*

Rykerr Medical’s
Vent Management Guide

- 1
A)ofs?s‘ N U\‘g;..
] ‘1 \
o :(_\\J'
. ?5 k] \
Jea
o
.
\‘\:\_,t N

Version |
MAY 2020

o do

—_—

P % U) |4 ek
: ;E,J Ve o wii i e Xp)frﬂg,}

A%t GRds Kpobs ol
pNae

o b
pu [estrw
D ""?pﬂfﬁ oA |
—Rte = Ke o Sah /4g~,w Por medial
- Ken - Pu-,‘) M’(’



Rykerr Medical’s Vent Management Guide

Table of Contents

A Personal Intro... L T—— s s ises Cenbve e opopoReesa s sy SRS A T T e -3-

Some Very Basic Physwlogy ...... T RPN |
The Normal Breathing Process ...... RS- 1
How is Positive Pressure Ventilation Different? . =9

Other IMPOTEANT COMOEPES .........c.oivuuuariemisiauessissiasssinsssssssssssass e ss s -12-
Ventilation, Oxygenation and RESPITAHON. ..............oo.omruuimmimmuiresressii s es s i -12-
DA SPACE .. ... ioeeeeseeieieeseeeeeesesisestoe s e ebse s 8 S -13-
Hypoxic Pulmonary Va.soconsmct:on ...................................................... -16-
AIVEOIAN SUTTACE ATBA ......... oot iestestenss e ieses et s sb bbb o R R b bbbt -17-

Lung Size ... ... ..

Measunng Pressures ...... =] -
MOGES OF VEMIIAIOM ... ovovveeeeieeiisise e e sss et ees e seees e es s E bbb s -22-
Control .. vemen e ST T S 4 DA ST AN S TN AR MRS BB S E SR wonE o) -22-
Assist Contml (AC) =23
Synchronized Intermittent Mandamry Ventilation (SIMV) ... -26-
And Beyond . -
Control of Venulnnon -30-
Volume. .. SR -30-
Pressure TS S SO R -32-
Pressure Regulated Volume Control...............cooou. i = 34 -
Vent Parameters, Round One ..............

Tidal Volume

MmutcVolumc R -38-
Fraction of Inspired Oxygen
Positive End-Expiratory Pressure ......................
Inspiratory Time (and I'E Ratio) ............ s
Three Big Things..........cccoovveinin.
Oxygenation (and SpOz)...
Ventilation (and E1COy)....

Vent Parameters, Round Two...
Peak Inspiratory Pressure
Plateau Pressure

PIP & Pplat in Pressure Control?..
A General Vent Strategy ........
Specific Vent Strategies ...

Bronchospasm......

Hypotension

AN CUBOSIE i mer vy o o T ST 0TS0 bt ¥ob e of s S saiseramn saansssengemssnsageenmsassnsssisn

Acute Lung Injury/ ARDS

Other Potential Strategies ...



Return to Contents

Make a (Calculated and Informed) Plan ... .84
Getting All the Numbers Ready................... R~
PO SOTMICR o assuaiunsimssainsiss isscvsasins s viestonssiysssns o ssbies oo R A T e o e N i -84.
Patient Already onthe VeNt. .. ... e .-85-

Keeping Things Going ... .-88-

Titrating Upon VTe ........ooooovvivveiiressesnins .=93.
Other Random Things There May Be Questions About .= 96-
HEPA Filters and Humidifiers .=96-
Compliance ... .-99-
Drniving Pressure ......... -101-

RECTUIMMNENE IMBIBCUVETS i..cuiicvsinioniss ivnsuacay svosinsississasssesivi v gy 560 sVsdis o8| 443 svTseiinn sonsvwsi sossisdos soveda -102-

Prone Ventilation...............
A Proposed Protocol/ FIOWCHAIL ..............cc...oovmoriimieenicceieeions s ssssasns s
Suggestions for Further Reading........... ... A R A T TR P
AppendiX ..o,

Mechanical Dead Space Math
More on E1CO2.......................
Vent Waveforms
More on Age-Based Settings
Transpulmonary Pressure ...
A Personal Reflection..............
References........... e

Rykerr Medical’s Vent Management Guide

A Personal Intro

There are lots of good reasons why I thought it’d be good to put together a pri mer o_f sorts on vent
management, but the main one is that my first vent experience was a near-disaster and I'd like to share what
I've learned since then so that others can avoid what I had to go through. 1 also think there’s some room for
diversity in how we, as an industry, present material to each o move fommd with our understanding of
complicated things. So my second hope is that this interacti le of writing can be of help to some folks
and maybe inspire others to do the same and build on the wh )

But to start with the awful beginning story. I was new to an ambulance service in rural New
Mexico, having moved from Pittsburgh about two years after I first got my medic. I was still green, but fell‘llke
1 had gotten a lot of experience back in the city and was (over-perhaps?) confident. Anyways, [ slartet_:l at lhls
service in mid-November and this call I did was the day after Thanksgiving, so I had basically just arrived in
NM and gotten settled in to the second EMS service I had ever been given medical control at. T!'u'ngs were
different for sure. Five- and ten-minute transport times had been replaced by ones much longer in our 5,000
square mile coverage area, the ambulances were giant machines that could be rigged to carry three patients each
and would never have made it in the city alleys, and protocols/ capabilities were a lot more lenient and included
vents, surgical crics, hiking in to patients broken in the woods - that sort of thing that this city boy just hadn’t
done before.

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

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

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

Sats still stayed low, the alarms were yelling at me, the EMT was like “WTF, bro, get it together,” and |
didn’t know what to do, so I turned the vent off, pulled the tube out and started over from the very beginning
with BLS airways and the BVM. So that happened and we had the airway secured, sats came up and then I
handed the bag off to the EMT and set my sights on restarting this vent machine the way I had been taught just
a little while ago. It was during this process that 1 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 [ was getting and worked through a systematic process for addressing that alarm. The
whole fiasco would have been avoided. But back then I didn’t know a single thing about vents, to include that
the text on the screen was relevant to getting the alarm to stop. Other than what I learned in my short pre-trip
lesson.

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

situation again,
My initial study list looked something like this:

¢ The Ventilator Book — William Owens (there was a kindle version at the time and I could take the kindle
with me on my long transports to Albuquerque — this was in the day before I had a smartphone, so I
couldn’t just pull up videos on my phone like I can nowadays!)

e The LTV1200 Product Manual and DVDs (super exciting stuff... but I have since read the manuals for
lots of the equipment | have worked with and it does provide some useful information)

e EMCrit Dominating the Vent Series (I had to watch these at the coffee shop down the street, as I didn’t
have internet where I lived — I was instead trying to grow food and tobacco in my yard back then, that
and not get caught up in the “technology craze™)

I later came across many other great resources and I will mention those as we get to them. And also, |
got on the technology train. Which I think is a huge facilitator of learning when used in the right way and I
hope that this little experiment can demonstrate that. If you have the print version of this badboy you can just
scan the QR codes for any of the references to access them (if available for free) or to see where you can
purchase them (if they want your monies); if you have an electronic version, just click the links. And if you
have a version where the links don’t work because it isn’t legit, that’s cool too: go here to get it all free and
official.
So now let's jump into the weeds and see where we end up. Keep in mind that this is to be an ongoing
project and my first foray into this type of thing — so if you have feedback, just send it my way and offer either
to lend a hand or a valid suggestion. 1'd love to get more folks involved in this and make it both better and

more accessible for all involved :)
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Some Very Basic Physiology
As a disclaimer: the stuff outlined here is super basic and intended to give a foundation for the

fundamental concepts of vent management. One recommendation for looking into lhc details beyond this
(much of which comes up later when we talk about specific conditions) is a good, solid, heavy Anatomy and

Physiology textbook.!
The Normal Breathing Process

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

We also have the chest cavity and the diaphragm:

! Or this free one thanks to Openstax.org
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. It's OK to consider the lungs to be “attached” to the chest cavity and diaphragm so that when the
diaphragm contracts or flattens, the lungs expand — this sucks air into the plural space via a negative pressure:

inhalation | ks
active process pssive procem
relaxation of al the things
S~

\
A N
‘ | /| I\
/ | | . /

|
|

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

Y5
+ + \Ir’l =

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

2 This assumption mostly holds true for our need in the transport setting, but we’ve delved a bit further in to this idea in the Appendix
10 hash it out more clearly. There is also an article referenced in the ALVARDS subsection under Specific Vent Strategies that

shows a specific case of this breakdown
3 Klabunde, 2008 - Second half of that page explains this concept in much more detail

6
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From there we need to zoom in and take a look inside the lung tissue. The image below shows blood
vessels encircling little sacs, known as alveoli, which are the homestay of the all-famous pulmonary gas
exchange where oxygen goes into the blood and carbon dioxide goes out:*

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

PP

4 Betts, 2013 - This image is from that free online textbook we mentioned a few pages back
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. Next, let’s add some numbers to that graphic of a single alveoli and its blood supply.5 Note that in real
life blom_j is continually moving past the alveoli and gases are constantly moving to reach equilibrium, so that as
carbon dioxide is offloaded and oxygen is onloaded, there is a new supply of blood and a reset of the gradients
across that membrane. It’s important to know that in the normally functioning system, the body does not

“outrun” this system — diffusion of gases and movement of blood is enough to keep up with a body running or
operating at full capacity:$

| ATM = 760mmHg
PO, = 160mmHg
PCO; =0.3mmHg ot the alveoli:
PO, = 100mmHg
PCO; =40mmHg
" g pulmonary capillaries:
V PO; = 40mmHg
PCO; = 45mmHg

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

It's also worth mentioning that the pressure gradient or difference from alveoli to capillary is drastically
different when comparing oxygen to carbon dioxide: oxygen has a pressure difference of about 60mmHg, carbon
dioxide has one of just SmmHg. While this may seem, at first glance, to put the body at risk of some sort of
imbalance, carbon dioxide moves more effectively through liquids, and thus the membrane between capillary and

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

S Betts & friends, 2013 - They give all these values except for POz, that one is cited as 104mmHg, but we calculated it out in the
dix and use the calculated value to mai y throughout this text
s §;eller, 2018 - Outlines how both oxygen and carbon dioxide diffuse in the pulmonary system in the context of gas laws, do note,
however, that certain states can overtax this system to result in a situation — see discussion of A-a Gradient in the Appendix
_8-
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How is Positive Pressure Ventilation Different?

Next we need to consider what happens when we bypass the whole negative pressure mechanism for
ventilation and instead opt for a positive pressure approach.” Let’s start at the top with the basic sketch of
airways and lungs superimposed on the chest wall and diaphragm. When we ventilate by positive pressure we
have to physically displace the diaphragm and chest wall while simultaneously pushing air into the system —
this requires a lot more pressure that we needed for that negative pressure, spontaneous mechanism:

inhalation

i ! exhalation | |
active process | i passive process | {
via “pushing" of air | | relaxation of all the things | |

by the machine -

p

1
i
|
]
— #..\.._ —

We will get to airway pressures and limits for them later on, but a normal plateau pressure (which
reflects alveolar pressure in positive pressure ventilgfion) is in the range of 15-25¢cmH;0; compare this to the
pressures represented in the following illustrati

- Volume of breath
=08 T
T
5 o_/._---; ..... N intrapulmonary pressure = alvcolar pressure
] mnge is -1 to + I mmHg (or-1.4 to +1.4cmH;0)
4 seconds elapsed
lmﬂnﬁm: Expiration
Fa E pressure
£ ) SRS . —_—
-] i_z ! Trans 7
é, -4 :‘ Preasure
i
E ~8 ! \— Intrapleural
' pressure
- H h 4 range is -2 to -6mmHg (or-2.4 to -8.2cmH;0)

" We are making an assumption here that the patient is not contributing to this effort of breathing; to say it another way, this
description is accurate for the patient who is not making any respiratory effort or is out of synch with mechanical efforts — in reality
we can synch patient effort to machine effort to mi diffe and effects discussed in this section

¥ Two things: we'll talk about the mmHg and cmHz0 conundrum at the end of this section (in Measuring Pressures), alveolar

pressure is the most relevant to our discussion for now, the concept of transpulmonary pressure (and therefore intrapleural pressure) is
deferred to the Appendix

395
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The biggest impact of that increased intrathoracic pressure is the effect it may have on cardiac output.

