuvers have on this difference
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illimeters ofmereary, O oxyuey pp: Rj"(en-
L yeen, PLER Medical’s yeny Management Guide
Wilor
Y Pressure p
£ ONimeyr PO, partial pre

PO E gy

second Spo,
The simplest way 10 do a recrujtmeny Maney
! . . at ¢ y 1 VeriE
othetical situation at Some pomnt earlier op jp thig T 2 "
Jeoli with 0Xygen and 'L i sit like that for 4 whil Wemg i .

§ CAf

pul

U

-ge of things, but the ides el does have som, . We said thep lha!: :ch dqn't Just blow up the lungs and

il Oloﬂged inspiratory holit; is more in the bl € merit. The value of 5 recc §I|II have 1o consider the ventilation
;rnount of time, as the atic1.it of oxygen in th;tty 0 getalveoli opep gy mm:;,m ent mancuver (again, this is as a
:1 g we don’t replenish i . roly: air quickly begis ¢ inflow of oxygen for a sustained

to drop as it diffuses into the bloodstream

g, —
- PO, <
100mmHg ) PO, << .
MV
v
time >

erform a prol inspi ;
‘ Tors e ps«:t ‘:}?f"d Inspiratory hold as a recruitment maneuver, here’s how it works: Put the patient
may or into this), and perform an inspi sl
appropriate. Reclommendalions on specifics vary W?dely, but a prﬁﬁ?f?&i?gﬁég‘ioixﬁ?& is often
cited.®* That said, there are many opinions that a hold beyond ten seconds doesn’t provide an additional
benefit.* There's also the question of how often we ought to or can perform these ma.ncuversy Most of the
data out therf’. is specific to in-paticnt scttings with these maneuvers performed relatively mfreq‘ucmlv so this
isn’t something that would perform many times throughout transport, rather we may do it once after 'alc;tim! a
patient set up on our vent.*** We won’t get into specifics beyond that, as this would be a better conversation o
have with both the providers involved in a specific paticnt case and medical direction within a given agency.

25} Metz, 2016a — Video that shows a prolonged inspiratory hold in a set of lungs attached to a vent circuit

252 NHLBI .AR!.)S Nelwork? 2004; Hartland & friends, 2015 - While a few other references cited in this section also mention a
prolonged inspiratory hold in line with these two articles, it sccmed appropriate to note some things: this type of maneuver was tested
by the ARDSNet folks and subsequently discontinued during the trial; the other study used a similar maneuver plus two others and
found positive benefit with any of them prior to patients undergoing surgery ’

253 Radermacher & friends, 2017 — Knowing that a prolonged inspiratory hold may not have benefit beyond ten seconds and given the

fact that performing the maneuver in general can affect hemodynamics means we should probably limit the length of these types of
recruitment maneuvers

254 Hodgson & friends, 2016 — While this review doesn't directly outline a specific frequency at which recruitment maneuvers should

be performed, it does allude to the idea that they are done intermittently throughout a (hospital) shift or once per day
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Rykﬂr Medical LLC pespiraten Jstress S m‘l‘u me Viler,
¢ respie s alo
ro release ventilation \R”r \‘[mlxl-m‘\ nx;lﬂn\mll venulat
APRV — airway presss ¢ reled HEFOM e h-fred cne’ ) roach Wi e
he SIEpWIsE app : cntioneq
¢ rocruitment (aneuven we have't ous to do 50 incrementally. Same i
rec ; S
Moving on to the next type ‘; - into the hungs it seems adV od inspiratory hold would be a stepwig,
already that whenever we put mc:::?uver A alternative ©© thep incremnmlly and over time; in pressure
; jtment ma - ;s e :
for perfoming a recrult™” 4 simply incre®s e, then slowly titrate up on
uld simp | fidal volumes EEp
255 on 0 Z i .
approach.™ In Volan ﬁ *diving pressufe that yields ow'i g ‘ case Recruitment Mancuver fhy,
control we would establis tion of this approac PEEP is titrated back down from the p oy

. . oo 256 S 2 .
in in a similar fashion- e al benefit bY observing SP 12 mind, as the benefit of a recruitient

denti i m ind,
dentify the point of maxima . t to keep 10 100 :
secks to identfy he POTEEC L o tcularly import®?  ined if W€ cubscquently revert back to a PRgp
of maximu PR t of more alveoli) may ot be st
maneuver (i.e. the involvement O N . e
avolved in ventilaticn, Th

t we were at before the mancuver. is o get MOre alv.ecll i d ation '_l'h:s
the ity of recruitment maneuvers oal with lower driving pressure while
s rae ev-em' e gt;lizyws us to ve tilate to our tidal volurrlf;g1ung and improve oxygenatioi.”*% Whil
improves compliance and 3 Asion Q) ismatch acro (erm benefits it fechis fuie t o
working to correct ventilation/ pertus pit vague when it comes to 1ong” e : m‘d oo " 10 concluge
there ae risks involved and o ] tepwise approach and monitoring for patic pens: tion along

ks by using a s cp’

that if we mitigate those ris

the way there is likely some use in the transport setting:

[
25 Metz, 2016b — Another video showing & version of the stepwise recruitment manc

2 Hess, 2015 — This paper outlines these types of stepwise recruitment mancuvers an
usable volume in the lungs over time

uver on a set of lungs attached to a vent circuit
d has a graphic to show how they increase

%7 Claire & friends, 2019 — See this page for a step-by-siep description of how to perform the S'lai.rcase Recruitment Maneuver
238 Hartland & friends, 2015 — We cited this study back when we discussed absorption atelectasis in Oxygenation; while it looks ata
port (those undergoing abdominal surgery), the findings support the idea

specific group of patients we don’t often encounter in trans
than recruitment maneuvers are of benefit in the short term (which is likely comparable to the transport setting)

20|
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pake @ (Calculated 2nd Informed) Plap o

«t section covers 0% we go about setting the

his ne . 3 i an
oW poess differs whe IUs us initiating ventilation F:’e:: \ .ufp on the ventilator. In particular, it looks at
ot already bocr initiated. Thi ¢rsus if we are taking ov A
entilatio? has Eit l{y - i C hav: thThls may not seem like a big deal, but mge:: a patient fm wh.c!:i
it tricky- OREAL es i b ing overofa v atient
is2 ) (l:ktyof variation 1 0w patients ¢ predetemmined strategies for different patier?t iy l; ;1111; E’ Lh::l
et i ts respond to the vent. Sometimes an ent types, the truth
(. ratio of 1:2, other e i potensive patient has a high respiratory rate masthmd : atic gucm is happy with an
on, €l Because 0i 1. we need a method to determine when chan, GGl Sk
thing$ alonc as W€ find tovin ges are needed and when we can leave
Getting the Intel Rea:!

The first thing we do fqr any patient who needs to be or is already ventilated is to li We liste
eport from 'whoevcr was hanging out with the patient before we got there. This i 'IS y s fe ‘5"l-“ !
atients, 35 it can tell us hQW the patient has responded to or will respond ;o su;lls _‘CTY"mPf’E';lm ’ ?r 'a] ind
We then (3 in after hstcmng) decide on a strategy based on how we think that Ctgil::[“ . 1:111_ 1!5:“'6 mlm:i -
Next we get an accurate pthnt height (cither from a reliable healthcare pmw'dg: orb i }cnu ﬂ tI - )
and perform th.ree calcglauons: Ideal Body Weight, Tidal Volume, Minute Volu:ney mesime o

Following that is the patient exam. We’ll discuss a few of tI;e specifics when ;\'e talk about a patient
already on the vent, but we for sure want to get an exam done before we start manipulating things or pla ing
with our vent. Our mental construct of a strategy based on the report we received sl;]ould ;T.latchb\\'halp\\‘ey sci: n
the exam. If not, we need .to clarify that amongst ourselves before moving forward. No need to claborate on
that here, We all know the importance of a good assessment. So once we Lavc a ‘ rt, have d
assessment, and are decided on a strategy, we move forward. repor e fone st

From Scratch

When we are tht? ones initiating the vent, it's fairly straightforward: we take the settings we've come up
with based on presentation and pathophysiology, then plug them into whatever mode and meﬁlod of control we
decide to use. We've already talked about the different strategics and why we may choose to usc one mode or
control over anothe_r, 50 we won’t spend any more time on that here. The easiest way to do this is to stick with
Whatever our machine defaults to and then adjust from there if need be. Once the patient is on the ventilator, we
just '.m.d 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 subjcct;
(which will be discussed in the next section, Keeping Things Going).

. Just t(? reiterate; the settings we conceptualize prior to initiating ventilation (and as discussed in the
previous _secnons) are starting points from which we then make adjustments. It may very well turn out that we
end up with settings, based on paticnt need, that vary significantly from what we initially had in mind and that’s
OK. But the starting point ought to be based on an understanding of what is going on with the patient and
calculate_d goals. And if we have no idea which strategy to choose or if the patient fits too many categories all
at once, just start with those basic settings we discussed in A General Vent Strategy and go from there.
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: o refers to a few different things. Fir
in this 11 o we like what we See: it
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we e

wyes, this strate ay be d¢

patient with 2 high respiratory rate, for & i e 3 decide, “this isn’t what I wouldyve

ient.” tic patient W1 bt ) 4 il
patient.” In the case of an ,asﬁlm?fl‘ ?s ‘working for the pate or not before deciding to change things.” The

cratch, but let’s see 1f 1 . a high percentage of time at decreased preloag

an LE ratio of 1:3 in an asthmatic with no AutoPEEp

all are the Three Big
Second is strategy: are the ¢

set up from s
idea here is to €€ what p
(%TaDP) and hypotension does put

uts our patient at risk an
a patient ,

doesn’t™ o e <°t count .
o Thi the existing strategy isn’t coun erproductive ba;

od the Three Bl Things, We made Sure e : baseq
So we address fhthe patient tghen we look at vitals and labs. The dea is to ensure that both perfusion

on what is going on wi eA .
and acid-bagse bilance are all good, In the context of our vent §tratcgy, and tha&:{;:";; fé?;‘fy a hf e-
(hreatening value or patter? of values with whatever information W¢ have a‘tll?l o 4 e 0 get into
specifics here, but if all is well in cach of those general three suszé%ct_ra;:ﬁly Z?(ce;foln }?:r;eizsiofnoior us tz g

ing Wi i we should match what they are ustis- r machine
messing with setngs and v° o Pressure-Regulated Volume Control and we

can’t do the settjngs the have. For exam| le. if the patient 1S essu
f i as best we can 1n cither Volume Control or Pressure

don’t have tha choiceé)then we match their settings
Control and gp from therg.

.

29 T review these concepts: I-E ratio was in Inspiratory Time (and :E Ratio), percentage of time at decreased preload (%TaDP)
was in Hypotension, and AutoPEEP in this context was in Qbstruction

260 And to brush up on blood gas interpretation, navigatc o any of the following resources:
Woodruff, 2007 - Article that outlines a six-step approach to arterial blood gas interpretation
'._ismnh, 2014 — Short video to review the basics of blood gas interpretation; while he uses kPa
it’s the best of this type we've been able to find

Strong, 2014 - Much more detailed video series on the subject of arterial blood gasses

versus mmHg to outline normal values
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o beyond that in certain situatj
High for peak inspiratory pressure is 35cmH20 althpuglm:l??ﬂsmﬂz}(f) and we do try to stitcul?tlions
(such as a small endotracheal tube). Platcau press " reflect alveolar pressure, 263 Y that
one whenever possible except in those cases wher§ " AutoPEEP when we see evidence of i, by

to a \ )
AutoPEEP is normally zero; we generally take 2¢O © Ly pressure, WO don’t generally cite a normg

may toleratc a small amount before doing s0- F8 5 et indicator of an alteration somewhere in the sygtey,
© try to limit it to 15emHa0. Ay of'
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And driving pressure is most relevant with Lung Injury; o atrol and b e
these parameters should be checked (when possi o d then gait Cerodically through

Lo t inutes after placing someone : D i Toanas i
‘;"ai‘;loﬂ;igrshf;\;\'a;n l:ell;‘a to simp}l)y add these pressures o7 to a mental l?st 0;::”011: T%T“o helpas ;‘:T}i as e go,
A;s far as what to do with this information onc sa rough the

¢ we have it, here
. 26
information and take action to address potennal problems:

v

check those Three Big Things:
+ oxygenation
+ ventilation
+ comfort

v check all connections
check PIP & Pplat check endotracheal tube cuff/ consider nir legk

consider improving compliance
17 & oacheaged Pt (i.c. this could be a positive finding)
1PIP & Pplat 1PIP & unc a

h A
lung issues
abdominal distention/ ascites
atelectasis
AutoPEEP
chest wall burn

alrway issues
aspiration

bronchospasm
endotracheal tube occlusion
secretions

pneumonia
pneumothorax
pulmonary contusion
pulmonary edema
tube migration

I
263 e talked about these situations in Plateau Pressure, but just o reitel

pressure, but things that impede lung expansion can also give a high value ) ‘
%4 For example, if a patient is triggering lots of breaths, we may not be able to get an AutoPEEP/ do an expiratory hold; if they are in

pressure control ventilation, we may not be able to do an inspiratory hold (due to limitations of a particular machine)
265 |_odeserto, 2018 — The left bit of this chart is similar to one he puts forth in his series on vent managenient

rate: we assume plateau pressure is a reflection of alveolar

&40]

138

15— inspiratory 1o capirator Ryk
) \piiatory, ke err Medical’ .,
Pip I-L:k .L""yr""“- il dical’s Vent Management Guide
ak in "
Spiratory Pressure; pp;;:v ’ P']“' Posttive end-cxpirat
Plateay press : alory pressure.
Shure

And then let’s look at potenti 4
potential solutions for cach of g,
CS¢ cageg;266 267

lung iauen ] r\

> rcﬂu'> "

» ucm::lm elevaie head of peg o

» alveolj
decrease |-E rar: (Via PEEP ypg)
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In Pressure Cezicol ventilation when we may
\rends, there are other parameters we can look at. Mg not h?ve access to
decreasess exhaled tidal volumes will drop (and vic st obvlzosxgxs is
won't notice initially because the machine essentialel versa).
using less flow: F et

p]a.teau pressure to identify these

) ;xhaled tidal volume: as compliance

o e case F’f airway obstruction, oftentimes we
ates for this increased airway resistance by

normal
airway obstruction
3 * 2
2 [time> H - I\
' = | tme > \
result is less tidal volume
(represented by arca
+ under the curve)
+
g ¢
£ g
. | he 4 'IJ' time >

266 B 1 & F —_
- asr;,_glisc " mr;:s;.l ig:lgus;il;helrg are also lots of weird cases out there to explain things that can happen, the chart above should not
b e ot radtatios mb:p:,:i ::(f) s::sci:? ](:xcs; asan exarpple, this referenced article outlines a case of high airway pressures
et with the bevel up against the wall of the trachea - the fix here was simply to rotate the tube
267 And to link back to sections listed in thi i iti
is graphic: Positive End-Expiratory Pressure, Inspi y Ti : i

X?Iume Cont'rol. L_ung Injury, Comfort, and Obstruction ’ ) g Sanaey s Qi .

And to review this idea of monitoring compliance in pressure control ventilation, refer back to Compliance (and Resistance)
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Since we don’t typically m?'rllation unil it is $€VET® enov8 n patient outcome is by setting alarms |
get noticed i L contl’O} :,lf 1:1 ls pefore they ave an 1P e (sec following section). |
1 s
best way to catch these sort ooﬁﬁci ght away & {hings chang |
i t we arc
appropriately so tha
270 271
Alarms + talk about all the alarms that 0ur inachineg
|

uiss arc alarms- We won o can break alarms down into tv/0 generg ‘
el o set. Those default ones may be different
r circuit got disconnected” and “oh snap
out in the manual for whatever ‘“achinc’we
are the ones we’ll focus on here.
the machine is the high-pressure _aiflﬂﬂ (Wh_ICh goes.off ‘,”l“f"‘ our high-

One important alarm We set on i alarm 5 50 jmportant is that if it gets triggered, inspiration cycles ¢ fr
pressurc limit is @ched). Tht? rea%on it rgpeatedl}’ trigger 8 high-presslurc alarm, we may end up with 3
That means that if we have a sntuatlc;l N atcattat quickly deteriorates. Imagine wg place .a pan.cm 9,1 the ven
e V.o —— o al;bsn-[:n:tion or poor compliance. If we try to ventilate this paticnt in Volume
who hes it o untreateq e breath that goes in might trigger the htgh-Pressure alar_m a’?d gc‘l
Contral and s} nor.l:]hal set:meg;, o this safeguard exists, in spite of thjg
terminated early with anet T

i Jume. The reason

1t of almost no minute VO : -

i 0 much pressure.

risk, is because we could for sure cause a lot of damage if we accidentally give 10 p
Moral of the story here: i

£ 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 to
avoid dropping our minute volume. On

the flip side, in Pressure Control we need to vigilantly monitor
exhaled minute volume (and also exhaled tidal volume) to

avoid the same issue (of decreased minute volume),
This leads us to the next most important alarm we can set: low minute volume. We set this limit at a reasonable
value below our minute volume goal so that if things get welr

4 and minute volume starts to drop, we get
notified right away before our patient suffers. In this way, W€ atilize the high-pressure and low minute volume
alarms to simultaneously ensure both safety and adequate venti

Next on our list of things to disC

i the im
might have, but we will talk about 3 few thine an
categories: ones that are default on.the macl .
between machines, but deliver similar messag

we ran out of oxygen.” Those ones can i)
happen to be using. The other ones, the on¢

Jation for our patients.

flow as calculated and delivered automatically by the vent; higher flows
ormal values we can still use this concept to trend changes
to provide guidance on how we should set these alarms;

269 We can also (again, this is in pressure control) look at
mean less resistance, so even if we don’t know ranges or n

20 Disclaimer about this section: there isn’t much out there in the universe ) d
{here are studies that have collected data on alarm setlings for in-patient units, but we don't feel it would be appropriate to apply those

{o the transport setting; given that we move these patients one at 2 ime with one or two providers (versus a unit full of vented patients,
Jots of alarms at once, and higher patient ratios) we should arguably always have eyes on the machine and it makes sense to use much
tighter limits for alarms than we might see in the hospital setting; that said, this is just one opinion on the whole thing

271 Weingart, 2019 — And for an altemative discussion of alarms ‘\which has some similarities to this one, refer to this podcast which

advocates for treating all vent alarms as a “code blue” in the hospital setting
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As far as setting the high-pressure and Jow minute ol
c

and when we want to be notified of changes in the syste alarms, that is a bit dependent on our margin

of § imi e 10T m. Asa hiohe

pressure !|m1t shgulhd. b]c “:)‘:W'(fri ;.han l(_)cmHzQ above our Peak Inspiratﬁcm;a ol of ?}uzlb',ih,t, hl,&h cak
resSuC iS already high of nomizl, consider setting the high-pressure ala I'Sy ressure. If, however, our pea
upper Jimit of 35emH20: rm 5cmH;0 over that value or at our

{7~~~ high pressure
5-10cmH,0 above PIP

(or set at 35cmH,0)

time <>

- pressure +

In the event of one of those situations which may lead to repeated triggering of the high-pressure alarm
and sudden drop 1n minute volume, increase the high-pressure limit (even beyond 35cmHv0vifneed be) to
[maintain minute volume. Note that this would be a short-term fix and we should start to c_onsider other
strategies right away: trial pressure control, consider pharmacologic and procedural interventions, etc

As for the low minute volume alarm: set that within 25% of the minute volume goal that x;'c c;alculated
when we first started into this process of getting the patient on the vent.?’? If we have abpatiem breathing in
excess of that goal and we want to know if that changes, we just set the low minute volume alarm 25% below
what they are currently at. In any case, the low minute volume 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 sometimes we get distracted by other interventions and this backup system can keep us informed.

m ic 250, : ; ;
And this 25‘/0 figure for where to set the low minute volume alarm is an arbitrary number that we feel is appropriate, there aren’t
too many specific recommendations for this type of thing
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ore tidal volume is preferied (o a higher respiratory rate Wida?‘a‘ Dead Space is less than ideal and that
. 50 sai

onsiderip

f time means meic G both thy . id that
ount O oo ERvesyall e h, tpercentage of time at decrcascd rel r:zrenbreaths over an arbitrary
on the system: o iR outioss ungs, Wwhy would we pot advocate forr; h-o (%TaDP) concept and stress
respiratory rate strategy i il patients? The apgyer to that questiop isn® igher tidal volume, lower
swer it as best we car. T is0’t completely clear, but we'll try and

First thing to reai:
SNet study that core

gince then, most of the resea
2 few studics that IOf)E' e i this middle ground of 8-10mV/kg, ther
approach, s0 1h.c detaulf sponse is that we should stick with,
it doesn’t consider the 7t that there are multiple m
volume. For arguments suice, let’s outline all of the
and then we’ll get pack 10 this discussion,

First thing is that we want to limit our Plateau Pressure to a safe level below 30cmH-O whenever
possible, which incll‘ldcs \v'hcn we decide to go up on ti "
pressure. We mentioned in that section that most of the data on driving pressure is specific to the ARDS
population, but also noted that there may be a case for us|
So let’s just say that we want to limit driving pressure to
Another component to consider, which we discussed in Recru
these types of changes in small increments and with as much
can utilize Compliance to help guide us towards our goal.

cthods by which we can ensure

' safety while using more
things we can do mitigate the

risks of a larger tidal volume

itment Maneuvers, is that we prefer to make
time as possible between titrations. And lastly. we

23 The ARDS Network, 2000 — We cited this previously in the intro to Specific Vent Strategies and also in Lung Injury; this study
is what led us all down the path of lung-protective ventilation in the first place ) ) ) —
21 Writing Group for the PReVENT Investigators, 2018 — This is one such smqy that attempted to investigate an intermediate udal
volume range; we previously cited a review of this article, but here it is as published

ENE
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A wtoPEEP intrinsic pOSVE end-expiratory Messyre
Foss syndromes " i ¢ } Ll nspiratory 10 CPINaOrY., ks
umeters of W [ rip "
notice a spike in Plateau Presgyy, org

i : me until We et :
In Volume Control we could increase tidal volu ® e until we see decrease in compliance or
rcase p these limits, we then titrage back

fiecrease ‘in complia.rfcc. In pressure control we in:m b cither of i : ’ i
;::tr:: elar; :)Egalegsatln::’ll :;::?:pﬁ:sr utll_:ecaotggitg‘m g thita were trj::st ;:lz?re the previous adjustmep, ]-0“- sai;:; ;Zezi:rlee 3::18:; :J":l’:?[ l'}:: f:{blin ttit;ar:j)ermion. First is that gh;g
map it all out with steps in the chart representing reassessment durin ;:iving pressure are not rigid guidelinesmr:rt]}?g ::em. e

To say it another way, jusi becayse a Plél,tcau prcs:

Ryker i
T Medical's Vent Management Guide
m| Millilieyy, PEEp

AP — driving pressure; ARDS - acute respiratory dist ' Kilogram.
emH:0 —cen peak '
ak Inspiratory I pos

e engd

Pressure

PIEssure: p, )
+ Pplag Plateay CXPIRLOTY pressurc

q,ven;h;’:: all of these precautions g, ensure safyy
volume is probably just finc for our venyeq Patients Onccyl?rc 0 place, we
&l the other ;
issuc