Increased intrathoracic pressure can decrease blood return to the heart via pressyre on the vena cava, resulting in
decreased preload and, therefore, less output®. Let's represent it this way:

normal breathing itive pressufe v
-ImmHg (-1 4emH,0) ’TI';,:.« .
blood return AOK

blood return

Other negative sequalae of positive pressure ventilation (which may still occur even if we have all the
settings dialed in right!) would be patient discomfort, muscle fatigue/ weakening'® and physiologic changes to
other body systems'!. And then if we have things dialed in wrong on the machine or don't ventilate
appropriately based on patient presentation, we can also cause things like direct injury to the lungs/ alveoli and
hypoventilation (leading to shock). This is but a short list of the major things we’ll worry about in this manual,
just recognize that there is a lot of potential for bad and that's why we need to know how to manage the
machine to the best of our collective ability and mitigate as many of these things as we can along the way.

%Strong, 2013 — This video (which is just one of a great series on mechanical ventilation) has a section that explains a littie more detail
on how PPV (and particularly PEEP) can affect CO, while it isn’t always true that PPV d CO( the opp can
occur), the PPV = decreased preload = CO sequence of events is most relevant to us in the transport setting

19 Tobin & friends, 2010 — Outlines the idea that we can mitigate this q by ad vent settings to require that the patient
make some intrinsic effort to breath; while their ending advice 1s to utilize an airway pressure waveform to monitor patient effort
(something we don't routinely have in the transport setting), it sull provides valuable insight on the whole concept

1! Yartsev, 2019 - In fact, navigate to “Respiratory System"” header at the top of this page and then down to the section on “Physiology
of Positive Pressure Ventilation” for more detail on all of this stuff

-10-

Rykerr Medical’s Vent Management Guide

We already saw how a pressure waveform might look over time with spontaneous, negative pressure
breaths, so let’s see how it looks with a machine delivered breath. Note that there are different types of machine
delivered breaths in this diagram (plus some terms to discuss), and we haven’t yet gotten there; that’s totally
OK, we just want to point out some general trends here. Big takeaway: the left set of patterns (the normal)
looks nice and smooth, without any harsh changes or drastic swings in amplitude; all of the others have those
things we don’t want. Another thing wogth-menfizmsmg-is that the graphic representations of th Re a0k
each column of the three towards the right) are each slightly different and sometimes one mode bemore Fws..
comfortable for a certain patient in spite of trying to do all the other things you know how to do: ”

ponlaneous Assisl volume Assis! pressure  Pressure support
breath control control and ventilation
reguisted volume control
NS i
AN
Flow < V —
V

LD

In an effort not to discourage anyone from ever putting a patient on a vent, there are some advantages of
positive pressure ventilati echanical ventilation. Most obvious of these is that it allows us to breathe for a
patient in a relatively simple way when that patient is unable to do so on his or her own. More specifically,
mechanical ventilation allows us to control and direct recovery with specific pathologies (such as acidosis,
asthma, and ARDS; all of which we will discuss later on). Positive pressure can help move oxygen into the
bloodstream more effectively, managing ventilation{and-therefare acid-hase balance) can help that oxygen get
livered more effectively, manipulating time spent at different parts of the respiratory cycle can increase the
/:‘moum of time that the body can participate in pulmonary respiration, etc. There are lots of good uses of the

& ventilator and we will get to all of them in due time, so don’t worry if that got to be too much for a moment and

know that in spite of its drawbacks, mechanical ventilation and positive pressure ventilation do have their place

.i” _in the cosmos.

0.0

" This this assessment of what the body “wants” in terms of smooth wavef and avoidance of harsh changes in amplitude 1s
scientifically unfounded (as far as we \gnow) and, rather, is a subjective concept. It seems to make intuitive sense, but there may not
bea gﬁdway to venfy the idea And if anyone has evidence to the contrary, it would be greatly appreciated. But for now we will
roll with it.

-11-
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Other Important Concepts

Ventilation, Oxygenation and Respiration

Just to differentiate the concepts that collectively represent breathing let’s chat about these three term(".
Ventilation refers to the gross movement of air as the body breathes in and out. Oxygenation refers to the ¢
transition of oxygen from the air outside of the body, through the respiratory and circulatory systems, and to the
capillaries where it can be picked up by tissues for use. And lastly is respiration, which has two specific
flavors. Pulmonary respiration refers to the exchange of carbon dioxide and oxygen in the alveoli of the lungs;
cellular respiration refers to a comparable gas exchange at the tissues. If it helps, here are a few images to

represent all of that:
ventilstion l l |\

)

oxygenation

0, s r 10 gy Tangs (alvouli) s bload blood to calls of the bosdy J
pulmonary respiration cellular respiration 7 [\ﬁl:—l ‘
. P'{l L 0
[ p (01
o~ [
3* — = 0O X "
5

¢ o? |
Y {
(R\)'\SL\

‘\
/)

" Betts & friends, 2013 - Explains 1n more detail the processes of venulation (Section 22 3) and respiration (Section 22 4)
-12-
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There is some overlap between oxygenation and pulmonary respiration in this context, bug it _helps to
separate these ideas out  When managing the vent, we are most focused on the processes of ventilation and
oxygenation." While respiration (in both forms) is very important, our ability to manipulate these processes
isn’t as straightforward as it is with ventilation and oxygenation; also the part of respiration, the pulmonary part,
that we can impact is covered in a roundabout way by our actions to address oxygenation.

S/

S

Dead Space

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

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

Another way to describe anatomic dead space, in light of this graphic, would be just about all the air

involved in & respiratory cycle other than what ends up in the alveoli. Now this graphic isp't1p scale, so it sort
of seems as if dead space is the majority of the air involved in a respiratory cycle, but thi#f isn' the case. There
are tens of thousands of terminal bronchioles in a lung and hundreds of millions of alveoli'? sq the majority of
air ends up in the alveoli. It's also worth noting that this process is dynamic and that an. dead space refers

to the air outside of the alveoli and respiratory bronchioles when those alveoli are fully inflated at peak of
inspiration. As for quantifying this value: normal anatomic dead space is about 2ml/kg or 1ml/1b (IBW) or
approximately 150ml for the average adult male patient. We may also see anatomic dead space estimated at 1/3

" Whitten, 2015 - Goes into the difference between ventilation and oxygenation in the context of patient m;

! Betts & friends, 2013 - And just to clanfy some useless tnvia: the terminal bronchioles (marked by the thick blue line in the far
nght side of this photo) are different then the respiratory bronchioles, which are the stems distal to that blue line that feed in to each
cluster of alveoli

13-



, limited in its ability to participate in gas exchange, we get alveolar dead space. In the normal human body,

15 /rw"
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74
(0.33) or 30% of tidal volume, but this only hj?Ae if we have an appropriate tidal volume for that particular

patient.'®

Anatomic dead space is most relevant h our discussion of ventilated patients when we need to alter the
amount of ajr_ that panic_ipates in alveolar gas exchange. We will talk about this more later, but we basically
have two options when it comes to increasing the amount of air to the alveoli: increasing the frequency at which
we deliver breaths or increasing the amount of air per breath delivered. If we add one breath to the equation, we
must consider anatomic dead space and therefore the amount of air to the alveoli is less than the actual volume
of that entire breath. On the other hand, if we simply add volume to breaths already being delivered, we
actually get that additional volume at the alveoli because anatomic dead space has already been considered for )

each breath. We will return to this idea again later (with a few illustrations), but it sort of makes sense-jo;' — ) /‘IN !
mention it now. Whore oS °
The next type of dead space is alveolar dead space. Alveolar dead space refers to the air in the alveoli \n T

that doesn’t participate in gas exchange. This can be due to a few different things: decreased capillary blood \’)
flow, fluid in the alveoli, damage to the alveolar surface, etc. Regardless of cause, any time that alveolar air is ) g

alveolar dead space is basically zero and we assume it to be negligible&!n the sick or injured human body,
however, we assume some alyeolar dead space. While there is a way to calculate this value (see Appendix),
knowing that number doesn’t) in the transport setting. Instead, we assume alveolar dead space in all of our 0 [)
patients and proactively take steps to accommodate that with our settings.

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

Next on the list is physiologic dead space. Physiologic dead space is the sum of anatomic dead space
and alveolar dead space and represents all of the dead space before we introduce our devices into the system. In
the healthy person, we often assume no alveolar dead space and therefore physiologic dead space is equal to
anatomic dead space. Because of this relationship, the terms sometimes get used interchangeably. While there
is a difference, the utility of knowing this fact doesn’t much help our treatment of sick people, so from here on
out we will refer to anatomic dead space and alveolar dead space and ignore the idea of physiologic dead space
in a effort to be more specific with our discussion.

‘ ///
47

(e

'¢ Rather than going overboard on citations, here’s a quick summary of references for this section and the paragraphs that follow:
Quinn & Rizzo, 2018 - These guys give us the 2ml/kg and 1/3TV formula; they also define alveolar dead space and outline some
clinical applications

Intagliata & friends, 2019 — And these guys cite the 150ml and 30% methods; they also review physiologic dead space

(Also note: there is some ov{ilap on these two articles (including an author), but they provide a brief overview of all this content in a
shghtly different fashion; neither refers to “mechanical dead space” as I have done, but they both mention the impact of this space via

all these methods for estimating anatomic dead space, know that they may not be very accurate;
all that said, the actual value doesn’t mugh matter here, it’s the application of this information that is relevant - so don’t get too caught
up in the nitty gritty!
-14- \
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Last type of dead space is what we will call mechanical dead space.!” Mechanical dead space, whn;h
may also be noted as equipment gf apparatus dead space, is the dead space that we add on to the system with
our equipment: vent circuits, EtCO: detector, HME,'® etc. To be a bit more specific, it refers to all the things
from where anatomic dead space starts (oropharynx/ nasopharynx) to where exhaled air leaves the wye of the

vent circuit:
imaginary barrier between \ 5\0’! h
anatomic desd space and sdt — x c::' mvis
mechanical dead space o
EtCO, /
detector /¥,

®
i
0\ PN hMe -~
4 } lY( ! I distal bit T exhalation valve
L of ET tube on vent circuit
mechanical dead space

Mechanical dead space is a problem because it increases the amount of “used up air” with which new air
must be mixed before it gets to the alveoli. In the normal human being, fresh air is pulled into the airways
starting right at that imaginary blue line in the above picture; in the ventilated patient, fresh air begins at that
wye. We’ve quantified this effect in the Appendix, but suffice it to say that we should try to minimize
mechanical dead space when possible (i.e. think about whether or not an in-line suction device or HME is
needed rather than placing it blindly for all patients) and that the effect is more pronounced with smaller
patients and higher respiratory rates (i.e. pediauics)CAnothg@_inj ‘worth considering is that we can mitigate
this *“used up air” conundrum by pushing fregh air (I'€. oxygenated air) into the system throughout the
exhalation porfion of fhe respiratory cycle. '%

There is one other related concept to consider in this discussion of dead space that doesn’t quite fit any
of the types above. We like to think of all of these volumes as fixed quantities of air, but the truth is that the
containers that hold these quantities of air are flexible or have stretch and therefore we sometimes see
differences in an expected versus actual value, One example of this is that the amount of air we put into the
system (tidal volume) doesn’t always match up exactly with air out of the system (exhaled tidal volume). So
where does that air go? Some of it stays in the alveoli (see upcoming discussion on recruitment), some of it
leaks around our ETT cuff, some of it is lost to the tissues and airway structures, etc. While this isn’t exactly
dead space per se, it helps to recognize that it is a thing that can cloud our understanding of air volumes.