Process tak

Propose that going up on tidal

s !lavc been worked through. That

: s tha yp es[‘_@c and many transports will

Y indicate endpoings E:T ]:l»nm.m plateau pressure and

volume control example upper limits, doesn’t mean 1t that ig g °°"‘Parabryurefis 280ra driving PT‘:Schr]:: lljlssl](]clzarllgl t()Ju’IWClghS benefit.
: action of 11. An d fast thing o Acition: there is g evidenscaec o ha\_'mg @ plateau pressure o;”lg or o

step # | tidal volume | plateau prgs“re ;:lr;‘cr:;{:g | change patient outcome i any direction, jp'g just someg:?;:gg ?;ni;"i on tidal volume i thig mz::c\;mwiglrsssurc

(ml)_ cmH; <0 increase tidal volume "k about and consider at this point,

500 15 48 increase tidal volume i

525 2 50 increase tidal volume

350 1 36 decrease tidal volume ‘

] ﬂ 50 no change, monitor

:;8 | T 61 increase tidal volume

o |a |t |—

Note that even though plateau pressure doesn’t get up fo our previously ":Stﬂf’“SI;Cd limit of 3 GemHyQ,
we recognize that an increase beyond a tidal volume of 550 (line 4) gave us a spike in platcau prcssurc. and dr
in compliance. Therefore we may titrate back a smidge and wait for the lungs to fill more before Moving back

up (line 6).
And as for a how it looks in pressure control:

pressure control example

step #J pressure control | exhaled tidal volume | compliance action

(cmH20) (ml) (ml/cmH:0) i
500 50 increase pressure contro]

550 50 increase pressure control
550 46 increase pressure control (or sta '
550 Y] | decrease pressure control
550 T 46 i no change, monitor \
600 | 50 | increase pressure control

10
11
12
13
12

[ 12

Exhaled tidal volume 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 holds true. ™

To get back to our original argument about titrating up on tidal volume: recognizing the fact that going
up on tidal volume would allow us to go down on respiratory rate with the result of less dead space and less
stress into the system, it intuitively makes sense to consider how we can go about making this happen in a “
manner that is as safe as possible. Firstly we will want to limit plateau pressure to less than 30cmH;0. Next we
may want to limit driving pressure to 15¢cmH;O even though that recommendation is normally reserved for
ARDS patients. Beyond that we can make changes to tidal volume in small and incremental steps while
simultaneously monitoring changes to plateau pressure and/ or compliance with each adjustment.

9‘ II (
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. {ress S Y
. eate respiratory dis b

)§ - acute respird BVM - bag valve mgs),

; .+ circulation; ARD! s life supports 2 s
ABC — arway. brcathng. circu BLS - basic uie

N wsure: BLS i y thorax, cquipment

-1 » end-eapirtony !vn\\UlL ) uction, pie UM 3
-l m“"“\'t . \"l\' x: ”l' DOPE \in\[“-‘“"" mh"\wn‘,- function, tweak vent, SOnOgtaphy
CPR - cardiopuimonary resuscitaion; be posttion ¢ ! - ’

) M, e |

i
DOTTS - disconnect the vent circutt, @;-+80%

Acute Deterioration
decompensate while on the yep,

. Lep
£ acute deterioration of the Us

patient begins to

The next thing to chat about is what to do if the gy

jor
start with a common memory tool to address some of the maj
mcchanically ventilated patient:

the DOPE mnemonic

issue [ action »
D | displaced tube | confirm tube placement be. consider bronchospasm

T STy P v
: . i tracheal tu
O | obstruction | suction, check for kinked endo —__
P | pneumothorax | remove patient from vent; decompress, chest tube, or finger thoracotomy
i eck all connections -
E | equipment [ check S W

2 . “on
There are also some variations of thig-guy, 8o we may see it out there Wlﬂ,l A S : ;thc end for 5
(i.e. AutoPEEP),%™ an “R” at the end for rigidity of the chest wall (a rarc con}gglclatfonlo cntanyl
administration),?’ or even with the “P” to represent pain and/ or (Autf))PEEP. tisa kso somcu{m,,«
accompanied by another mnemonic called DOTTS which outlines actlon‘s that f:an bbc tal crll to fix 15010
identified by DOPE. Now DOTTS includes a step where we bag the patient with a bag-valve mask ¢ 3YM) ang
we’ve crossed that step out. We don’t recommend routinely taking someone off the vent unless we hay, good
reason to and we’ll get back to this idea in just  little bit. But just so we can see 1t in its true Teprescrtation,

'ﬂCking

here it is:278

the DOTTS mnemonic

] explanation
disconnect the vent circuit | to fix AutoPEEP or decreased preload

(i.e. pneumothorax or hypotension)
tube position or function | includes assessing placement and suctioning
tweak vent consider decreasing rate, tidal volume, or inspiratory time
(i.e. with AutoPEEP or hypotension)
Lconsjder ultrasound to identify issues (if we have it

sonography
-

¥ Rezaie, 2018 ~ Describes the “S” added to the DOPE mnemonic; also gives on overview of the DOTTS idea discussed below
76 Thomas & Abraham, 2018 - While the “R” component to the DOPE mnemonic isn’t all that common, it may be worth keeping in

mind
7" Wright, 2014 - A great read on ARDS in general, but specific to this cause he’s got a nice DOPE graphic that he adapted from

another source
2 . ) ; s,
"8 To link back to sections mentioned in this chart: Hypotension, Respiratory Rate, Tidal Volume, and Inspiratory Time (and I.E

Ratio)
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EMS - emergency miedeq se Ryk
" P SESIVICey: e Ly err Mo
HE -~ inspiralony to expirgiory, gy, B1CO; - i g dical’s Vent Management Guide
PEEP - positive c“"‘”v‘-l‘llrlhuy Pressure ’.vnlnm\. Volue. 0, on d,”"d“ Fio
L Pip peak ”“mr‘"ﬂry ;:r.\,\ een; pagy, p;:-(, l;m‘lmn of mspired oxy pen
: . CSSure; p Y Pressure of anerial oxvpen
The DOPE mnemonic (with - plat Plate; ygen
i or W"hout D € pressure -\PU‘ pulse aximet
ooting process whe; . 0 2 pulse oximetr
Ir0ubl¢5hr othfrF; - 1 the patien; 13115 10 deterigy. 321 CMembey and
) C] 7 . o
Alarrtns ;’S e aWIjhmcpalgamctcrs, but that epend‘;fatc. o a1y of thege o :an be used 1o guide the initial
kog e Forex O wh currences ¢ i
wh‘;ma”y a low minute volume 41, n:m » @ tube digp € of Machine ye e wz:lk?c tied to
evessure alarm. In regord 3 ) and g ype displa 2P will give , high-pressure lng o? :";d
pre ) "‘ : Ssessmems; a 3 C airy; o 3 arm (an
pressure or Peak Inspivagry Pressure, 1oy, exh::;e; displaceq s w,ﬂﬁ' 'vng likely result in a Jow-
tidal vy €ad to a high Mean Airway
\

displaced out of the air 2y caygeg 5 low meap airwa €, patient disc o,
hypoxia, tC. Y Pressure, drop in Eyc,

Because there =2 59 many thip 2 With
abit difficult. We'll 5o ahead and do anywa
of all is that acute dete; oration of the vep, e p: ]

fort, etc. and a rbe
change in waveform,

a vent thing, then we r.255 around vy, e oneal tube displaceq rur
drugs and procedures and that gop of thjt:ge V;x;, but if it’s g or pathopffmologm process). Ifit's

Now the reality is that jt i

: . sn’t always s .
other things s:multaneously. An example Zflhisc:toalﬁg :"-V There are times where we do both vents things and

i i i ! C a paty . 5
allerg.u: rzacnon to something. [n thjs case we could simulta:l:eo:sﬂlf already on -the vent who experiences an
and give drugs to fix the problem, o while our [ittle alg Y proceed with an Obstruction vent strategy

moment to think about which sort of problem we have on{’:al::in a::);;e - :;melle- "ohnbepsiontes
accordingly.

g ¢ d Cre
s Q.
Weingart, 2011 For som € trivia on wh ere the DOPE mnemonic came fron . take a look h T
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oy distre
G- acule fespiratony
ABC — airway. breathing, circulation ARDS n; o ot e L
AutoPEEP — inirinsic positive end-expiraton pressurc: ;'u\ ,C‘;q“(mcuon, vncumuﬂmm_ cquipment;
CPR - cardiopulmonary |‘cﬂu~tll;lllﬂl\w‘lllhc pmnmn or functioth sweak vent, sonography
> . b .

{ circuil, O3
re’s the stepwise approach we suggest

jes involveds h
: .o proach takes advantage of fe
atient. Th'® PP 50 edback thy,

{ parame

DOTTS — disconnect the ven

In light of the fact that there are so many variab
for troubleshooting acute deterioration of @ ventilated P
assessmen

we may have available to us from vent alarms and

acute deterioration: what te do!?

start with the basics: ABCs

s alarms 1o guide westment

cons'

b

ider the Three Big Things

addross airway PrEssUres

even be a quicker solve than

¢ treatment” MY
1d of EMS and transpori

wyse alarms to guid
phemy i the wor

And in fact, one could arguc that
that this is blas

starti'ng with the ABCs. While we recognize
medicine, here’s how that might look:

acute deterioration: what to do!?

use alarms to guide treatment

\

\

{hen move on to the ABCs

consider the Three Big Things

\

address airway pressures

|

-

24 And to ref i i
refer back to these things: Three Big Things, Keeping Things Going (and specifically, Alarms)
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bon digyjge Fio
Oxygen, P, e
YEEN, PaQ)y |y,
Pressure; Ppag PJ:h.lI pressure of arerial oaygen
X d AYECN,
Plateau pressure; Sp0: pul \1 0 1
) s¢ OximeIry

EMS - emergency medical ser
. al services, Ei¢
11 — mspiratory 1o expiratory; “\“\. ELCO; - engtyyg |
atory; My “dal ¢
P - positive end-exp Minute Sl
pREP -1 piratory pressure: pip ¢ volume, r
J peak i Taction of
Pirator of mspired oxyge
y ygen

By working through cach of these

o the s stem the issue lies (vent, equipm
speciﬁcs for cach step along the way

steps systematy
matically, w,
ent, physiolo, y,“ © hit al
2y). - of the D i i
but remember that)th:l OW, it gets a bit mon(:) :(:i lhll‘“gs o
mplicated when we add in

basi i
" A C idea .
o deterforation: what o del? Ca 1s a sim
ple set of fo 28
ur steps:” !

et [wie
v be
| - M
=qual ches| = sucll
st i e
| — 17— 510D 8 bleed, faide ! T2k tbe, i With BLS things
=
¥ lm""’*’«'ﬂ bypounerve vent srategy
T pallbe
y o S e =
© remove from mg. treat comfort
- Tung or i oMy vent, needle decompre with anal gesia snd sedation
sddress the Three Big Th7E: " »\uwPEnI.- s :::ﬂ::pu "“’*.ur.'gm‘ y
high freque roibioany
ney nCrease disconnect
—— Wm.mhzmwmw.ﬂm_

tube displaced
o pe o
cireuit = e
| tow oy discontect, disconnected circyn o mm“‘ﬂ"ﬂﬂ-ﬂu&maum‘“”“‘
S —— e-connect et
|

] © CEY Chowgh, jus ix the ismuct) lied

(. imermased
e S —
; low peak- this is 3
presse tiggen, Problem (if ot =
. ‘{ 4 PEEP, e voteme “:,"“'“', et comfon, evaluse

8 oxygenation ———,
( /) [ i ventilation — :mz(mhgﬂ g s— A
i comfort —____ and E1CO, PEEP, -
t B g S—
y e

consider
‘both anslgesia and sedation

th'lv"’,
I tube displaced o

! ' { deflated cufl ~T* urway management i
. & T——+ reinflan surting with BLS

A k! . g cuff or replace tube thangs wad a BVM

AutoPEEP detected
\ —_—
| treat comfort, evak
& tnggers, disconnect crowt
I increase 3
Wi b —

T
_ {PIP&samePplu —— lung issues {
———— + alrvay tssues J

——

e p—

A few things to note about thi
X . ut this algorithm: wi
then re-inflate with an a i m: with a partiall
e inflation and 1ikcli:g; (:IP:::: t;3m<?um of air. Simply adding SEF ated cuff, remove air from the cuff and
ressure and i Biiheahaseling e displacement.®? Also cons,idv:ruu'l::Ee can contribute to both injury from
movi : i
pougic to exchange it for a new on: ‘(;;nglfor‘”ard ifavailable. And imllggcztgongn;emrmme:ﬁurc cuff
e steps to fix the issue s defective, consider utilizing
lemp‘)raﬁlyllm 5 ng a~

281 And refer b: \ ™
. er ack_to sent :’arame_ters, Round Two to review the pressure:
J is paper reviews the inci i n in the helicopter EMS n
Tennyson & friend 2016 - Thi S cidence of endotrach: on n
cal tube cufl over-inflati
1 licopter EMS setit
e e

283 Mellick, 2014; Lauri 3
» 3 a & friends, 2019 i
short arti ; ds, 2019 — The first is a vi
icle that outlines strategies for salvaging a d; a;:g::i‘;g::!cr:nolnsuaws exchanging a tube using a bougie; th d
cheal tube = =  the second is a
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spintory distiess syndroime

ARDS - acite respiitony & . !
i Dbasic life suppoit; BYM - bag valve mask:

ABC - arrway. breathing, circulail :
. ssure; BLS )
fisplaced tube, ohstricion. PREIMOhORAN, equipiiey
disphi » 3

intrnsie positive k‘lhl»l‘\')ll';lh"} pre
M, wbe position of function, tweak vent, mnng.,,m“

[N . .

g\nﬂ;g single algorithm without getting too crazy o,
things to note} First is that a low Minute ,, the
d to either a high-pressure alarm W?tll:l

AutoPEEP
CPR - cardropulmonary resuseitation; DOPE
DOTTS - disconnect the vent circuit, @;-H0%-v4
ALY A
There’s no way to accommodate/all possibilitic
details, but that's the basic idea. (Before moving on, just a few i

alarm may also accompany acute deterioration, but it will likely be tied t . ‘
breaths cycling off due to that alarm getting triggered) or some kind of disconncct (which would likely b,
€y or low,.

indicated by a circuit disconnect or low peak-pressure alarm). We also didn’t include a low-frequen

PEEP alarm anywhere in this flowchart, as thosc probably aren’t tied to an acute.dctenoranon unlesg
accompanied by one of these other trump cards. And then we already showed this before (and recogy;, th
not all of these are acute life threats), but just to clarify again the different lung and airway issycs W mighy at

come across: i, \f vor

lung issues
abdomina! distention/ ascites — reposition or clevate head of bed )
atclectasis ———— recruit some alveoli (via PEEP and/or recruitment mancuvers)
AutoPEEP decrease L:E ratio, trial volume control, maybe adjust PEEP, disconnect circyj;
chest wall bun —————— escharotomy
pneumonia utilize PEEP to displace {luid
Ppoeumothorax = *| remove from vent; needle decompression, chest tube, or finger Ihomcommy
pulmonary contusion consider lung injury strategy |
pulmonary cdema utilize PEEP to displace fluid g
tube migration |/ deflate cuff, pull back, re-inflate |
sl

airway issues
aspination +| suction (prevent further aspiration), consider lung injury strategy
bronchospasm — - fix with drugs, implement obstruction strategy
endotracheal ||5bc 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 o ¢,
Whlle there is a well-known memory tool (the DOPE mnemonic) to guide us through troubleshooti, ch,-
1ssues, that tool doesn’t consider feedback from the machine (i.e. alarms) and, therefore, we suggest f Potentiy]
;e.quen?e of four steps to work through it all: check the ABC:s, look at and address any alarms, reyicy, !S*:mplc

ig Things, then check pressures, If by then we haven't figured out our problem, we can consider takj " e
patient off the vent and bagging by hand (still not a great strategy though...) or getting out the ultrasou}:dg the

machine to try and identify an issue (if available), 2%

284 H
Mo oli, 2017 - f ] cle Cusse: 1
i} 7 - And or those of us who do have ulu'asound, here’s a short articl, that discuss s application in mechanica|
ICq

ventilation
T
P
U‘G\“ ' g\A
¥

b\

¢

e

0z,
o

I
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Jimit so that breaths don’t get cut it
carj;

o
S =

that w,
. € ma 5
IS time Y need 1o Increase oyur high-pressure
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ERG

o syndrome:
ARDS - acute pespiratory distress S

Additional Concepts, Round TwO

m transferring from one spot o
to the vent circuit. While the,
¢

monly put at the connection between the

Filters™ ok
- octious gunk 10

: : . 1ventilation ¢ revent infectiot® :

Filters are used in mechanical ventilation in!-)li“" ters that simPY fit in

another. Inthe transport setting W geﬂﬂ'a‘

are a few possible options

as to where W€ place e system i
. - 7 e s v
machine and the vent circuit ( de

i.e. the inhalation SY

¢ from getting t0 the patient. Whichiis fine
tting to US and our coworkers: :

eps stuff at the machin

The filter placed here essentially ke !
just recognize that it doesn’t keep bad stuff at the patient from ge

bad
stuff

Now we could work around that by placing the filter at the patient’s face/ endotracheal tube or even on
the exhalation side of things, but the face option will increase mechanical dead space and the exhalation side
option may not be available with our transport vent.*** That said, placing a filter near the tube may be
y«arranted in certain cases (tuberculosis, flu, etc.), just know that in addition to the dead space issue it can also
impede the movement of air. But if we have a patient with something that we don’t want to breathe in and

neither of these strategies is appropriate or possible, be sure to mask up!

[

265 Wilkes, 20112 & 201 1b — He gi i iscussi i
e, ! - He gives the most in-depth discussion of both filters (this section) and humidifiers (next secti
The impact of adding the humidifier (and other devices) to the circuit is discussed in both Dead Space and th(e Appe;nf]l?: :

B B
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HME - heat & moisture exchanger, my SRS vide
anger,

milliliter, OK alright

Humidiﬁcrsz“ 288

is in transport by placing a humidificati
on devi
dotrﬂ“heal tube and wye of the vent circuit PIaZ;;Z Ct:"Cd o bt e plcir o i
. o ctween the

pot work, as the device functions by trapping moi
mois

ture (and also h
nt breath: cat) from exhaled air and allowing it to

wol.lld . ;
pe blowD pack into the paticnt’s airways on the subse
que

moisture (s eat) from exhalati
< (o on “trapped”
device 47 then re-breathed on the ngge:re:t{i e

;.. inhale and rebreathing

1. exhale and trapping

PR

7 Yartsev, 201 — Navij iscus
A 9 gatc here for a discussi
el ; i T sion of the paSSiVC style devi
i f - € yle devices used in the trans 1
Gillies & fr ends, 2017 — This Cochrane Review has determined that passive humidificrs al\po‘Cnﬂl;:lalh'ﬂnﬂblc 10 actual
P S actual humdification in

providing therapeutic benefit and avoidi i
oiding primary icati
O excarch s needed, it complications (airw: | i
m rc ed, it’s good to know that these devices do h;g\'c d:rig::l‘nm: l‘liﬂn.lpncumnma. gy L
strated value ’ ’
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fisiresy syndre ) )
ARDS -0t el ace (a8 outlined in the Appengj
gl dead SP ix
he bigaest contributof 1o meC panicd ¢ good reasons not t0 would be a small)
idi i c l . o "
The humidifier is often t ge sod reason 11 ane o o o et to minimize
but it ought to be used uniess k‘jdcs hﬂvifngl jury patic = lnll cvices designed for pediatrics and here’
i as wi or : :
Tidal V.olume, such b ossible Now th S o for @ certain amount of tidal volume;
mechanical dead <D i vi midificatic gevice and, therefore, more d
the basic idea on that: humidifiers are @ dtop A rnals Of thlen Vi 3 e
i i 4 oduct lin¢:
higher value coresponds with more P jar pF
space.”™ To make this clears Jet's look at1 fi
!
(* ® Humld: vent® HME
K % Gibed B 0
{reM CODE pescRPTON e i
10011 Hum Vond Mol o 1
F n2 humek Veni | = Y
Q;.‘( g R /wn s Vent 1 et -
Q 1382 WM?#‘ = ’
a2 ww-:s 52 \‘
st pomicvent 28 Flex = :
w2 Wwﬂ!ﬂ-wn
/ that more capacity for

¢

e e
29 Hinkson & friends, 2006 - This article looks at the effect of dead sp

the Appendix and will focus in on applying the idea to
r-sized humidifier for an adult patient v

290 Which means we could theoretically use 2 smalles

21 Teleflex, 2019 (images) — Just to be clear, no relationship or

product info Jike this for us to talk about
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we see here
pumidification means m

ore dead space

ace in mechanically ventilated patients, we’ll visit it again in

treatment of pediatric patients
entilated via a {ow-volume strategy

conflict of interest here; it’s just really nice how they lay out all the

]

h

HME  heat & moisture e Rykerr Medical's Vent Management Guide
exchanger, mb - millibier, OK - alrjahy
alngh
gecond good reason not fouse a humidifier would be the co
we wan tho;s:;: ;tiiﬁ:;%l:::\l:cl::‘c&ancnt, not getting absorbed by";::!‘fdc: t.usc e mcdicalions?"’
place . " ;ministration unless wi clcndomd}eal tube and the humidifi e coulFl theoretically
medicatlﬂﬂ ﬂd e e 1{ ¢ also added in a spacer. But then w e, that would result in decreascd
and W a}reﬂ y €8 e hat we want to cut down on that whenever Bl havc a huge amount of dead space
: witha nebulized medication because we are actively pushing mo‘i’::,f 'b]-c‘ Ales; hepees e hramidifies
re into the airways along with

::;atevcr medicati(;m 15 }’j"?ﬁ.' }-'.ivf:n. It is, however, OK to remove th o
P oul drug an .1h'cu <: ach it as soon as that is done./ ' = tc mldl?,c‘r for administration of 8

One other situ2fie™ 18 7 hich we ought to exercise concern \i:'th Mgy, oo

ccretions: as the dFY'-‘"'—' CRG ‘5?‘,Clﬂgged up to the point where it im;eda h‘fm'dlﬁcr w‘ould be increased

over use ? humidifier, 7o it’s one of those cases where we need t ;s sirflow. This isn't a case In which we
nereases ™ Peak lm’::l 44~y Pressure in Volume Control or decr0 e avare of potcntisl prablems.

ontrol would likely be ot first indication of an airflow problem OEEFS n e;ﬁql;aled qdal volume in Pressure

rried about 8 humtete yretting clogged up, we can either remove m::st:vriLcc orl ::I;S hapmn;an?rw; pes
ace it with a fresh one.