Another place where this comes into play is with the vent circuits themselves. These plastic tubes are
not rigid and do have a certain amount of stretch to them. If you look on the package of the tubing, there is a

" Stein & Wilson, 2005 — This is actually an article on veterinary practice, but it’s the best explanation of mechanical dead space that

we could find

'* Heat & Moisture Exchanger, di d more in the Appendi

** De Robertis & friends, 2010 — These guys outline some strategies to avoid this “rebreathing” of COz in ventilated patients, while not

available in the transport setting, it's still interesting to consider

2 Strohl & friends, 2012 - In this extremely detailed article, they discuss how the physical structure of the airways can contribute to

d variation in p and volume within the system; the simple takeaway is that a volu as is not fixed in size, rather it
varies by a myriad of factors (i.e. anything and everything that impacts p or temp {ala gas law)
4,
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vahge ghal says hqw much volume_ of stretch a given circuit has per unit of pressure. We will return to this idea
again in later secuor}s (once we discuss a few of the concepts mentioned here) but know that in volume control
ventilation we may inadvertently overestimate the amount of air delivered if we ignore the stretch of the circuit.

This is pamcul?rly relevant with little patients (particularly infants), absmdkrmimemfmm—h ve-a much
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Hypoxic Pulmonary Vasoconstriction?

In systemic circulation, hypoxia causes vasodilation. If a part of the body isn’t getting the oxygen it
needs, the body opens up the blood supply to counteract the deficit and get blood (and thus oxygen) where it
needs to go. The opposite occurs in the lungs: hypoxia in the pulmonary vascular bed results in
vasoconstriction (thus the term, *hypoxic pulmonary vasoconstriction”). This mechanism helps the lungs to
avoid wasting blood supply to part of the lung that isn’t getting enough oxygen — it’s a mechanism to conserve
resources and maximize oxygenation. Just as in the systemic capillaries, the pulmonary capillaries are in a state
of flux and respond by opening and closing to the needs of the system and the availability of Jesources (oxygen,
in this case, being the driving force). — T ’ ,__

Two terms related to this concept are’shunt and V/Q misng@Shunt refers to whien blood supply from
the right side of the heart (unoxygenated) makes ft over o the left side of the heart still without pxygen —
something happened where it passed through a pulmonary vascular bed and didn’t los onto
it. This can happen when the alveoli are filled with fluid (as in pulmonary edema,pneumonia by ARDS) or
when airflow to a region is obstructed (prior to the vasoconstrictive response). If thére were g6 hypoxic
vasoconstrictive response, the body would put even more blood flow into these regions and the patient’s
condition would worsen. Treatment here is to fix the cause of the shunt, i.e. move the fluid, gunk, whatever el
is in that alveolar space out of there, so that air can get back in contact with the capillaries.

V/Q mismatch (or ventilation-perfusion mismatch) describes a state in which blood supply and air
supply to the alveoli-capillary interface are out of balance, i.e. one or the other valuable resource is passing
through the system without beingutilized. This represents an inefficient use of resources and contributes to the/\

previously mentioned idea of alveolar/dead space. It can occur by either of two mechanisms: blood supply
outweighs air supply or vice ve!

y

/

o

\
\
Fam

21 Bayer, 2012 - First came across this idea here, but it is also discussed in his book (listed in Suggestions for Further Reading) at
the end

2 For more reading on the subject o )

Dunham-Snary & friends, 2017 — Describes how this response can be inhibited my certain interventions; outlines the role of HPV in
different pathologies )
Lumb & Slu-lger.g 2015 - Qutlines the timelines di d, also di a number of relevant pharmacological agents that contribute
to the effect

also d

Tarry & Powell, 2016 - Disc ysiologicdy factors that influence this resp
vasopressin (among others, but (fiese are noted to be relevant to the transport setting) 3
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Going back to this hypoxic vasoconstrictive response, the V/Q mismatch represented on the left would
lead to vasoconstriction — the body wants to redirect that blood flow to where it will be met with adequate air
delivery to facilitate efficient oxygenation. Moving right, this V/Q mismatch is a step in the right direction and
what we aim for with treatment: as we increase alveolar surface area (see next section) and add air in to parts of
the system which have clamped down, we can reverse that vasoconstriction and improve the amount of lung

\._participating in alveolar gas exchange. While a mismatch still exists at this point, the body will eventually

| tespond to air supply and the vessel will dilate to meet that supply.

‘ One last thing to note about this hypoxic vasoconstriction response is the timeframe on which it occurs
( in either direction. The vasoconstriction side of things happens on the order of seconds to minutes, while the
reverse process of vasodilation ha n the order of minutes to hours. There is a lot of variability in these
time frames based on all kinds oﬁm,‘ but the important thing to note is that the downside happens fast and
|then it takes\much longer to fix it afterwards. This is comparable 1o the idea of alveolar recruitment (discussed
Yter) in that t is better to avoid the problem in the first place than to try and fix it after it has already occurred.

2
/

i
%‘ﬁa}
yi *

Last thing; there are ways to do mathy things and calculate the extent to which a shunt/ mismatch exists,
ut the actions to address the results of those calculations are things that we }l{ould arguably be doing anyways

for our patients, so we will defer all of that nerding to the Appendix. . | , " )
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01\»577’\ " Without genir:glf far gone into the lays of physics, let’s consider blowing up a balloon. At firstitisa
' bit difficult to get it starfed, but once we getdver that initial hump, it gets easier and we have a party. The
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reason for that is that as things stretch, they ‘resist further stretching less - at least up to a certain point. We can
consider the alveoli to be little balloons that fill with air in a similar fashion. That said, there is another
characteristic that contributes to this idea: there is fluid around the surface of each alveoli that tends to resist
expansion. Think of it as molecules on the alveolar surface that are holding hands with one another to resist
movement away from'one another; as we increase the volume of that alveoli, we increase the distance between
those hand-holders and make expansion easier. Look at it this way and consider the strength of the hand

P d holding to be proportional the thickness of the arrows:
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* Random relevant tidbit: surfactant reduces this hand-holding effect or surface tension to make lungs fill with air more casily
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So we have an alveoli that is difficult to open up at first, but then readily expands. Now there is a limit
to this expansion; it isn’t a never-ending process. We will discuss that later on when we get in to measuring and
addressing airway pressures, so let’s hold off for now. Another super important thing to notice that changes
from lh_e left image to the right is that the available surface area on the inflated, right-sided alveoli has increased
dramat‘lcall‘yv 'This means that there is more alveolar surface area available for gas exchange. While we have
been simplifying the interaction between alveoli and blood supply with a simple graphic representation, don’t
forget that the alveoli is actually covered by lots of vessels:2¢

And the last important thing to take note of is that as that alveoli expanded and the surface area
increased, the thickness of that alveolar membrane also stretched and got thinner. This makes it easier for
gasses to diffuse across the membrane, particularly oxygen (which doesn’t diffuse across liquids as readily as
carbon dioxide): &
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Now we know that filling the alveoli up from an uninflated/ underinflated state is a bit difficult, but that
the advantages are increased alveolar surface area and thinning of the space that impedes gas exchange, so it's
worth the difficulty to-make this happen. For now, suffice it to say that we need to make this happen and that
we do that by increasing pressure in the system; we also know that there is a limit to how far these alveoli will
stretch, but we'll get to both the mechanism for making this all happen and how to avoid causing damage in
later sections.

Y
-IQ Ik

H Bzﬂ4 2013 — The zoomed in part of this graphic (the bit in the oval) and the next image on this page are both from here
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Lung Size

{74
LS ing related to underlaying physiology before we move on to talking about the machine: lung size
is most strongly correlated with patient height. Because of this, we use a patient’s height to calculate an ideal
body weight (IBW)** when doing vent things. The idea is that a six-foot dude could weigh either 1201bs or
3001Ibs and the size of his lungs wouldn’t change. There is a formula to calculate IBW for both males and
females, typically presented as a hybrid of metric and standard units:

IBWaudes (kg) = 2.3(height in inches) — 60) + 50
[BWienicks (kg) = 2.3(height in inches) - 60) + 45.5

For the metric enthusiasts, we also have it as so:

IBW dudes (kg) = 0.91(height in cm) — 152.4) + 50
IBWonicks (kg) = 0.91(height in cm) - 152.4) + 45.5

Or we can use charts like this:
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PBW and Tidal
Volume for Females

PBW and Tidal
Volume for Males
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¥ May also be referred to as predicted body weight (PBW)
-19-



Rerurn to Contents

Or we can use apps like this:

As an aside, some people remember this formula for IBW as “inches over five feet” as shown below.
Only problem with this is that it gets tricky if you have someone under five feet. But either way works:

[BWaudes (kg) = 2.3(every inch over 5) + 50
IBWehicks (kg) = 2.3(every inch over 5°) + 45.5

When dealing with pediatric patients, our go-to reference ought to be the Broselow Tape. If that isn't
available, we do have some formulas you can refer to:*
Infant Weight (kg) = 0.5(age in months) + 4
Little Kiddo (1 - 4 years) Weight (kg) = 2(age in years + 5)
Big Kiddo (5 — 14 years) Weight (kg) = 4(age in years)

Or we can use apps like this:

&

?

And note that the Broselow overlaps with the equation/ chart above, so if we have a really small grownup or
a big kiddo, we should still be able to get an IBW just fine. So no excuses!

 Graves & friends, 2014 - There are lots of formulas out there, but we went with recommendations from these guys based on this

paper they did comparing different methods
.20-
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Measuring Pressures

During mechanical ventilation we measure pressures in centimeters of water (cmH:0). You may
occasionally hear this pronounced as “sonnimeters of water” and know that a “sonnimeter” and a centimeter, in
this context, are the same thing. So we have cmHO with mechanical ventilation, but we generally talk about
ambient air pressures in other terms, such as mmHg, kPa, PS], etc. We skimmed right on past this concept in a
previous section when we said that ImmHg is about 1.4cmH0 (this was when we talking about the fact that a
normal negative pressure, spontaneous breath only talks -1mmHg of “suck” while a typical positive pressure
breath via machine takes 15-25cmH:0 to mpve an equivalent amount of air), but let’s now put it all down in a
quick chart just to clear the water (or aﬁ

ATM | PSI | kPa | mmHg | emH:0
ATM 1 14.7 | 101.3 | 760 1033
PSI 0.068 1 (68| 517 70.3
kPa 0.0098 [0.145| 1 15 10.2

mmHg (Torr) | 0.0013 |0.019 | 0.133 1 1.36
cmH:0 0.00097 | 0.014 | 0.098 | 0.736 1

Also note that we assume that ambient pressure as it relates to airway/ vent stuff is zero, so while true
atmospheric pressure at sea level is 760mmHg, we call it O0cmH:O to make things easier.”®

‘\\a
. YJ ‘JJ( ‘\

\
v & b
/ W@} w

7 We'built this ghart by Googling conversions for these values, not exactly sure how to cite that, but thanks Google!
*Yartsev, 2018c — Scroll down to the section called “Airway Pressures” for some fun (and likely useless) trivia on why we measure/

label pressues the way we do

/
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Maodes of Ventilation

Control

Pla_m o!d control ventilation or controlled ry ventilation (CMV) isn’t utilized much these days
and doesn’t exist as an option on many transport véritsZut it helps as a starting point to understand the other
mode;. In this mode we dictate how often we want to gf¥e breaths and how much of a breath to give on each of
llhose instances and we ignore whatever the patient does in response to that. Seems OK for patients with no
mh_erem respiratory effort, but it can pose problems with those who do have some respiratory effort that doesn’t
quite mesh up with what the machine wants to do. Let’s assume a hypothetical timeline running left to right
over an arbitrary amount of time with black hashes to represent machine delivered breaths:

= time

Now let’s discuss what happens when the patient tries to breathe during this underlaying delivery
scheme, both just before (red) and just after (blue) machine delivered breaths:

| —~

In the red situation the machine would give the subsequent breath right in the middle of the patient’s
breath and in the blue situation the patient would be trying to take a breath in the middle of a machine-given
breath. Neither situation is of benefit to the patient, as these patient-initiated breaths don’t get actualized — the
machine basically ignores the effort of the patient. This leads to discomfort, muscle fatigue and potential for
increased airway pressures. The idea moving forward is that we need a strategy that works alongside the patient
and helps meet their expressed needs. Synching the machine with the patient improves comfort, conserves
resources, facilitates recovery, reduce negative effects of positive pressure ventilation, and gives us more
control over the management of the patient.