Very last thing « o1 numidifiers before movin ;

; . . g on: whil - : . .

paled 8% certain dev o5 may even be classified as both a ﬂlt::il:f::] ?u‘?d?;;ﬁ;_gfoﬂdi ;.ome ﬁ!n-l::non of
. This could potentially

57 scape of 1 zctious material fr neion
figate the © al from the patient int i
< we drew out i he last section. o the ambient air via the exhalation side of the vent

292 i :
o 2::1 escs tl:!c v‘clry ngxl s‘ccuon for a discussion of [n-line Nebulization
i we don’t routinely monitor flow in the t i
‘ ransport seiting, we instead have
s port seiting, we insicad have o Jook at other parameters to diagnose these kinds
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eRG - clectrocardiogram
\RDS _ acule respiratory dhstress syndrome: ERG ¢

In-line Nebulization
bs the way We do, let’s look at a setup of hoy, the

t circuit. Recognize that there may be some
familiar with and serves to outjipe h
e

Just to demonstrate a few things about why We done
system looks when we nebulize a medication through tl?e ven ot
variation between models, this is just the setup with which we a1¢
important stuff:?*

oxygen supply to ncb cup can either be ..,
the machine or another source

2 the :
nebulizer cup goes on (and the other source option is probably easier to g .

inhalation side of circuit

spacer fills with medication
during exhalation, allows for

more effective delivery \

breathing
machine

—

O

— "~ humidifier gets taken out so 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 increasc
mechanical dead space by the volume of the spacer

That should be clear enough, but just to expand on a few points: we may need adaPtcr:e and extra ven
tubing to make this work, so we should plan ahead and have that stuff available in pre-built kits. The spacer i
important, as medication will be lost to the exhalation side of the circuit if it isn’t there. Some machines
recommend specific changes to settings to facilitate this process, read up on that or have a chat with the
manufacturer’s rep for details about a particular machine.

2% Dhand, 2017 — And for more info on placement of the nebulizer and bias flow (which we don’t get into here), take a read of this
article
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prone Ventilation T OK gty
. {hav) U W’M'/
e ",f'f’:v'ﬂi"’? 1o when We lay our yepgiyeq 7 )
. i of pronc ventilatin ;
sl evidence g prone ventilation include thiy Pat’lcnt face down o ¢; "
i roved Oxygenation, more effectiye Ventilation g/Szlglzce e venilag me ed or stretcher, Arguments
. |' t} u 12¢ ’ Io i
studies arc sheouded a bt i bias, and efficacy seem o $2id, prone v perfusion (V/Q) match,
cach day (16 hours per day' 1 ang severity of 510 be relateq 4, carly i entilation isn’t for everyone,
issue)'m When we arc « e o Hiinspiott pr())'poxcmla (ie. Proning has)/blmplcmcmation, time of application
0CESS: Much of Whist ¢ 46, requires access f MTEd patieny, there are gq e1efit when oxygenarion s a major
edicine are designed © 1% ihic supine patjen 10 the patiengs fropy side a::jc logistical limitations to the
m < 1o come 50 it makes scuse to do 5 e Inmind, AJ| hy said, it js | kmany of the tools we use in
yeaﬁeld Auick survey ag o Where thi;xgs arl cly that we will see more of this in
c : €
th atin regard to prone ventilation in

Prone ventilatiorn 7 .« been mostly studied i,

: ey . Patients with

monly diagnose or < across in )
gl e in the corio v of .1.1'3"3’ ON SCene runs, jt seemg lik
will be don 1 ol interfacility transfers Which is g tkely that most of our prone ventilation
- 0

with an endotc: ical ; od, .

ronatese  matin Um:UiI:C and vent in place isn’t the fastestb:hjc:use the process of getting someone
onana L ]ih/ii‘ b 11 own complications, g interfacili € We could do and managing an airway
where we will m¢ ' ll ¥ be using this technique as critica cre mty rnsters of ARDS folks seems to be

We mentioned before in our seeti . Sport providers.
tment is very important Wh.ISC.Ctlon on Lung Injury that recruitment of alveolj i

recrui cry imporant. While it may be tempting to Sitaply fl veoli and maintenance of this
then let the receiving facility re-pronate them, this could . P a pronated patient over for transport and
do what we can to keep our actions in line with overall clini
algOf'thm.s f?r thls, sort of thing mclu.dc cyclical proning on some sort of s hed,
transfers in line with transport capabilities (i.e. with o capaci chedule. It may be worth timing these
it’s supine time and make it happen then) 297

f, @ s /,.,.,fp L

y | |
ot e Alesetl b,

il Kt or gl
9 peee Ly

295 Koulouras & friends, 2016; Henderson & friends,
these articles

296 Bloomfield & friends, 2015 - Refer here for insighl on rescarch that h ions for what o 0
: 5 - as been dy {{ v ug
one to date and recommendations f hat ht t

297 { 1 :
Olveira & friends, 2017 — And as one example of that, take a look at this protocol for prone ventilation: it also gaes into detail on
how to carry out the physical maneuver and discusses many of the concerns that could potentially arise along the way

FEro)

2014 - For details on the benefits of prone ventilation, take a look at either of
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: e olectrocardiogram
Rykerr Medical LLC ndrome; EKG - clee
ory distress 3)

ARDS - acule respirt over, there are a nut;;?cr of t.EChniqueS and

ess of flipping ing a flat sheet of slider.” Proning can also g
bed?®s 1o simply US " er. For example, let’s say we a]r{; £oing fyoy,
stretcher 0 27 ihis at either end of the trz'msfer. This
could facll.‘:;’; in our yehicle, we may still get caught upin
prone pos!

someone

When it comes to the physical proc
tools than run the gamut from 3 RotoPronebed .
performed at the time of mu.lsfer from o:llejoes- o
a hospital that doesn’t do this to oné tha t.en; b
means that even if we don’t transport a patt
the process at some point.

A few considerations a!aou (o
impossible, access t0 the anten'or chest wa el
thoracostomy, etc.) will be limited, and str il
For all of these reasons (and probably 2 great md O has becn
and crews decide to attempt this, but rest assure

< 301
common In years to come.

fient: access 0 the airway may be difficult op
ga pronated pa oot of heart and lung sounds, needle

¢ EKGs, assessm tion may dictate that the patient be horimntm
led configh™ site some time until certain programe

thers), maﬂ::eqalready and will likely becomic morg

¢ transportin

8 Ajo, 2020 ~ Manufacturer’s content on the RotoProne bed, just for those who are curious about it .
29 Critical Care & Major Trauma Network, 2015; Critical Care Cardiff, 2017 - Two YouTube videos that demonstrate proning a
patient _ .

300 Hospital Direct, 2017 - Another YouTube video that shows the maneuver while moving a patient between surfaces

! Boon & Boon, 2018 — These guys have both transported prone patients and provide a good overview of its application in the
transport setting; they also have a video at that same link that shows a one-person technique for flipping a patient on a stretcher
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(in has alnggy all of he
CrS back 1o the regg of

and since this section 15 4 cheat-

; sheet of
we'll skip the legend her SOrls 1y

¢ and direg| e, abbreviations,
the text
A proposed Protocol/ Flowchart

this learning experi :
The goal of 1 perience is that we wij|
ake changee-2nd how those changes affect our p;?:n‘:fsen&u
We’

gh about vents so that we can understand
OTkmg towards that end, it may help to
¢ tried to create an algorithm that covers all

k& with while manag; :
o anaging a patien 02
e 0 It i . ent.
ha\f‘z o talked about up 10 10%, that is generic enoy
e Ve g pages 50 that it can casily be utilized ag

sin eteno 3
Of;ll:i)ghcr ]evel of compeiency or to Slmply take some of the Toad gy
a

ené or in tran.“’?“‘ = al .
se The basic idez o* i:iv flow is something like this:

why We B

fix problems when they come up

02 Wright, 2014; Nagler & Chiefetz, 2019 - Throughout this manual we’ve cited a number of different resources, but here are two of
them that summarize the steps of mechanical ventilation from start to finish: they vary somewhat from what we’ve outlined, but
provide another perspective on moving through all the steps in a systematic fashion

3 Weingart, 2010 — As another example, this document that accompanies the podcast series can also be used as a step by step guide
in a similar way to one we’ve outlined here B
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consider a strategy
%m attach EtCO; and filter;
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&) -(2.3(heinh| in inches) - 60) + 50

)™ (2.3(height in inches) - 60} + 45 5

I. Set the Machine Up g

1. prep MV = 100mUkg IBW/min
a. getareport from sending

. Jlume
i ic: IBW, ti ume, minute vo
b. do some amhfnenc. IBW, tidal vol AT =5
c. assess the patient we “:0

yCS

no

start over fron ich

consider need for humidifier and/ or suction

2. determine settings

a. paticnt alrcady on vent (sce algorithm, right)
b. from scratch - —
i turn on machinc and leave at default = d:f:;l tion 0!31 :m;:m —151-%
=2 7 130-53|
mode and control 12 22-37
. 1oddler M9 8 |
i, dial in desired tidal volume for 6ml’kg reschooler :: _5’ ﬁ-iﬁ [
(or pressure control at 10-1 5cmH20) R school3 ",:.9 child 6-1 He=2
jii, adjust respiratory rate 2% IS ml:ld ull‘;eﬁm 0-12 14-23
1. adults: to minute volume goal ) D et 12-15 :i:;g |08
2. kids: using a reference range adult l6andup | 12-20

iv. adjust I-time using a reference range

idcrations applies:
v leave all other settings at machine defaults unless on¢ of these cons! Y

o;;ru::zgcvm :12::5;?1%) ratio (1:25) by decreasing rate (and ma'ybe I-time also), then itrate tidal volume (or pressure
control) up to maintain minute volume as able; consider less P]?:EP

hypotension | limit PEEP; increase {idal volume and then decrease rate 1o mavmtab e
acidosis | use high end of tidal volume (8ml/kg IBW); increase rate: pre-intubation raté,

double normal value
lung injury | higher PEEP

in minute volume
to get prior/goal E1CO, or

3. initiate ventilation (clamp tube if concemned with de-recruitment)

II. Address the Three Big Things

p: t normal actions _ _
o:;;:'l::ie;n SpO: 93-99% Jow: consider position & st_xction, 'mcrefase _FiOz, lr}crease PE.EP, increase
I-time, consider pathophysiology/ medications, think V/Q m1sma§ch
high: decrease FiO2 unless contraindicated (i.e. pregnancy, anemia, shock,
etc.) .
ventilation EtCO:; 3545mmHg | any abnormal value: consider etiology &/ or patient compensation for
(low end for TBI) | acid-base imbalance (may be appropriate)
Jow: consider perfusion status; decrease rate, then decrease tidal volume
high: increase tidal volume (monitor plateau pressure), then increase rate;
consider permissive hypercapnia
MV ~ 100ml/kg/min | Jow: increase tidal volume (monitor plateau pressure), then increase rate;
(2x with acidosis) | consider permissive hypercapnia
high: decrease rate, then decrease tidal volume; consider SIMV
comfort RASS, at provider extreme end: analgesia & sedation
ANVPS discretion fine tuning: address triggers, lengthen inspiratory time (L:E ratio closer to
1:1), trial different mode/ control (and increase pressure support in SIMV) |
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(3, Keep Things GOITE

and troubleshoot) all alarms

consider pressures (cvery time vitals get reassessed)

’ T S
B R ———
ak inspiratory SemH0 | consider potential causes

I
== %m) kg st
I'CSSUI’E
plateﬂu P
AutoPEEP

consider potential causes (lung issues)
decrease tidal volume (or ressure control

decrease I:E rati
: o/ . .
extend expiratory time (lower rate, shorter inspiratory time)

consider triggering, trial v
; » olume coy i :
e disconnect circuit to allow cxh;mi::ol if in pressure control, adjust PEEP

//ﬁr?s;&r <, emH0 decrease tidal volume or Pressure control

driving consider more PEEP
ore and permissi ypercapni
- i consider recruitment 1:51vc ; puse
W sot applicable monitor for trends and investigate further

3 make adjustments roving forward

s i

gen eral stuff if oxygenation is all good, £o down on FiO: (maybe all the way 1o 0.40) and reevaluate

[P consider uz;re;smg tidal volume to safe plateau pressure and acceptable driving pressure
bstruction use drugs (in-line neb treatment, consider Ketamine for analgesi i

B ensure no AutoPEEP develops or analgesia/ sedation, etc.)

if ‘hypercapnia develops and/ or no AutoPEEP noted, consider moving towards normal 1:E ratio

hypotension use caution with PEEP to improve oxygenation
consider fluid and/ or pressors
[P if perfusion improves, consider working towards normal settings to avoid higher pressures
acidosis maintain increased minute volume goal (minimum 200ml/kg/min)
also consider Winter's Formula to guide tr

f:onsider titrating tidal volume down to SmUkg, then 4mUkg to maintain driving pressure <15cmH:O
increase PEEP to maximize oxygenation, consider stepwise approach
consider recruitment maneuver if hypoxia persists

lung injury

IV. Fix Problems When They Come Up

acute deterioration: what to do!? lung issues
bdominal distention! ascites position or clevate head of bed
atelectasis — > recruit some alveoli (via PEEP and/or recruitment mancuvers)
- — AutoPEEP —* decrease L:E ratio, trial volume control, maybe adjust PEEP, disconnect circuit
start with the basics: ABCs chest wall bum —— > escharotomy
pocumonia —————* utilize PEEP to displace fluid
pocumothorax ————* remove from veat; needle decompression, chest tube, or finger thoracotoary
; pulmonary contusion * consider ung injury strategy
pulmonary edema * ynlize PEEP to displace fluid
tube migration » deflate cuff, pull back, reinflate
eonsideruaeThchigmngs airway lssues
aspiration —————* suction (prevent further aspiration), consider lung injury strategy
bronchospasm » fix with drugs, implement obstruction strategy
‘address airway pressures J endotracheal tube occlusion ————+ address comfort (biting), swap tube (something stuck)
il secretions —————————» suction




?———-—"

Rykerr Medical LLC

Suggestions for Further Study

. sym someo

Just some guidance based on what kind of n:(:g::“:mnagc :

list, but just some places better At " the specific content li
cach of these references has way more to offer than Jus |
d in this manual

intel on many of the things we’ve discusse

ae is looking for. This is not an exhaustiy,
nt of vented patients. Also recognize thy
nked, browse them all for More

audio/ podcast
EMCrit Dominating the Vent Series

ERRE
£k

13
=

FlightBridgeED Vent Series
maE
5 ;
=

video, vent specific

Strong Medicine Series on Mechanical Ventilation

EEwE

Hospitalista Series on Mechanical Ventilation

video, physiology

Ninja Nerd Science, section on Respiratory

162

Ryker .
cb—bﬂscd " Medical’s Veny Management Guide

(exts W

Derangcd Physiology, scction on Respiratory

RcbelEM, simplifying Mecianical Ventilation

3

0¥ 0]

text, free eBook .
principles and Practices of Mechanical Ventilation by Martin J. Tobin (3% edition)
: edition

text, books t0 buy
Ventilator Management: A Pre-Hospital Perspective by Eric Bauer
@t

b

0]
=

Vent Hero: Advanced Transport Ventilator Management by Charles Swearingen
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. \f inspired oxygen: mmHg - millimetery g merey, ) atmospheric pressure; POy, Ryker,-
a — artenial; A — alveolar: emH20 — centimeters of water; FiOr el rtial pressure of arterial oxygcn ; o=~ I‘(;; o Pl presgype of carpy s VE"'M”""L"-’MMI Guide
S \T‘ \|;)v p'|.rl|‘|l pressure ol alveolar oxygen- Pa0: — P Parialpressure Ol oxygen R:l;)'(,;’\ldu: PEEP Posity d
A Parti ' Fespiratory V¢ end-expiratory pressure
quoticny L
PAQ,=F;
. i0,
Appendix P but back to gy O:i(;iﬁ e
=F; al ¢
AO, Floz(Pnlm =Py (ngan on
Alveolar Gas Equation . 02=021(760 _ 4 )~ 482/9*“90)
artial pressur¢ of oxygen in the alveoli in , 7 A0z ~ 10 H 0.8
The alveolar gas equation allows us t0 calculate thtl:pt e ikae f the graphics throughout this g n ‘ ) s
st of circumstances. We used this equation to get values 1S Mua]; other iterations of the aiveolar gas equaig, that we depy
Onstrated i th
manual are sh .
P . 0wn here:
mbient ai = 760mmlg ) AO; at 100%' orFiQ, 1.9 (no PEEp
PO, = 160mmHg N A0z =Fiy(760 - 47 55
PO, = g PAOz = 663mmHg

PCO, = 0.3mmHg
PCO, = 40mmHg
PAO; with Scm peg;
. P (room ajp)306
PA: = FiOu(760 (+ 4)- 47, 3o

_—\/—_— pulmonary capillaries; PAQ; x| OlmmHg

— PO, =40mmHg st el )
PCO, = 45mmH So we can' use the ziveolar gas equation to solve al 5
C Fraction of Inspired O y;:2n and Positive Eng. 8ebra problems in an effor 1o show how things like

g to the alveoli and cap measure how my

: Id be
i jent air and the alveoli, ch oxygen shou
because there is an open system between the ambient air and mu e oo d | :
the overall pressure at the alveoli is also 760mmHg at baseline, however from a blood gas)', th en 1"r'1r {b(, we can understand Something about the et’ﬁc?;genfﬂt:]ade 1t into the arteries .(PEO:
another way, the idea is hiaf we can use values for PAO; and P20, to inform u}; zn W?a?cmge. To say it
IS going on with a

the partial pressures of the components are different along the way h
cont i e to the movement of ox .
atient in referenc ygen from the input of our ;
‘e A- ient and a/A Ratio a : vent system into the bloodstream, V.
i ike this:* like A- Gra(;. fios iy beli ‘tttgr.npt 0 do just that. Now there are some limitations to both of these v ::lucs
The equation goes like this: and their applica y be limited in the transport setting, so we won't get into the details here 37 e valtes
s here.”’

PAO; = FiO2(Paum — Pwater) — (PaCO2/RespQ)

PAO; is partial pressure of alveolar oxygen
FiO; is fraction of inspired oxygen, 0.21 for ambient air
Pam is atmospheric pressure
Puater is partial pressure of water vapor at the alveoli, 47mmHg at sea level
PaCO; is as measured by blood gas (or approximated from EtCOz), weo;ll say 40mmHg
RespQ is respiratory quotient and is assumed to be 0.8°

given that RespQ = 0.8, we sometimes see the equation simplified as so:
PAO: = FiO2(Patm — Pwater) —1.25(PaCO2)

and since Pam, Pwater, and PaCO; are all held constant in our thought experiments:
PAO; = FiO2(760 ~ 47) — 50 ,

*% Yartsev, 2019 — He's got a good graphic that shows the alveolar gas equation with all parts labeled, maybe makes a bit more sense ‘

{o the visual learners than how it is represented here ,
%% Patel & Bhardwaj, 2018 — These guys describe the details behind this respiratory quotient idea; maybe not relevant to our | 3% Just a friendly reminder that SemHO is roughly 4mmHg, see chart in Measuring Pressures
[ 7 Strong, 2014; Yartsev, 2019 — The first is a video that explains A-a gradient; the second is an articles that discusses these types of

discussion of vent stuff, but good nerdy details for those who want more (another option would be to find an exercise physiology
textbook, likely to be some good stuff there) ’ measurements and identifies issues with their application to clinical practice
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cters of water; EtCO: — end-tdul carbop doxyge

centi N : v
Kilogram; L liter; min —minute; ml Millilig,

ARDS - acute respiratory distress syndrome: emH20
FeCO: - fraction of exhaled COs; IBW — ideal body wenght: kg e
j Fmereury: M
mmHg millimeters of mercury.

minute volume
Mechanical Dead Space
to know
In order to determine the effect of mechanical dead space, we first need to know how much Volumg .
i which specific devices we use ang ach
of the extra components takes up. This varies a lot depending on ©an be

found on product labels, but we’ll just generalize it here:

i
]
! EtCO, detector: Sml
U

1
I
! \ humidifier: 35mi
i

other potential things
in-line suction contraption/ angle: Sml
flexible angle adapters: 10ml
filter: 50ml or more!

total estimate: 50ml
distal bit of endotracheal tube: luding the filter, since we often put it elsewhere)
2ml for the adapter,
plus the tube itself (2ml)

Let’s say we want to figure out to what effect 50ml of added Dead Space impacts Ventilation i, our
patients. Now 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
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
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

%% And to review these ideas; Ideal Body Weight, Tidal Volume, Respiratory Rate, and Minute Volume
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= ~—— - T
. T — ——

oK alright: PaCOz - partial pressire of Wterial (), ¢
cCO1 — mean pattial pressure of o PAC
PEC pressure of exhaled ( 0y: T partig) Plesy

RR = respiratory ye: Ty

titda| v -
ATVolum,
c; VA alma pheric pressure

We already know that there cap b a discre
; ical dead pan
h i with mechamca.l d;:d space left oyt and the on? ¢ : WO vers:
ount of carb'o n dioxide produced Per minute “:’I{h 1tinclyg Tions of alveolar minute vo|
of that of it gets exhaled. So hoy, mu CSN't change gy o NOW let's consider the idea m::nc

that lesS e on the hody? ch carbop dioxj o cas iU si
effect does that have on the tody? To answer the fip ques:-“de g ind in fﬂ:mhcr et ciog
for, ey s ot System what and kind of
) ) ollowing relan‘onship:
77 = —2 - PECO,
EtCo,
two verss i
s [: f;:ta:hcis ) ( e otng of th1.s formula thyy use PACO.
e Propose_ repres .-n ation Fmght be of vaye in ca]| z'and - e en B0, o
ke of this example, v¢ will go with tha N Oy dead space = S
the 5% ean partial pressiii= of carbon dioxid ik rECo; on Som]:::ho'e e o i
ig the m be calculated fa-ed on the Xide during exhalation, A norma| e s ot o
e e - on the idea that 5 Normal fractiop of Py .
o €xpired carbon dioxide (FeC0) is about
PECO, = FeCO, (p,
atm — Pn
PECO, = 4y (760mmHg - 47:1“112Hg)

PEC0;~285

now if we use that valu

¢ and the previ ;
we can solve for an expected EtCO; i R A,

n either of the dead Space cases in question

only anatomic dead space:
130 _ EtCo, - 285
390 Exco,
EtCO, =43

[ with mechanical dead space added in:
@ _ EtC0, - 285
390 EtCO,

EtCO, ~ 53

3 Siobal, 2016 - This is a theoretical thing and would require further experimentation, but it serves the purpose of showing to what
extent dead space might impact quantitative measures of EtCO,, with all other things being equal
310 ScyMed, 2018 — Good reference for calculations and normal values for all things physiology
e 5
[OF ,,'g..slil O lg

Al

=5
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1COr - end-udal carbon dionige

Fawaler,
entimeters oF Wt o min - minute: mi
e hter; . nnll.mu|

y - kilogram: L
y minute volume

emH:0
body weight: K .
Is of mereurys M

ARDS - acute respiratory distress syndrome:
FeCO: - fraction of exhaled COx: [BW ideal
mmHg - milhmete )

i correspondin ,

essarily mean that a P £ quantity o

"t nec ;s : )
Now a difference in EtCO; of 10mmHg does t; : The purpose of this EXEICISe Was simply ( g
carbon dioxide remains in the blood and impacts the bodY: In the transport setting where Etco,

: li.
3 sovide in the alveo A ;
that the potential exists for a buildup of carbon dlox:gd:;oul d simply increase Minute Volume to bring the;
S e - » ilation, Wi
monitoring is routinely used to assess ventila

; ; oment longer and consider wh
s idea for justa m ! at
second value into a normal range. But let’s suspend that T Ked at this very problem and determiy og e
impact this might have if we failed to do that. Rcsearc.hers <c in PaC0; of 11mmHg and an increag
remoyiag | el Hesc ipacedn EEELE :hdecr?i\ Jess minute volume. Now this vz in ; i
at wi 4 : A3 a; atie
311 ore, they were able to do : intain-ventilationsnid cor.. by
3;;1 lgl());oi;'fj;ich ;llef‘;h: ;mur conccrﬁs is the amount of air ncededé; :;:};’i:cant d cong
i re .
OAiAL R i AL Fmonqy st k553 B arit?n : we said just a moment ago thq y,

Back to our discussion and application to the fraﬂ!iPOrt setting: E{CO; and increasing miny , © coulq
potentially avoid this increased carbon dioxide retention by mf)nlt%ltlﬂg o0 Fidal Volum,: ohumg G
accommodate, but the truth is that doing so isn’t always ben;gdnlt) ;l:fng pressure), while going U,: :):

il re a s I
Pressure Control will increase pressure (Plateau Pressure ¢ - 5
Respiratory Rate has the potenfial to cause discomfort and increase thatl pe]:f:leﬂ:?izl‘z:l:gss?t icq .c;],SCd
ioxi while Vo
preload (%TaDP) concept.*'? If we can promote carbon dloxllde remod\:? p—— thing: £ l:l ing all of
those things, this seems like a pretty good reason to be conscious of adding hie vent

circuit whenever possible.