= time

 That said, we can generally adjust settings in either AC or SIMV to ventilate the patient as if they were in CMV — it’s just not a
default option because we assume we want to support patient effort to breathe
.22.
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Assist Control (AC)

AC ventilation is a mode that supports a patient’s spontaneous respiratory effort by delivering a preset
amount of air (either by volume or pressure, but we’ll cover that soon) regardless of the underlaying rate. So in
this case (with the red and blue patient triggered breaths), the machine would sense inspiratory effort by the
patient (a small negative pressure oz “pull”) and then respond by giving a breath as programmed. The result
would be ten full breaths delivered i the timeline, rather than the underlaying eight breaths noted as black lines.
The obvious advantage here is that the patient’s expressed need for more breaths per unit time would be met.

On the flipside, however, we have the proximity of breaths to consider. If a patient initiates the red
breath just before a machine-programmed one, we run the risk that the first breath may not have time to cycle
through before the next is delivered; we might get a breath on top of another, or “breath stacking.” This can
increase pressure in the system and cause a complication known as AutoPEEP in which the pressure in the
system doesn’t get back to baseline before we add on another breath. Again, we will discuss this further on
down the line, but note that this is the primary drawback to the assist control mode.

In the case of the blue patient triggered effort, the machine breath occurs just prior and, if airway
pressures haven’t had time to settle back to baseline, the breath may get missed or ignored Now this depends
on how the machine is set up to sense a patient trigger*® and we can generalize it by saying that the further along
the breath is or the closer the pressure has returned to baseline makes it more likely that the breath will “catch”
and result in that full delivery. To represent these ideas graphically, let's start with a sketch of what airway
pressures look like over time as a machine-delivered breath is delivered. We are going to ignore PEEP (since
we haven’t discussed that yet) and assume that baseline is “zero” or atmospheric pressure and that changes
above and below the horizontal line are relative to that set point. We also don’t have to worry about the specific
components of the waveform at this point, all those things will be discussed later on:

time 2

/

% A complete discussion of triggers apdl how all that works is deferred fothE Appedix

ol [t o
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Now the next step is to see what a patient triggered breath looks like. Note the dip in pressure at the

start of the waveform as the patient breathes in and creates-a-negative-pressare; this effort is sensed by the
machine and then a full positive pressure breath is then given.*'

\/ time 2>

Let's go back to that initial sketch with red and blue lines representing the patient’s attempt to breath
and see what it would look like in the red line situation where the patient takes a breath and then the machine
delivers a breath before that patient triggered one has a chance to return to baseline. Note that the end result is a
higher pressure (greater overall amplitude) which can potentially cause damage:

- pressure +

= Time 2

pressure +

\/ time <2

3! Now this graphic makes it seem as if a pressure change d d by the machine leads to an assisted breath, while that could
potentially be the case, the more common situation is a flow trigger, regardless of the tngger, however, the drop is pressure as shown
in the graphic would occur in either case (Triggers are discussed more later on)

-24.
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In addition, if we have multiple stacked breaths we might get in a situation where the downslope of the

curve (which represents exhalation) never gets back to baseline and the pressure gets incrementally higher with
each stacked breath

- pressure +

\/ time =

In the blue line situation, where a machine delivered breath precedes a patient trigger, there are two
possible outcomes: one in which the trigger results in a breath (shown first and with similar consequences of the

above example) and one in which the trigger does not result in a breath and the efficacy of the machine
triggered breath is simply altered somewhat:

= time

+

:

-

& | time < v

]
* patient effort
%
& | time -
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To summarize, AC mode machine-delivers breaths at a set rate and will supplement that with full One other aspect of SIMV that sets it apart from AC is that it has a mechanism built in to prevent breath
breaths whenever a patient effort meets the trigger threshold. Upsides to this are that the increased needs of the stacking or one breath being g of another. If we recall from our discussion of AC, one of the pitfalls
patient are readily met, downsides are the risk for increased pressures and a move away from baseline was that éé Mne another and end up with both increased pressures and AutoPEEP.
(AutoPEEP, which we will return to later). As a general rule; anytime you have someone in AC mode you need SIMV avoids this by two m sms: delaying machine delivered breaths after facilitating patient triggered
to be vigilant and monitor both airway pressures and AutoPEEP. bredths and not s g patient triggered breaths in close proximity to machine delivered ones. Our initial

dilemiiia with CMV was that we wanted to mitigate the negative consequences of breaths timed in close
p}rj:ximily to one another:
Synchronized Intermittent Mandatory Ventilation (SIMV) / "—— !

SIMV is another mode of ventilation that also seeks to mitigate the shortcomings of CMV. SIMV
assists patient effort by a similar trigger mechanism as is seen in AC mode; the difference is that rather than
giving a full breath it provides a “pressure support breath” to augment patient effort. We haven't yet made it to -
the point of fully discussing the difference between pressure-delivered and volume-delivered breaths, but know > time > |

that a pressure-delivered breath gives a variable amount of air (at a set pressure) and the resultant volume of air

is dependent on how much the lung tissue expands in response to that set pressure. SIMV mode would respond to this as shown below. Note how the breath initially “planned” to get

One really important thing to consider here is that the volume that results from a given pressure can vary delivered just after the red line (which indicates a patient triggered breath) got pushed back in time to allow that
from breath to breath and is the function of many different things. Let’s assume three consecutive patient red breath to cycle all the way through:

triggered, pressure support breaths. The area of the space under the waveform represents volume delivered, so

in each breath we see a different amount of air resulting from the same pressure support parameter dialed in on } \
the machine: / \

o /W/ j‘g's ) T

_:’llF.f 7,“1)11’1’}" /
+ l\l W , frhc downside to this, however, is that if the patient is triggering lots of breaths (because of inadequate
H | time > jo8

\

« sedation, increased need, or false triggering due to vibrations or a bumpy road), we could end up with

i /0 somgthing like this:

This concept isn’t, in and of itself, a bad thing, it is just something that we need to be aware of. If we /"
dial in a pressure support of 15cmH.0 and get a few breaths of 400ml (measured by exhaled tidal volume, again
a concept we will get to later on), we can’t assume that this will hold true with time and, therefore, we need to | 2
keep an eye on it as we move forward.c1tis alse-worth noting tat the flow over time waveforms for these . } )
breaths are different than the other ones we hiave using (which were pressure over time waveforms). The Shy / ; r o G
others were volume control breaths and these are pfessure support breaths. It isn’t worth getting caught up in “Well.” ight “that doesn’t 1 the patient is breathi ¥ rants dnd
the details at this point, just know that there was a jeason for dmwu)g/ them differently and that a more detailed ell wamigiape, RS txcw iio b, fh patieat fs ng when be wantsedind we are

. : N simply supporting him with that.” True story, but what if each of those breaths looks like these-left sided
explanation can be found in the breaths instead of those right sided ones?

4 16y fubitof, e

< time >
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time 2

<

/ 1]
[ &

time =

- flow +

1f we get all left-sided breaths (with less area under the second waveform, representing lower tidal
volume), we may actually be ventilating the patient with less air per unit time (decreased minute volume). And
that can be a bad thing, as we need to ensure adequate minute volume with all of our ventilated patients (another
one of these concepts that we'll get to later...). Recognize that the size of these breaths is a function of both
patient effort and what we dial in as pressure support — more patient effort (mainly muscle contraction)
facilitates more flow and, therefore, more volume.

Ideally SIMV would include a mix of machine-delivered and patient-triggered breaths and the resultant
minute volume would be close to our therapeutic goal, but that doesn’t always happen and we need to watch out

it._1.ast thing to mention about SIMV: while we program the machine-delivered breaths to give us a certain
volume (whether in volume control or pressure control mode), it is standard practice that patient triggered
breaths are not as big as machine-delivered breaths. So what we typically see are tidal volumes at goal for
machine initiated breaths and lower tidal volumes for patient triggered breaths. While that is the status quo,
such a strategy may not make sense in the transport setting and it is worth considering a strategy in which we
titrate pressure support up so that pressure support breaths are comparable to machine-initiated breaths.?

To summarize, SIMV delivers patient-triggered breaths via pressure support and not a guaranteed
volume; in addition, there is a delay mechanism built in that attempts to prevent breath stacking, Upsides to this
are the avoidance of overinflation and AutoPEEP, downsides are that minute volume can suffer if there are too
many triggered breaths being delivered. As a general rule: any time we have someone in SIMV mode we need
to be vigilant and monitor exhaled tidal volumes (to compare machine-initiated and patient-triggered breaths)

and minute volume. 1
: ¥ ML’ \\r'F *‘ J-**‘\')

A

| \
\\\' 3"y Jl:‘l'}1

32 Hess, 2005 ~ That said, the primary function of pressure support breaths is to relieve workload required by the patient and facilitate
intrinsic resp y effort, this is fund: Ily different that a pressure control breath (discussed soon) in which we utilize pressure
to deliver a breath regardless of patient effort. Hess (2005) discusses how additional PS may not correlate as expected with an
increase in TV due to additional factors on the patient end of the equation and the fact that flow is controlled via rise ime. All that
said, pressure support breaths can be manipulated to deliver larger volumes if needed, and if that doesn’t meet our patient needs we
ought to switch things up and try something else. Hopefully this will all make sense by the end!

.28
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And Beyond...

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

A '1“9/L* - ‘

{ mode (AC vs SIMV

We already discussed the first big choice in vent management: whi
ing) to utilize for our patient. The next decision is to chooseAvhether we want to control volume or
pressuré. If we choose to control volume, airway pressure will function/as the dependent variable (i.. we won't
be able to directly control it); if we choose to control pressure, tidal vofume will function as the dependent
variable. There is no right or wrong answer to this conundrum, but fhe general trend is that folks Wil use
volume control in most cases and pressure control with pediatrics’Y or when they are especjally concerned about
airway pressures. Not saying this is the best decision, just saying'that’s how it’s been dofie. /7 “og.,
The reason for this is twofold. First (and arguably most'relevant), the machirfes ter}gw default to
volume control mode unless you do something to intentionally get out of it (snotf as chooSe “infant” on the
patient type category). Second, volume control is a bit easier for someblﬁ) their heads around - it’s a
little more intuitive to think about set volumes and resultant pressures jpis%:gther way around. But as we
said above, there is no right or wrong; we can just as effectively and safely ventilate a baby in volume control as S/

we can an adult in pressure control (even though this is contrary to what we normally do), as long as we know ) ,_?w

the underlaying concepts and keep an eye on all the important things along the way!