31! Hinkson & friends, 2006 — Even though the study had a small sample size, the findings support that support this idea of limiting
mechanical dead space
312 Refer back to Comfort and Hypotension to review these idea
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Rykerr Ao
Jright: PaCO1 — partial pressure of argeryy) COy PACG "Medu‘ﬂl’s Ve
) pECO? -~ mean partial pressure of exhyleq COu T partiy) Pressure of
RR - respinatory rate; Ty | ffii f‘*’“«r"l’hmr e .ll\ml.tl(() P
3 idal Volume, y 5 ay .' ogen, P,.,.., Pl p “m - AMospheric pressyre
veolar mypy Voly Tessure of water vanc
: — Ne: Vi~ eag o
ast thing about all of this with . 0 spice
e llmcn that it’s OK if our calculate;cgm-ds 10 pediatrics 44 volum
way o wl tions posed o foad space, 313 minute volymg i Jar ® control venilaron, mentioned
ca o dead s , al 3 d
¢ comP! The example =25 g 4 W.c Want to reyigjy that 1o o Boal minue volume because of
* igate it all. The EXAMIL 7254 S-year-old kig of 15y, ShOW Why that i ang oy we
i ' e
TT;/V =6~ 8mikg 1y
8- Bmingy g
TV=108_ 144m|

MV goal = 100mUkg IBW/min
MV goal = 1800m/mip
MV goal = 1 81 /mip

MV calculated = RRx TV
MV calculated = (20 - 28)/min x (108 - 144)m|
MV calculated = 2160~ 4032ml/min
MV calculated ~ 2.7 _ 4L/min

Just as with the adult patient, we have anatomic dead §
Jead space that we add in. But we never did consider that the
closely at the label of our vent tubmg, 1t-may say something li
that hypothetical example and run with it:

pace that is always there and then mechanical
vent tubing itself has some flex to it. If we look
ke “compliance 0.0008L/cmH20.” So let's take

we'll go with a TV of 6ml/kg (108m!) and a RR of 24
MV calculated = 2592ml/min
VA =RR x (TV - dead space)

to summarize all the dead space components:
we know we have about 36ml (1/3 of TV) anatomic dead space
let’s say 20m! of mechanical because we have a pedi humidifier and EtCO: detector
and let’s assume a driving pressure of 12cmH-O to get to our TV goal
0.0008L/cmH,0 x 12cmH,0 = 10ml
total dead space = 36ml + 20ml + 10ml
total dead space = 66m!

VA = 24/min x (108ml — 66ml)
VA = 1008ml/min

313 We first mentioned this consideration (of dead space with pediatric paticnts) in A General Vent Strategy
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ater: ELCO2 -~ end-=tidal canbon hoxige

ters Of W

contimicters ¢ .
oy min 2

liter; minutesml - gy,

Kilogran: 1
minute volume

cemH:0
body werghts kg
. pye MY

..-\RDS acule respiratory distress syndrome.
FeCO: - fraction of exhaled COx: IBW - ideal
mmHg mllimeters of merct

) . ; Jume goal was 1.8L/min),
Now in this case the alveolar minute volume is oW (minute Voriate lfvel But what if t})xi b]ut 1 coulg
then look at exhaled tidal volume and EtCO; to titrate up t0 an 3PProP *Mad been

10kg two-year-old?

TV 6ml/kg = 60ml
total dead space = 66ml

feze
which mathematically means no actual ventilation!

dal volume decreases we likely get less » t2tomie

Just to be clear, this isn’t completely the case. As i .
pletely ally would with the delivery of mal.g;
sizeg

dead space as airway structures don’t flex and expand as they norm ) .
breaths. We mentioned before that we assume dead space is constant when going up on tidal voluin:, by, th
is some variation here and it is most notable the extreme end of Jow.3™ Knowing to what degrec thi;, type ofc ¢
thing happens isn’t generally possible in transport, but the takcaway point still stands — be sure to co. iy the
things when ventilating in volume control with small volumes. *
One last thing to consider is the idea that if we are using uncuffed endotracheal tubes with o1 kigg
some tidal volume may get lost as air moves back past the tube to the orophaf}’nx~3'5 So the moral of e s,to
here is that we should either ventilate these patients in pressure control (to bypass this vent circuit stretch dead
space concept) or start at a higher end of normal tidal volume and be ready to quickly go up on minute volume
as soon as initiating ventilation in volume control (based on exhaled tidal volume and EtCOz). 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.

314 . oo—

VeYte_li'ls;:v, 20&9 — We mentioned this idea that dead space does vary with tidal volume delivered back in both Dead Space and
ntilation; this same article also explains that this relationship is not constant across a body’s capacity and that th

}fsss dead space with smaller tidal volumes PR o fhee seems tobe
Chambers & friends, 2017 — For more information on cuffed versus uncuffed tubes with pediatrics, take a look at this paper
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ry 10 expiratory: I-time nspiratory

}’kﬂl‘Medma s i agemeny
! VE M, 8 Gui
n an uide

- epiralo lime; p
nsp ¢ PALS - chdlulnc ,\m,UnL J
“Cd Life gy
. SUppon; RR
ge‘Based Settings RISy g
ffort to make recon i
In an ; o lm";ﬂdallons about yeny settin
Respi"“tory piravory Time, here’s poyy the pr 85 for specifi, age
_ Process wep;. §roups, Specifically
i Make assumptions:
” ormal Resrien ;
2‘ ﬁormal re i ‘u) ’ Rtmes v PALS
' S50y rate AlSare
c. Amnormal I ra1is at resta:fg sfof, a;aduu 812-29 (%32: it:ough 2wk i
1:3 for vente! Latients316 pontancgys Tespiration i . o SIS
ts ORis 1:2, but we ofte )
y N work with a ratj
. - 0 of
 Fill the gaps in the ©1.5 Normal Respiratg
2 s What gaps?"" PITatory Rates datg gey.
iy !a;ﬁ
ter 4 7¢
o data for
preadolescents
Syl
Pressury
Bith (12 h. <1000 g) ':;' -
an-m:.:;- 0% ;:: ::
O R
no info for the ::: z: :
8-9 year range ::.2:5 ¥ o
1 (2] ™~

316 And this may be by convention of leaving inspiratory time sct at a given value, not necessarily because that's the thing we ought to
be doing; but regardless, we’ll get a range of possible values using both 1:2 and 1:3

37 American Heart Association, 2016 (image) — And we said already (section on Respiratory Rate) that we chose 1o 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
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:E — inspiratory 1o expiratory: I-time — inspiratory time; PALS

b. Plot the existin
best fit:

< e Support; RR — respiratory 0. ¢
pediatric Advanced Life Supy ke Secong

g data using both high and low ends of rate by age, make charts, then adq lingg o

c. Using the better fits (exponential regression), solve for the missing data points in the PALS

h

ra
. nspt
gt

oy (o expiratory; I-time MSpratory (e PAL

S Cdratne e © Su
Peg (1) Ady Need N
P le Sy

Pport;

5, Doa lot of calculations (for inspiratory Yimes)~

60s + =H
Chart 2 1 0s + RR time per each TeSpirat
R Chart 1 . P ﬁ €X. for adult (joyy end RR), ¢ Ory cycle
i:: | = y-fs%;g.:;m i” ® R'=0736 I cx, for adult (hlgh end RR) 60" 2= Ss
£ 4a i goes 5 . 00 +20=34
. J [t I-ime s per each regn;
. CIE Ex e Wy i Piratory cycle «
g;: i o i = l] <X for adult (low eng 'nu.n;lsuer ;fpam in that ycle
L L B B e e e B T (A i . %) I8 +3
po § " | ex. for adult (high eng RR, 13) 53 B';
H 3 Sss4a
E * 16 2 P S P i therefore -t '
L] 2 14 ean) - .
AR Aes o F 1me range for adyjy 150.8-17¢
- 4, Putall the data info 2 ciart;

e Chart 4 ; st e
o fw Y1976+ 429 i@ description m-
2 e e ymdlidgesnn i * . R*=0.647 -
!so Ri=0764 isn . <E% K
;40 Pl R toddler
£ T i SR R e S preschooler
® L] o0 (N ST IS (A N . » . T
.Z 2 - s ™ school-aged child
o £ bi, kidS
g i | bigkias |

At ream) ki adolescent
adult 12‘20‘08—17

chart, then add those values into a new chart (noted in blue):

age description age (years) I rate

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 kids | §-9 [17-25°8
readolescent | 10-12 | 14-23
adolescent | 12-15 [12-20
adult | 16andup | 12-20

7% Range here was calculated to be 1

7-26, but we went with 25 since ran

arbitrary decision, but makes the final product flow a bit better
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wite; MV — mmute volume; Ok alnghy
mmite:

' d Hhilier; min
I-time INspicatory time; kg Kilogram; mi - 1 o
Poy - mean atrway pre

Hypotension Strategy Math

introduced a concept which vy, cal]

In the section where we outlined the Hypotension strateg)g] v;’ffl :Z decrease the overall amoyp, of?id
percentage of time at decreased preload (%TaDP). The idea was . aw Pressure (i.c. inspiration) p,, weme
Spent pushing air into the system above our set Positive End-EXPl:*‘a slt'r’; tegy that included a shor.
can mitigate the exacerbation of a hypotensive state. The result waR s, Feassioned e e
lnspiratory Time, higher Tidal Volume, and lower Resplratm.'y l;ressurE. We are going to i
rationales for thig Strategy: less Dead Space and lqwer Mean All'W:lnyent
these differences here Just to give some more legitimacy to the argu

But before we get there, one other ! e em like a good idea t .
the susceptible patient,gso we want to keep that to a min:umum. While n::zaj(epressure cilculaticns W;\ ;fsho
PEEP to zero in the hypotensive patient (especially in light of the meatnand PEEP is one of our ool 1. ”mmaiw
in just a moment), Tecognize that Oxygenation is also Super mmportan atients include case f trigger. n
that. Other specific benefits of PEEP thar'd we'd like to maintain in these p et PRRY d:mag
sontancous breaths and alveolar recruitment, Last thing: the po§l;lve-Pr§551f‘] id resuscitation 1 sed
preload = decreased cardiac output sequence of events ;;an b; ];nélt;ga?lti:e i a;to 2810 if need be, but gy -

i i i to drop
Moving forward, recognize that is totally OI? oA . other vent changes) .
be consequences and there may be other relatively simple ;tratefg;tts [(tl’.:-afl‘lsl:?flstn;ne todrop PEEPgt . )z el
iti i i intaining the benefits. . :
mitigate the negative consequences while maintaining B itervent
emefgency thei work back up to a beneficial level after the acute. threat has passed a::gv‘::t}fl’omar (;""“‘i::bmf;st ihélve
been put inio place. Vent management is dynamic and we can adj.ustvstratefy 32’:’; meanairway pro L[::- ! ent
care. So while we are going to show how eliminating PEEP can significantly n?lation just know that thees ;!re
which theoretically lessens the negative consequences of positive-pressure venti , J
multiple variabjes involved in this practice.