Volume

/
In volume control (VC) ventilation we choose how muclrvolume we want to push down the circuit with / [N / N’

each breath delivered. This tidal volume that we put in goes lyfto the lungs, does its thing at the alveolar level, /
and then gets exhaled out of the circuit. When we say “tidal’ Yolume” we are referring to the air going into the \/3'1,
system from the machine; those other two concepts (alveofar tidal volume and exhaled tidal volume) vary from { '.)

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

few details of all these terms: 4 "1«“

\// '\L,

tidal volume w
oy
- - breathis
"’ um:h:ij:;B ’?D '!cd )
U4 }4 'HI

L

-——

!

fir-

exhaled tidal volume

alveolar tidal volume

|

—~—

M 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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But wait a second, isn’t the actual definition of tidal volume the amount of air moved during exhalation?
That is true. But! We have a specific term, in this context, for exhaled tidal volume and we need another term
for the value we dial in to the machine, so it helps us to ignore the literal definition and break those two
concepts up as we have just shown. And to review what we discussed previously about dead space, the alveolar
tidal volume is normally exhaled tidal volume minus anatomic dead space (which is 1/3 or .33 or 30% of 1idal
volume; 2ml/kg or 1ml/Ib; or 150ml-ish), so about two thirds of what we push.injo.the system.

Now what about those other kinds of dead space; mechanicab4nd alveoldss? As for mechanical dead
space: this value doesn’t actually alter volumes, rather it alters partial pressures of gasses within the volumes of
air in question. Which means we don’t have to worry about it for now. For this discussion, let’s keep it ;lmple:
we already know that we want to limit mechanical dead space as much as possible, but in the context of tidal
volumes and the physical amount of air moved during each breath we can ignore it. Alveolar dead space, on the
other hand, can only partially be ignored. We can ignore calculating a value for alveolar dead space, but we
need to take actions to address it just in case (and as we discussed before and will discuss later).

And what about that flexibility or stretch we mentioned in our discussion of dead space? We said then
that the vent circuit has some give to it that can confound our approximation of the amount of air delivered. We
factor that out by assessing volume by looking at exhaled tidal volume. To say it another way, when we want to
know how much air we are giving to our patient, we look at the air leaving the lungs (that actual, textbook
definition of tidal volume) and not at the air we push in from the machine, as there can be a notable difference
between the two. And in the event that exhaled tidal volume is not available on & particular machine, we just
have to assume that volume in (tidal volume) is equal to volume out (exhaled tidal volume).

To summarize all of this: VC ventilation allows us to control the amount of air we put into the vent
circuit. While we mostly care about exhaled tidal volume and alveolar tidal volume, dialing in a tidal volume
on the machine is the closest we can get to controlling those values. Tidal volume is a precursor to both exhaled
tidal volume and alveolar tidal volume and we should always make adjustments to the system using exhaled
tidal volume to eliminate the effect of mechanical dead space when we can. In addition, we need to remember
that alveolar tidal volume is about two thirds of exhaled tidal volume (factoring out anatomic dead space) and
that there may be some of that alveolar volume that doesn’t get to play gas exchange (alveolar dead space).
While this may have seemed like a bit of tangent, this is important! Qa/oﬁ/?

Next bit: when we dial in a tidal volume and move that air through the circuit to the lungs and alveoli,
the result is an increase in pressure that is dependent on the amount of air going in and how that air moves. For
now, we will defer a discussion of how we describe this air movement (i.e. its speed or flow and all that), just
know that pushing a preset volume in means that pressure changes happen as a result of that air movement and
that certain pressure changes (i.e. too much air too fast) can cause damage to the alveoli. Remember that
balloon example and how we said that the easier-stretch superpower was self-limiting? At a certain point we
can overinflate alveoli and we for sure want to avoid that.

So the way to do this with VC ventilation is to monitor your airway pressures and adjust the volume
input to avoid causing damage. We will get to the specifics as to how we do that eventually, for now it's OK to
leave it as s0: in VC ventilation we control the amount of air going into the circuit at the expense of control over
resultant pressures; that said, we always need to monitor airway pressures during VC ventilation in order to
avoid causing damage to the alveoli. In addition, VC ventilation lends itself to an overestimation of alveolar
tidal volume if we forget to factor in dead space.

* Andoga reminder bort7Of eSecorcepts-are MISTSGpd-frTOCHTOFE SETT T the Appenix
w J'\—g, ll"!--' \ld Wfbr-h-l: -31-
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Pressure

In the other corner of the arena we have pressure control (PC) ventilation. In this mode, a breath
happens as so: we have a dialed-in pressure, the machine spins up to maintain that pressure, the air all the way
from machine to alveoli equalize to this pressure for a set time, then the breath cycles off and we go back to
baseline. Because our input here is pressure, volume becomes our dependent variable (exhaled tidal volume,’
1o be exact; or textbook-defined tidal volume for the OCDers out there). Let’s draw it out and see if we can
make it a little clearer:

=] [=] [=] [=
machine machine ‘machine machine
machine spins up. machine holds
no pressure/ at machine drops ol no pressurc/ al
baselino sarts pushing air presct pressure for pressure and goes baseline, ready for
until goal predetermined back (o baseline round two!
pressure is amount of time
reached
a airways, lungs, pressure increasing recoil and airways, lungs,
} alveoli - all st airways, lungs lungs m":: o :::: exhalation alveoli - all
equalized to expanding 3 '"'::: equalized to
E baseline pressure 6-5 E- mac E baseline pressure
S 101 O 81
—_—r ! mm‘“ —_— —_— —_—
0 overcome that alveoli inflated, alveoli go back 1o
initial inflation #ls0 &l pressure baseline
hump from machine
- time >

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

One thing worth pointing out here is that in PC ventilation we don’t have to bother with considering that
flexibility or stretch that we discussed when we talked about dead space (i.e. the compliance of the vent circuit),
as the only way we have to measure volume is via exhaled tidal volume or what the patient breathes out (which
is downstream of all that flexing/ stretching nonsense). We do still need to consider anatomic and alveolar dead
space, just as we did with VC, but the stretch factor we introduce in our circuit is eliminated. This is a big
advantage of PC ventilation with small patients: forgetting to factor in 10ml (arbitrary number) in an adult is no
big deal, forgetting to do so in a neonate with tidal voJupres of 25ml is huge. We’ll discuss more later, but just
know that this is one advantage of pressure control. /

Another advantage of PC is that we avoid the fisk of over-inflation or high pressures at the alveolar
level. The highest pressure those alveoli will see is whatever value we preprogram into the machine.** So as

** And 1f a machine 1s capable of p control ventil it will almost surely have a mechanism for measuring exhaled tidal
volume, in the previous section we noted that some machines don't give us this value, but those machines tend to do volume control

ventilation only

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

<32

Rykerr Medical’s Vent Management Guide

long as we follow some basic guidelines as to what a safe pressure is, there’s not much risk of harm or
barotrauma. The downside is that we don’t have as good of control (compared to VC) over the amount or
volume of air that we are putting into the system, instead we have to continually monitor exhaled tidal Vblumes
and adjust to our goals.*’

To summarize: in PC ventilation we control the pressure put into the system at the expense of control
over resultant volumes; that said, we always need to monitor those volumes when we have a patient in PC mode
in order to avoid hyper or hypoventilation In addition, PC ventilation makes it a little more difficult to control
ventilation (as opposed to oxygenation, more or less referring to keeping the EtCO> within range — again, one of
those things we will get to later on), due to the breath to breath variability in volumes.

2 13‘, -)J s?

*7 Ashworth & friends, 2018 - Whnl we've said here 1s a bit of a simplification, but it serves our purpose for now - refer to this article
for & much more detailed discussion of how we can work towards our ventilation goals in PC ventilation
.33-
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Pressure Reghlaled Volume Control

Pressure regulated volume control (PRVC) is one attempt to get at the best of both
to this volume vs. pressure conundrum. In this mode we dial in a goal for tidal volume gxd put a cap on
pressure, then the machine tries to give breaths to the goal volume without exceeding € max pressure. The
machine makes adjustments to how it delivers each breath by looking at previous bregths and then adjusts flow
to add or take away volume working towards the preset TV goal.*® In the event that it can’t reach the goal

volume without exceeding the upper pressure limit, volume is sacrificed - think of the “pressure regulated” part
as a hard stop.

Let's visualize this over a few breaths to see what it would look like:

goal TV: 400ml
pressure cap: 30cmH;0
breath one breath three breath five
initial breath a little less flow a little more flow
25cmH,0 breathtwo 50 0.0 breath four  29cmH.0 breath six
300ml more flow 400m! same flow 400ml same flow
30cmH,;0 28cmH,0 29cmH,0
450m! 37%ml 400ml

#0000 08 do o

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

r

breath delivered

|

how does it compare to
goal?

v

not b vol

v

more flow next time

lume at goal;
no adjustment nceded

v

too much volume;
less flow next time

* Flow is discussed both in Reviews-Types of Breaths and in the Appendix

v
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This mechanism of decision-making one breath at a time doesn’t quite describe }hc process _accumely.
but it gives the right idea. In reality the machine looks back at the last few breaths (varies by machine) apd
builds a small data set from which it decides how to deliver the next breath. So the system is actually a little
more refined that our crude representation, which is a good thing!

To flush out a few more details on this PRVC concept, let’s look at another example of a few
consecutive breaths. In this example something is causing an increase in pressure to the system, therefore
breaths basically get cut short. The result of this would be a drop in minute volume or air moved per unit
time.*? It’s important to keep this in mind with PRVC, as we can inadvertently drop minute volume pretty
significantly in an effort to avoid high pressures.

goal TV: 400ml
pressure cap: 30cmH;0
breath one breath three
initial breath can't give more
25cmH;0 breathtwo 35,40 breath four
300m! more flow 325ml same flow
30cmH,0 30cmH,0 r—r——
325m] 325ml and on and with the result
that MV goes down

dododoch

A few more things about PRVC: “pressure cap” in a make-believe term — the machine most often uses
5cmH20 less than the set high-pressure linpit for this valuegThere are also limits on how much variation occurs
from one breath to the next; to say it andther way, the machine won't make crazy, drastic changes in response to
one or two funky breaths. Another thing: the machine has a system to get this whole process started by giving
“test breaths™ via different methods when it first gets set up — no need to worry about that here, that’s
homework for us depending on the system and machine we use in the field. Along that same idea, the machine
doesn’t actually know how much air (i.e. tidal volume) it gives with each breath until after the fact when it sees
the exhaled tidal volume, that’s why it can overshoot the goal. Last thing: PRVC is good when we are worried

about barotrauma or giving too much pressure, but it is important to make sure we keep an eye on minute
volume and match it to our calculated goal.

® Discussed in much more detail in justa few sections!
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Vent Parameters, Round One

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

Tidal Volume

Tidal volume per the textbooks is the amount or volume of air exhaled in a given breath. As previously
discussed, it sometimes helps to break this concept up in to two distinct terms: tidal volume and exhaled tidal
volume. Tidal volume, in this way of thinking, would be the volume of air we put into the system, while
exhaled tidal volume would be the volume of air that comes out of the system. Tidal volume may be notated as
TV or VT, exhaled tidal volume is notated at VTe. In this manual, we have mostly tried to abbreviate things
with initial letters of words if the term would be spelled out just to make things easier - this is just so you know
what things mean if you see it abbreviated elsewhere.

Tidal volume varies by the size of the patient and the normal range is 6-8ml/kg IBW. Recall the
discussion we already had about ideal body weight (IBW) and the idea that lung size is best correlated to height.
Also recognize that 6-8ml/kg IBW is just a framework from which we start when determining our initial
settings and that tidal volume can range from 4-10ml/kg IBW er-more, depending on the specific situation that
we are up against. Enough on that for now though, we will talk further on that when we get into ventilator
strategies,*’

We also previously mentioned the concept of alveolar tidal volume, but let's hold off on that one for
now, as we will discuss it in a later section in more detail. For now we will focus on tidal volume as two
distinct ideas (tidal volume and exha.lcd;lldal volume) with a normal range of 6-8ml/kg IBW.

\/

lﬂ?

# Davies & friends, 2016 - And these guys offer a much more in-depth discussion of this general 1dea
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Rate

Rate is equivalent to the idea of respiratory rate and describes how many breaths are delivered and/ or
taken in one minute of time. It is also known as frequency and may be abbreviated by “f.” You also may see
rate abbreviated as “RR” to stand for respiratory rate.*! Normal parameters vary by age, but the typical adult
rate is 12-20 and pediatric rates are as outlined on your Broselow Tape or by this chart from th¢PALS
Manual:**

w
PALS

Vital Signs in Children

Normal Heart Rates® (beats/min)

Age Awake Rate  Sleeping Rat
Neonate 100-208 00-160
Infant 100-180 90-160
Toddier 98-140 80-120
Preschooler £0-120 65-100
School -aged chid 75118 58-90
Adolescent 60-100 50-90

Systolic

{mm Hg)'
20.59

Bith (12 h <1000 g)

Brth (12 h, 3 kg) 60-76
Neonate (06 hy 6784
Infant (1-12 mo) 72-104
Toddier (1-2 y) 86-106

89-112
97-115

Proschocied (3-5 y)
School-aged chid 6-7 y)

Proadolescent (10-12 v) 102-120
Adolescent (12-18 ) 110131
I While respiratory rate may ically differ from frequency (i.e. patient's intrinsic rate versus overall rate), we've decided to

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

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

.37-
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For the dctml-oriemedff'éfut there, there are some data points missing from this PALS chart.
strategy would be to guess baé?i on available data (i.e. no listed rate for a 9-year-old, but you could ass

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

Age Description Age (yrs) RR
Infant .083 (1 month)-1 [ 30-53
Toddler 1-2 22-37
Preschooler 3-5 22-28
School-aged Child 6-7 18-25
Big Kiddos 8-9 17-25
Preadolescent 10-12 14-23
Adolescent 12-15 12-20
Adult 16 and up 12-20

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

Minute Volume P Py

Minute volume, also known as minute ventilation, is the amount of air moved in one full minute, It is

the product of tidal volume and rate: i
Ty whe Lot
MV=RR xTV il 3“1 > #

Minute volume/ minute ventilation can be abbreviated as “MV” or “VE" and is the primary mechanism
by which we control ventilation. We will discuss soon** how to manipulate both tidal volume and rate to
address ventilation in just a bit, so don’t worry about that for the moment. A normal MV for the adult patient is

often cited at 4 - 8 liters per minute, but we prefer to use a weight-based calculation so that it applies to all
patient sizes:**

MV = 100mlkg (IBW) /min

As with rate or frequency, there are times that we use a different MV goal with specific patient types,
but we will get to that later on. Last thing: just as with tidal volume, there can be different types of minute
volume. “Minute volume” or “minute ventilation” typically describes what we dial in to the machine, then we
tag “exhaled” on to either term (abbreviated MVe) to describe {h€ feedback the machine gives us about what the
patient breathes out, and lastly there is alveolar minute ventilation which takes out anatomic dead space from
the equation. While alveolar minute volume is an important concept to consider, we basgﬁg s and calculations

ifton!

* See Appendix for a discussion of how this chart was created

“ In our section on Ventilation (and EtCO2)

* Weingart, 2010, Yartsev, J1/| * « — These guys cite a goal MV for the intubated patient as 120ml/kg/min and 70-110mlkg/min,
respectively; we've opted to go with 100ml/kg/min as a starting point due 1o ease of calculations and simplicity ~thtsmumberw
hiety be-tweaked at some futuce-dete-as-moTe HATT BECOMMET TvaTbie-on-the-subrecr

/

’
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Fraction of Inspired Oxygen

Fraction of inspired oxygen, or FiOz, describes the amount of oxygen in the mix of gasses that we push
into the patient’s vent circuit when we give a breath. 100% oxygen would be an FiO; of 1.0, 21% oxygen or
ambient air would be an FiOz 0f 0.21. Adjusting FiO: is often the easiest way we can address an oxygenation
issue but, we'll discuss fixing things in just a little while. One thing worth mentioning at this point, however, is
the idea that too much oxygen can be a bad thing.* While it may be tempting to dial the FiO; up to 100% on all
patients, this isn’t always warranted and can cause harm to our patients if they don't need it. At the same time,
however, don't be skimpy: titrate FiO: to maintain an SpO;*” in the mid-to-high-90s. If there is good reason to
suspect that SpO; isn’t an appropriate measurement (such as with hemorrhage, CO exposure, etc.) or there is
another greater worry (baby in the belly of mommy, traumatic brain injury, etc.), we can just give 100%. And if
we are ever in doubt, we just give oxygen: most of the bad things take a longer time to cause damage and the
risk of giving a little bit extra in transport outweighs the risk.

/ / ',I.l
Positive End-Expiratory Pressure

Positive end-expiratory pressure (PEEP) describes the-pesitive pressure that remains in the alveoli at the
end of expiration. And let's recognize that we basically explained a term using the words it’s made up of, so
we'll try it another way via a few steps. During mechanical ventilation we push air into the alveoli on
inspiration, then that air moves out of the alveoli on expiration. We tend to conceptualize this (and have done
so in all the sketches so far) as a net zero movement of air where the alveoli go from deflated to inflated and

then back to deflated, as so:
m@m_ ! ! ctc... ! !

*“ Kallet & Branson, 2016 — Provides an excellent overview of both sides of the debate on whether or not too much oxygen is a thing
? And we will get into the details of SpO: in our section on Oxygenation (and Sp02)

= time
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Now the truth is that we can put pressure into the alveoli and then leave some of that pressure there to

hang out throughout exhalation. So rather than the alveolar air sac deflating all the way back to its original size,
it deflates only part way:

first inhale exhale next inhale etc...
L e e - —
PEEP
“stents™
this alveoli
open

2 time &

’

__f"‘_"*;—.ﬁ
Recall our previous discussion tﬁ%@ﬂrﬂi& the more inflated the alveoli are, the more
they can participate in gas exchange). Next, add to that the idea that blood flow though the pulmonary capillary
bed is continuous, it doesn’t stop when inhalation stops. This means that pulmonary respiration or gas
exchange across the alveolar membrane occurs throughout the respiratory cycle, both on inhale and exhale.

PEEP maximizes alveolar surface area during exhalation to make the exhalation-side of pulmonary mpiW

much more efficient

Another idea particularly relevant to this discussion of PEEP is that the “stenting” or opening-up of
alveoli doesn’t always happen in one breath as it’s been depicted in the above drawing. Sometimes it takes a
very long time to get from a that left-most, deflated stage to a “recruited” or opened-up stage. The reason for

this is that initial “hump” that we must overcome when starting the inflation process. Remember that picture
with the hand-holding surface tension molecules?

L
! ! Las Vb oo
Cb kﬂg:g..

-~
o

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

L i

Yo" PEEP (ScmH,0
sbove baseline)
this bascline represents:
0cmH;O (per the machine)
760mmHg (per the planet)

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

look at all this extra
time with increased |
| pressure into the system

| more pressure means
' more gas exchange

- pressure +

inhale exhale

Now this is not to say that gas exchange in 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 come up shortly in the section on Oxygenation (and Sp0;). The important thing to
note for now is that PEEP basically extends the gas exchange advantages of inspiration into the expiratory side
of the whole equation.

Let's next take a look at downsides of PEEP. Most relevant one 1o mention is that PEEP can decrease
blood return to the heart. Recall from a previous discussion that any increase in intrathoracic pressure can

* Kallet & Branson, 2016 - They explain that PEEP doesn't necessarily “open” the alveoli as we often hear it described, rather PEEP
stents the alveoli open after inspiratory pressure changes (or recruitment maneuvers) open them up

-4]-
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impede blood flow back to the heart (and see image reproduced below). Because of this, normal PEEPs are less

l:an ]!OcmHzO That said, we sometimes use PEEPs up to 20cmH,0 in specific cases and we will talk about
those later.

normal breathing
positive pressure ventilation
-ImmHg (-1 4cmH,0) +15-25mmHg
blood return AOK blood retum (potentially) ised @

Other negative consequences of PEEP vary widely from things like worsening hypoxia and increased
V/Q mismatch to decreased extra-thoracic organ function and decreased cerebral perfusion pressure.** That
said, the important thing to note is that these negative effécts typically manifest when the application of PEEP is
taken beyond the level o(ﬁgmﬁg@chncﬁt To phrase it a different way: use PEEP therapeutically, but don't
assume it is without consequences and be sure to utilize it judiciously. (And the specificsfor fiow we go about
that will be discussed shortly!)

We are getting closer to the end of our PEEP chat, but one more tidbij¢ before we move on. The idea of
“physiologic PEEP” and the oft-cited concept that all of us, at baseline, live’with 3-5ish cmH20 worth of PEEP
in our alveoli may have come up in the past. “But how does this work,” we may wonder, “when PEEP is a
positive pressure and we normally breathe by a negative pressure mechanism and with very small pressure
changes!?" The skinny of it is that it doesn't work; “physiologic PEEP" is not truly a thing. That said, there is
some credence to the idea that intubating a patient and/ or strapping & vent circuit to their face increases
resistance to the flow of air.*® But this is a whole ‘nuther animal and we’ll leave it alone for now.