—_—

itwi i i i itive-Pressure Ventilation
" We mentioned this sequence of events and how to mitigate it with fluids way back in How is Positive-Pres
Different?
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thing to mention. PEEP is also a contributing factor to hyporcnsion in

.pkEH' Med-
) CXDIFALOry o ical’s
pEEP — positive end-expiratory pe, WEPIP ey m\Plr.nnry pres g agemeny Guide
i slire,
alveolyy Minge L-‘. Secap. Ty amo,
olume UL af {1 Pet brea,
Now for the math, Startimig wif, how the lowerr gher
sume another 65kg paiic: . .y sec how looks, . shhda fume g 5o dep
’ astion that anatomic deacl sgac: Goegy change i, tdal yojypy, , “eMlations ng frospach
0o Le t Ume, . m the
€ the T » DUt 1 W
assumber of factors and may no: Lc th, Case for g) Slfuatiopg,320 €COgNize thy Hhis ideg g based op
an
general strategy
(6mlkg)  fidal .y ol Mvaﬁﬁmnlfmin
- ic dexd 7,4, 19
SaRE Sty X 17/min (d“d‘mce=2210m/m,-n) B Vot g e
alveolar tidz! vy 1, 9500 VAx tiops the same
d““ﬂceismmm,
bypotension strategy Benerz) Stategy
(10mkg)  fisi i, < MV 6500y,
i6 dead = 'min alveolar minyge )
- anatomic dead X 10min (d“d%e= ﬂmmlfmju) = Vo_lnmnsm
alveolar tidal volii-e 520m] VA= 5200mmgy

This demonstrates _the concept that in the hypotensive Strategy we push fegs Wasted air into the systen,

e already know that positive pre.ssl{re, whether in the fO@ of a breath being delivered oy PEEP, has potentia]
tive consequences, so if we chmfnate any part of that (j ¢, Teduce dead space) whjle maintaining ventilation
negd ur patient is better off. To say 1t another Way, we want to Iy to make yse (in the form of alveolar minyte
zhjﬂn‘:e) of as much of the total air (minute volume) that we Put into the systep in an effort to eliminate pushing
:i‘;ilil unnecessarily (dead space).

intrathoracic pressure, in turn, is the thing that causes all thoge hemodynamic changes associa{cd with positive-
poy tilation.*! Now it gets exponentially more complex than that as pressure at specific components
pr'esfur;v: ?horacic cavity, all of which are tied to hemodynamic function, vary significantly (in terms of
i e function, not necessarily Quantitatively), but the simple interpretation of the idea is that pressure .
e the vent can disrupt hemodynamic function and result in jess cardiac output™* So theoretically, if
> Rm'm - irway pressure we can minimize these potential negative consequences. o
o oo : ay pressure is normally measured by the vent itself, but there s a fmmu%a to estimate it using
values fxeiz;l:tlory time, Peak Inspiratory Pressure, and PEEP (and also T, which s the amount of time

per breath or 60s + respiratory rate):

Pay = 0.5 x (PIP - PEEP) x (I-time/Tiowr) + PEEP

20 47, 019 . A : X G
3 - Y, i hat we calculate out is the best case scena ; we ta ! 1N
artsev, 201 To say it another wa , this advamaget al ‘SC !\'IO ¢ talked E.bO. ul this in
Ventilation and referenced this same article |hen; also refer back to A Ge_neral_i ent Sll’ﬂ‘.eg. to review that idea s
ictelz, uecke & Pelosi, 2005 — Both articles get into the details of intrathoracic pres: related to posiive-pressure
nt Chiefet 2014: 1 k P , 200 detai { intrathoracic pressure

i involved
ventilation and the many interactions and consequences invo

oy5E
i
ey
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minute; MV minute volume: OK - alright;

I-time - inspiratory time: kg - kilogram: ml - millihiter: min nint
" B Paw — mean airway pressure

ssible mean airway pressure (Paw) data points for o

1P) and PEEP. And just to clarify, this is wig, an

| strategy:

Using this formula, we built a spreadsheet of po
strategy with different values for peak inspiratory pressure (P
inspiratory time of 1.0s in both cases and a rate of 17 per the genera

hypotensive strategy
-

s — PIP

, PIP J P
- 10 [15 [20 [25 [30 |35

142 [2.13 [283 [3.54 [425 [496 |
228 [298 |3.69 |440 |5.11 |582
313 [384 [455 [526 | 597 |6.68
399 [470 [541 [612 [683 |7.53
485 | 556 |627 | 698 |7.68 [839
571 [642 |7.13 [783 [854 9ﬂ
6.57 [728 | 798 [8.69 |940 |10.1 L

\i 20 25 30 3 |
067 | 1.00 [ 1.33 [ 1.67 | 2.00 | 21,

160 | 193 | 227 | 260 | 293 | 37
253 | 2.87 [ 3.20 | 3.53 | 3.87 | 420 |
347 | 380 | 4.13 | 447 | 480 | 53
440 | 473 | 5.07 | 540 | 573 | 6.07
533 | 567 | 600 | 633 [ 6.67 | 7.00 |
627 | 6.60 | 693 | 7.27 | 7.60 | 7.93 :

PEEP PEEP

CARY] u]uin —-[o

| »n| al w el =

Barring the most drastic possible scenario (excellent Compliance and very low p.eak pressure) per the
general strategy, poor compliance and high peak pressure with transition to the h).rpotenswe strategy; paired
with keeping PEEP constant), we can see that the hypotensive strategy tends to give lm{vcr r':umbcrs for mean
airway pressure. While it is likely that overall compliance will decrease and thus pefak inspiratory pressure wij|
increase as we move from left to right (due to higher tidal volume with the hypotensive strategy), guesstimating
to what degree that will happen seems unfair without actual experimental data. There may als.o bea
mathematical model based on this idea that could identify cases where mean airway pressure isn’t actually
decreased with the hypotensive strategy, but given that this is just one of three reasofis to use the strategy (the
other two being lower percentage of time at decreased preload and less dead space), it seems OK for now.

Just to demonstrate an arbitrary example, if we had a patient vented per the general s'trategy with a peak
inspiratory pressure of 20 and transitioned them to the hypotensive strategy and ended up with a peak pressure
of 30, we’d get a drop in mean airway pressure:

general strategy hypotensive strategy
PIP PIP
P T [ 13 W[5 Pon 10 [ 15 [ 20 | 25 | 30 | 35
0 | 142 [2.13 | 283 |354 |425 | 496 0067 | 100 | 133 | 1.67 | 200 | 233
T (228 [298 |360 440 | 511 |58 1] 160 | 193 | 227 | 260 | 2.93 | 327
2 (313 |384 455 |526 |597 | 668 7] 253 | 287 | 320 | 3.53 | 387 | 420
FEEP 151350 om0 (541 612 [683 |75 PERP 547380 [ 403 | 447 | 480 | 53
4485 [556 L67N]69% | 768 | 839 4 440 | 473 | 5.07 | 540 | AN 607
5501 (64 ([7.3 | refesitoas FEVE T 33 (| 667 || 7.00
6 657 |728 869 940 | 101 6| 627 | 660 | 693 | 7.27 793

At this point there are no experimental data (at least that we are aware of) to show to what extent this
type of thing has on cardiac output 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 hypotensive patient
or one at risk for becoming so.
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Just 10 summarize things for thig section; the

4 tidal volume, lower respiraiory rate, and

iﬂcrea;aﬁon- We discussed the idea of percentage

xygene hen we added (5 1t j ;
o ension and t G ; approach 2

lly lower mean airway peesure. And while PEgp isa maj 0 results in boh |,

hypotensive Strategy :
keeping PEEp (4 4,

i ss dead g
ne intai nation; i1 OF contribyy, . pace and a
ge " to maintain OXYEENAION, 115 means we ough e caution in Iitmt‘tOr‘m mean airway pressure, it als,
erv! 1ng 1t all the down o zero,
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A Personal Reflection

When I started putting this all together I thought I knew a fair ﬂTnofel;\:::il:n v(:?::;i l?t least | thougy,, I
knew enough to effectively manage patients in transport and that my co Ea spite of this real'waS Aequare to ‘
simplify it for others. Tums out I still had (and have!) a long way 10 go. h al; Ithonght] zat S ele Proceg,
of putting in all down in words and images has helped me learn way nt:otrer s tan(giin wfould V€ Neegeg to |
And 1 think this final product will satisfactorily help others ach;e:ri Snde te 8 Ot vents i, the [
ultimate outcome being impr. ved care for the patients we mov : ’

Another th?rfgnti:,cpa;e up in this procl;ss was an awarencss of howlc.:hmct:] of languz;gc can COntrify,
toa project like this. One could say that I have a baseline aversion to formality an convention. Prefereq
venue for this chat about vents would’ve been a backyard patio with beer in hand. My initial drafts reflecteg
this a bit more at the potential cost of alienating readers. I've tried to find a balance, so we’ll sec 1, that
out. And mad props to both Ben and Bruce for being frank with me about t'hat. . ‘

Carrying on with that idea, Ben made the point that my readers are likely pro CSSIOI_Ials M anjche Settin 1
and, because of that, it may help to reference certain concepts that all of us ought to keep hiddep AWLY in the ’
back of our collective brain. For example, I was reluctant to include references to both gas Jaws and 11

ion, ¢

nue

oxyhemoglobin dissociation curve, as I didn’t want to fall into the trap of putting out content sp ceific for test !
takers or to be seen as taking away from really good material that's already out tl.xerc. But the poiy, wits nog | - ’
on me that there is, in fact, a middle ground, so I've tried to accommfwdate- those ideas.

I've also come to realize that organizing thoughts coherently is quite a c.hor el Wanted a Sequentig)
Progression of concepts from start to finish, but also a format that aIlo'ws for quick referencing ang jumnping
between sections. Thanks to Dan for pointing out that something as simple as a legend at the top of sach page
can help significantly with this process. And then within that overall framework there were countles
explanations that got erased and then rewritten multiple times. Same goes for thS_e gr‘aphlcs Tused i ry ang
replace words, Bruce, I appreciate your feedback on that front and am sure that things will be clearer fo; folks
because of jt. ) L

And lastly, thanks to Chris for giving in to my persistent bullying and for reviewing the last drafy from
start fo finish. He talked me into keeping it simple and spelling things out longhand, provided valuable insighy
on a number of the graphics, and asked good questions about how some of these theoretical concepts actually
play out in practice. And while we didn’t have a backyard patio for our vent book b_anter, We made the begy of
the situation and used the rooftop of his New York City apartment to has'h all these ideas out,

The goal from the beginning was that this is to be an ongoing project. I'm sure there are errors and
misunderstandings hiding in plain sight, but that’s all part of the leammg process. If You come across
something that needs attention or even if you just want to get involved in the next version, don’t hesitate 1o 4
reach out. There’s no reason that this sort of thing should be a one-man project. So let me know what you
think, feel free to touch base any time, and check out the website for more.

Ryan
Paramedic & Nurse
Managing Member, Rykerr Medical LLC
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