¥ Coruh & Luks, 2014, Strong, 2013, Yartsev, 2019 - Refer to these sources for detailed explanations of all of those negative
consequences of PEEP )

%0 Sagana, 2019 - Provides a good overview of PEEP and how it affects the breathing process, also gets in to the 1dea of resistance,
something that comes much later for us in the section Compliance (and Resistance)
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Inspiratory Time (and I:E Ratio)

The next (and final, for now!) term to consider is inspiratory time, often referred to as “[-time.” [-time is
the amount of time over which we deliver a breath. A normal I-time varies by age as so:%! ¥ %

Age Description Age (yrs) I-time (s
Infant 083 (1 month)-1| 0.3-0.6
Toddler 1-2 04-09
Preschooler 3-5 05-09
School-aged Child 6-7 06-1.1
Big Kiddos 8-9 06-12
Preadolescent 10-12 0.7-1.4
Adolescent 12-15 08-1.7
Adult 16 and up 08-17

We've already mentioned that during positive pressure ventilation the more time we spend pushing air
into system, the more oxygen gets moved into the bloodstream. This means that more time spent on the
inspiration side of the breath cycle (vs. exhalation) equals better oxygenation. With that in mind, the most
intuitive way to increase time spent at inspiration would be to lengthen the I-time. If we do that, however, we
have to accommodate by decreasing time spent at expiration or by decreasing rate. Consider seventeen breaths
over one minute of time:

60s +17 breaths = 3.5 seconds per breath
-&1.S seconde-per-eeeh-inoutcucle

\f“in" or inspiration = 1.0 seconds,
then “out” or exhalation = 3.5 seconds — 1.0 seconds
“out” or exhalation = 2.5 seconds

f we lengthen inspiratory time to 1.5 seconds:
xhalation time = 3.5 seconds - 1.5 seconds
= 2.0 seconds

We oﬁm@l this ratio between [-time and expiration time as an “I:E ratio” to r@m the
amount of time Spent at inspiration 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 L:E ratio for the above examples:

k«. the first example, we have 1.0s : 2.5s, so our I:E ratio is 1:2.5
\n the second example, we lengthened out inspiratory time to 1.5s;

So we now have 1.5s: 2.0s
\(e (almost) always write out I:E Ra(ios with “1” as the first number,

* See Appendix for how we got all these numbers

%1 Ashworth & friends, 2018 — There is a term called “time constant” in PC ventilation that we can use to quantify an appropnate I-

:Lmu. but this 1sn't routinely available in the transport settings and we still need a value to initiate ventilation with when we first get
ings rolling

* lyer & Holets, 2016 — We cite this p later in the Appendix (Vent Waveforms), but relevant to this discussion it does

describe that longer I-times may be indicated for patients vented with a “decelerating waveform patter” - in the transport setting this is

most commonly patients in PC ventilation (and we wall discuss this vanability in types of breaths in the very next section)
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3 we need to simplify the ratio
Sttt divide both sides by the first number: 2= : 22

157158
YAnd solve for our new | E ratio of 1'133 Let's take a few minutes to discuss an image we presented towards the beginning of this manual  The
idea here is that we want to explain in a little more detail each of the following types of breaths depicted below

Types of Breaths

So to bnng 1t back home we had a rate of 17 and an [-time of 1.0 with a resultant LE ratio of 1:2.5. We
wanted 10 increase time spent at inspiration, so we changed our I-time to 1.5 and ended up with an LE of 11133 Toomiaraois  Kasalvohmma | Astal preswere | Prossure supoort
For now we don’t have to worry about the significance of these numbers, we just need to understand the math, pems Y A, T
how we get to these numbers, and the terminology associated with them. Let's try another example, but this !q

f
/

nme we will adjust rate instead of I-ume J l
Per above: rate of 17, I-time 1.0s = I Eof 1.2.5 / N

Now Iet'smcmowmem:ﬂandmcalculmthclENno . ] [\
60s + 20 breaths = 3 seconds per breath Fow Y

/

A “in” or inspiration = 1 0 seconds, then “out” or exhalation = 3.0 seconds — 1.0 seconds

/ v Y
fore “out” or exhalation = 2.0 seconds *\ /\ //k .
/ / \
In this example, we now have 1.0s - 2.0s, so our 'E Ratio is 1:2.0 voteme = - = = -

D

Now let's shorten our I-time to 0 8s and see what happens

¥ “in" or inspiration = 0 § seconds, then “out” or exhalation = 3.0 seconds - 0.8 seconds There are three waveforms depicted for each type of breath, but our focus for now 15 on the first two
Therefore “out” or exhalation = 2.2 seconds rows: pressure and flow, each depicted over time. We sometimes hear these depictions of vent function
descripted as “scalars,” as in a “pressure time scalar or “flow time scalar.” The image above shows ideal
Now we have 0.8 .22 scalar waveforms, real ones as produced by a vent may vary someone and will be less clean-cut than these guys.
Bm\usemﬂsdtorlnkeﬂusanlE}th'= ath “1™ as the first number- -‘V- : But enough on that for now, let’s talk about each of these things (pressure and flow) first
:_:"'i':'” 5 ‘w’}—‘, Pressure is measured by the machine somewhere between the ETT and the wye where the inhalaton

side of the circuit splits off from the exhalation side of the circuit.*
And let’s summanze this all one more time and make a few generalizations: we can shorten our |.E rano

by either increasing l-time or increasing rate; we can lengthen our |.E ratio by decreasing I-time or decreasing \

rate A shorter | E ratio means less time (in relation to the whole in‘out cycle) spent on exhalation, a longer or \

lengthened | E ratio means more time for exhalation. We will retum to this concept later when we get to

\enniuorsumcglesbmknowuasomepnnemsanbmeﬁlfromastr1Eranomdoﬂ:crcanbcneﬁtfmm m:ﬁ:mmm - Aty o osenme o o o sk
alonger | E ratio, so it is tmportant to know which changes affect the LE ratio in which direction. ‘:“Mmm"“‘“ from interfering with measurements)

pressures get measured realize that all of the mechamcal dead space sl sits
somewhere in this space  detween the ideal spot and the (most likely) actual spot

where pressures get measured - this is generally OK Sor-
stales (end N iy and

t also allows us 1o visualize how these equipment things
are interfering with the delivery of ar

* Hess, 2014 - Provides an awful lot of information on pressure support breaths, which we cover briefly in this section
-4 - ~45.
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The final thing to mention here is how PC and PS breaths differ. While both are given via a decelerating
waveform pattern, the mechanism by which flow is initiated and terminated changes things. No need for us to
get into the details on this, just know that a PC breath 1s designed to deliver a full breath even with no patient
effort, whereas a PS breath is designed to simply relieve some effort of breathing on the front end of a breath.
Because of this difference a comparable titration of pressure (i.e. a change of SemH:O to both PC and PS) may
result in different changes of volume in the very same patient. But the mechanism as to how exactly that
happens is beyond the scope of this discussion, we'll readdress it later on down the line.

4

b o, 70
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Three Big Things

There are three super duper important things that ;iegdfd be monitored and addressed for all ventilated
patients, hands down and no matter what. The order/wé discuss them here is totally arbitrary, they all hold

Rykerr Medical’s Vent Management Guide

Y \;'L/l‘
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equal weight and are interrelated. The discussions that follow are in general terms and not specific to certain
pathologies or patient types, that sort of stuff will come soon.

Oxygenation (and SpOz)

area of lower concentration. So in this baseline example, we can conclude that oxygen will move from the

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

ambient air:
PO: = 160mmHg

st the alveoli:
POs = 100mmHg
N | 1
P 7 oy
N POs = 40mmHg

We also mentioned that gasses will diffuse from areas of high concentration (higher partial pressures) to

ambient air, to the alveoli and then in to the pulmonary capillaries. The first way that we can speed this process

up is by changing the partial pressure of oxygen at the start of the system. Instead of 21% of the gas mix or

160mmHg of oxygen, we can titrate that all the way up to 100% (FiOz 1.0) or 760mmHg. This will increase the
te at which oxygen diffuses to the alveoli, resulting in a higher partial pressure of oxygen downstream and,

subsequently, faster diffusion into the blood stream:

P
i

.48 -

r¥ pael

100% oxygen going in:
PO: = 760mmHg

at the alveoli:
PO, = 663mmHg
\d
v p y capillanies:
i PO: = 40mmHg

b

F\I a f--{lr.i "j—f

1ok

f» A
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Another thing to mention is that the pressures we “see” or measure don't reflect pressures at the alveoli
or terminal ends of the airway, they represent what's going on outside of the patient’s body. That said, we can
manipulate the system to approximate alveol pressures and we will discuss how to do that later. So the
waveform that shows pressure over time gives us a visual representation of how pressure changes at the mouth

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

regulated volume control
side of the system as we deliver a breath. And we already talked about how pressure is measured (in terms of / * } \ ﬁ
units), so we are good in this general idea for now y/ , P“KJ‘T | l

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

e e —— -

N |

other parts can parts like this that are flow is produced ata
* obstruct flow or uniform and smooth predetermined/ calculated
cause turbulence  don't mess with flow oo quantity by the machine
in the movement  much, air can basically
of air pass by uninhabited and
maintains its momentum

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

3 Hess, 2014 - In addition to describing how this process works, he also discusses in great detail a number of the other concepts that
we cover soon — it’s worth coming back to his paper after getting through this manual to see what he has to say
46 -
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Now that we are set on the basics of pressure (as measured in the system) and flow (as produced by 'c
machine), let’s look at a few of these waveforms again and see how we can deliver breaths in different ways. '

sist volume Assist pressure Pressure suppon
control control and ventilation

f‘{.‘, mE |
T

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

And let’s follow this up with a series of sequential facts: There are some machines nowadays that can
give VC breaths via a decelerating pattern, but those aren't commonly used in the transport setting. That means

we can generally lump these pes of breaths in to two groups, volume/ square wave flow and pressure/
decelerating flow. Unless in VC and SIMV, we ventilate patients with one type of breath at a time. In
0 give

very general terms: the decelerating ¢ a more comfortable for patients but take longer to deliver
(i.e. not ideal when we n breaths fasgptfow lots of time for exhalation).*?

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

-~

L additive:
. PC or PS = 15cmH,0
cumulative:
SemH,0PEEP | [ pC or PS = 20emH;0
time >

3 Our labels differ shightly from those in the image, but we'll hash all of this out soon, so no wormes
57 RT Staff, 2012 — Amongst many other fun things, these guys explain how pressure/ decelerating pattern may be best for ARDS
patients and volume/ square wave may be best for bronchospasm
% Ashworth & friends, 2018 - We cited this same article in the previous section also, lots of good information here!
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Let’s recap this bit and do some math: PO; at the alveoli on ambient air 15 160mmHg, PO; at 100%
oxygen is 663mmHg. To quantify the result of this difference let's apply Fick's Law:*

V= (Py=P3)xAreaxD
) ) Thickness
V = rate of gas diffusion across a membrane (i.e. alveolar membrane)

P = ingoing pressure (i.e. at the alveoli)
P: = pressure at other side (i.e. in the blood)
Area = self-explanatory...

D = diffusion constant
Thickness = also self-explanatory ...

AreaxD . )
‘(Tmum 1s constant and we call it “k,
we end up with the following:
V=P -P)xk

“And let's add in some numbers for the ambient air and 100% oxygen situations:
Vambeent ar = (100 — 40) x k
=60k

V1008 oxygen = (663 —40) x k
=623k

need to increase the diffusion of gAs across the alveolar membrane, FiO; is a heck of
The holdup is when other factors in the equation (area and thickness) are the pri
to augment this strategy with other techniques.

On gt no
the same mechanism,
an increase in FiOy:

/ofuh
(compared to 100mmHg at
bascline’ ambient air)
SemH;0 of PEEP added
(and ambient air or F10; 0.21) )
PO: = |64mmHg ol the alveoli:
PO: = 101mmHg
SN y capll
i PO: = 40mmHg

% Desai, 2012 - Best ever explanation of this concept courtesy of Kahn Academy
-50-

issue, then we may need

e next way we can increase oxygenation is via PEEP. Now PEEP doesn’t quite work by
the addition of PEEP doesn't much change the partial pressure situation as we saw with

s
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Instead, PEEP facilitates oxygenation by imnngﬂ\@llﬂfmwd‘&tmding gas exchange
into the exhalation side of the breath,) We discussed that first concept back in the section on Alveolar Surface

// Area and the second one just a moment ago in the section on Positive End-Expiratory Pressure, so no need to
" redoall of that here. One more mechanism by which PEEP helps oxygenation is that it cleans up the alveolar
l %4 & Omembrane. in a sense, by pushing out or displacing fluid t accumulates there. Think of it this way:

i ore

v v
E E
before + £
* g‘
> blood 3
——\/—_ —
 blood 3
',,f ae 3 blood 3
oF/O~ ~—
"’ol 705 '4 So we have three ways that PEEP helps with oxygenation: it increases the surface area of the alveoli, it
Ik "‘/4 extends gas exchange into the respirgtory side of the breath, and it helps to physically displace fluid from the

alveoli:

ke

|. arows emanating from alveoli = increased size/ more surface area
2. no smoking X on fluid = displacerent of all that stuff
of gas exch nto

~a

halation side

3. stretch/ space di -

Just a quick recap before pressing on: assuming ventilation and comfort are adequate (see next sections),
initial steps to fix oxygenation are increasing FiO; and then adding PEEP. While it is totally OK to use a
stepwise approach that titrates both FiO; and PEEP in line with one another,”* recognize that FiO; is your most
direct fix for improving partial pressure of oxygen at the alveoli and has very few consequences in the-acuE
setting. PEEP is especially helpful in increasing alveolar surface area and driving fluid out of the lungs, but

% We'll touch a bit more on this subject in the section ogeiewte-beag-lejury/ ARDS later on
Al 8t

"‘.“0‘ (‘(m p,
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may decre way of a drop in preload to the heart. And lastly, both of these techniques (FiO: and
PEEP) improve-0xygenation throughout the respiratory cycle.

The next logical step in this discussion is to consider what happens during inhalation. Changes to both
Fi0: and PEEP affect oxygenation throughout the respiratory cycle, that is both on inhalation and exhalation,

—BuyiThoSTof our oxygenation happens during inspiration. Here's a comparison of what pressures and alveolar

shipe'would look like with an FiO; of .21 (ambient air) and no PEEP, both at baseline/ on exhalation (left) and
on inspiration (nght). We'll use an arbitrary added pressure of 20cmH:0 or 15ish mmHg:

, o ¥ ot
v /p’f \ﬁ““":‘w et
160mmHg 175mmHg
! ! 100mmHg 103mmHg
—_— _—
O“O TN 0mmig = dommig

Note both the greater pressure difference between alveoli and capillary as well as changes to the alveolar
surface (more of it and thinner) during inspiration. This leads us to conclude that more time spent at inspiration
furthermaximizes oxygenation, therefore strategy number three to maximize oxygenation is to increase the I-
time to%ke use of this piece of knowledge.*' If we extend I-time long enough, it will eventually become
longer thap exhalation and we end up with an “inverted L.E ratio” that might be written as 2:1. We previously
stated W that we “always” express an I'E ratio with a “1" as the first number, but we lied - the exception to
that rule is when we have an inverted |.E ratio. Let’s amend that previous rule to say that one of numbers in the
ratio needs to be “1" and that it is always the first (inspiratory) number except in cases where we have an
inverted | E ratio.

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

“Now why,” we might ask, “do we not e lungs up with 100% oxygen and keep them inflated —
we'd have a forever-long maximum diffusion of oxygenation into the blood stream, right?” There are two
reasons for this. One is that we don’t want to drop preload or blood return to the heart indefinitely (as discussed
above). Two is that it isn’t all about oxygen — we also have to consider its partner in crime, carbon dioxide.
Carbon dioxide 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 partially dependent on movement of the body of air in which it
hangs out. And that leads us into our next section on ventilation, but a few more things to cover before we get
there

Recall back to our previous discussions of both the hypoxic vasoconstrictive response and alveolar dead
space. There are times where we are getting oxygen into the system just right, but components inside the
system are out of whack and that oxygen is not being put to good use. One thing we, as clinicians, sometimes

' While we could also make the argument that gong up on RR increases the amount of ime spent on inspiration, doing so also
impacts ventilation (next section) so we generally don’t consider RR one of the vanables by which we control oxygenation
<82,
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do to exacerbate this “things out of whack” concept is lay our patients flat. Unless you have good reason to do
50, all vented patients should have their head of bed elevated somewhat. € And backboards (if you are still
using those archaic torture devices!) are no excuse, just prop the whole head end up with something to get a
comparable effect. The reason why we elevate the head of bed to improve oxygenation is multifaceted, but it
has a fair amount to do with gravity and is beyond the scope of this discussion.”’

One more thing to consider is how we measure oxygenation. Our standard tool in the field is pulse
oximetry or SpO;. SpO: uses infrared to “see” to what extent our hemoglobin is saturated with oxygen (or
oxygen-like things, but we won't worry about the tricky parts here). The process here goes like so: oxygen gets
10 the alveoli, it crosses into the blood stream via diffusion gradients of gas, then once in the bloodstream it gets
picked up by hemoglobin (Hgb) for a ride down the blood vessel. Let's dm; M?Ioading bitsout forTIOW:

lr( L L.
. o7 '0
axygenation
_/\——
l e, T
—_—
Ojftom  ambient air io lunga hungs (alveoli) 1o blood I bload to celts of the body
imsert the Hbg onlosding step here!
0 < O
+ - |
- ~

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

Do note that Hgb, for the most part, doesn’t cruise freely through the vessels, it comes attached to red
blood cells (lots and lots of Hgb per each RBC), but the four seats per Hgb is a fair description. Also consider
that we measure this saturation peripherally (hence the “p” in SpO2 versus an Sa0; for “artenial” or an SvO; for
“venous”). This means that if blood isn't getting to the periphery where we have our little probe attached,
numbers may not be accurate (and one way around this is to always confirm a good qualitative waveform before
believing a quantitative value the machine gives you).

2 Spooner & friends, 2014 - This prospective study provides evidence for head of bed elevation in all ventilated patients (except as
contraindicated)
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One last summary before moving on from oxygenation. Oxygenation is one of these three super duper
important things. We measure it via SpO;, which tells us how filled up with oxygen the Hbg (attached to
RBCs) in the blood are as they move past wherever we have attached the SpO; probe. To get a better number
(or improve oxygenation) by moving numbers on the vent interface, we have three options (and we typically do
them in this order): increase FiO,, add PEEP, lengthen the I-time. All that said, let’s not forget the basics:

position your patient appropriately and make sure ventilation (i.e. adequate MV) and comfort are addressed
simultaneously (see next section).

L
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Ventilation (and EtCO;)

Next super duper important thing is ventilation. Ventilation refers to the movement of air in and out of
the system as we deliver breaths and allow exhalation. As discussed before, this is vitally important for the
movement out of carbon dioxide. Too much carbon dioxide hanging out in the lungs with no escape is bad
news, 50 we can’t just focus on getting oxygen in. So how do we know if we are moving enough air for a given
patient? There are two strategies here and we will discuss them both in turn: calculated minute volume and
end-tidal carbon dioxide (EtCOy).

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

MV = 100ml/kg (IBW) /min

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

Concurrently, we can also use EtCO; to monitor ventilation. When the body uses up oxygen at the
tissue level it kicks back CO: into the blood stream. carbon dioxide then makes its way up to the lungs
where it passes into the alveoli and then is exhaled o6t It looks about opposite to our previous sketch showing
how oxygen moves through the system:

cxion i
= 65
_— AN
( ) L —
ot it Mont e s A

So the value we get on our quantitative EtCO2 reading is a function of all of these factors, It gets a bit
complicated and has been deferred to the Appgndix, but the standard approach to managing ventilation with
EtCO; is to use a base range and then adjust mlinute volume (which is a function of both RR and TV) to get the
quantitative value within that acceptable range. Normal range for EtCO; is 35-45SmmHg; values above range

 And we discussed where this number comes from previously, in the sectior ftled Minute Volume
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require an increase in MV to “blow off” more carbon dioxide, values below range need you to read the next
paragraph carefully )

, A low EtCO; can be caused by a few different things, one of which is hyperventilation or t0o much
ventilation. This can be detrimental to a patient, as an atkalotic state (due to this respiratory alkalosis) can
throw off the patient’s homeostasis and lead to some bad stuff. In this‘case, it’d make sense to decrease MV (by
lowering either RR or TV) to get the EtCO; (and therefore ventilation) back to normal. All that said, a low
EtCO: could also be due to a breakdown somewhere else in the system (i.e. at any of those yellow lines in the
previous drawing). For example, if perfusion is no good we may see a low EtCO: even though the issue is not
necessarily a ventilation problem. In this case we could kill the patient by “chasing” their EtCO; or dropping
MV to an unsustainable level.

We can navigate this whole situation by managing ventilation by looking at both minute volume and
EtCO; instead of just E{CO: by itself. There are times when we will be a bit off with MV and others when our
goal range for EtCO; varies, but this system of dual parameters to evaluate ventilation is a safety check to
temind us of all the factors that go in to ventilation. So to summarize: we measure ventilation using both a
calculated MV goal and EtCO. MV goal is 100mU/kg/min; normal EXCO; is 35-45mmHg.

Comfort

comfort.® If your patient is not comfortable, he or s 1 be “fighting the vent” or “out of synch” and the
therapeutic effects that we want to achieve will be difficult to attain. This asynchrony can also lead to
increased airway pressures which leads to more problems downstream. And one more thing: it's kind of rude to
shove a big plastic tube down someone’s throat, take over their respiratory function in a way that goes opposite
to normal physiology and then load them up inside a small flying box with people crowded all around and lots
of noise, vibration, weird lights, etc. So let’s be nice people and keep our patient’s feelings in mind.

We won't spend too much time on this subject of pharmacology, as the main focus here is on
manipulating the vent itself, but recognize that analgesia and sedation are two different things and that we need
to treat them both. Also recognize that paralysis should be a last resort for nearly all ventilated patients, as it
prevents us from actually assessing and evaluating our patients. And on that same note: while do want our
patients to be comfortable, this doesn’t mean that we “snow” them all or take away any inherent respiratory
effort in order to achieve this goal. There is benefit to ventilated patients making some intrinsic respiratory
effort and we like to maintain that whenever possible %

The third super duper important parameter that rf(u:d to consider with vent management is patient

* Rustam & friends, 2018 - This article is a lit review of lots of different papers on comfort in mech lly lated p while
much of this stuff might be hard to relate to a patient we intubate in the field on ascene call, lots of it can translate to the interfacility
transfer side of things

* Mauri & friends, 2017, Hedenstiemna, 2005 ~ The first reference discusses how to navigate the benefits of spontaneous breathing in
the vented patient with potential consequences, the second one focuses on something completely different (patient positioning,
particulerly prone positioning), but by way of that argument discusses all the benefits of spontaneous breaths versus delivered ones
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When we manage comfort it is important to have a strategy for quantifying the idea so that we can gauge
the efficacy of our interventions. Many agencies recommend scales or tools to use and here are some examples:

CTER
JAdult Nonverbal Pain Scale (NVPS)
Category 0 1 2
Face No partioular expresaion Qrimaca, Fraquent grimace, lsaring,
oF wmile, oaring. trowning, frowning, wrinkled
wrinkied forehead rehead
rctnity (movement) Ly\ng quietly, normal Seeking aftention Mrough Restiens, excesaive activity]
postion. mavement of slow, Aand/or wthdrawal
fuarang Lying quietyy Spint X
s ying o areas of the % N
positioning of hands aver .n:' oo P
reas of ihe body
P rywology (vial migne) Baseine vital signs Changs many of ihe Crangs o wny of ha
unchanges faowng o oeng
o SBP > 20 mm Hy ® SBP 30 mm g
o Hi . /min @ HR - 28/min
Respiratory Baseline RR/Sp0, RA - 10 above baselne. o RR 20 above bassine, o
SyNCONOUS with 5% decrease Sp0,. or 10% cecrsase SpO;, o
ventisior mild asynchiony with ‘severs aaynchrony with
ventiator ventiator

o Outren. M. Wagan. O Frasmna N. Sisturey A § ngresd G G008
Care Murwrg 220 a3

Rich 1 Agitation-Sedation Scale (RASS)

Score  Term DnuiElln

oy Combative Onertly combany ¢, violent, inimediate danger (o stafl
+3 Very agnated Taulls or remon o tubets) or catheters), aggressive
-2 \pitaked Frequent nonpurposed ul nos cosnt, lights ventilatos
«l Reatless Anxioes but movcrments sl aggrossively vigorous
0 Alert and calim
1 Drom sy Nt Filly alert bt s sumLaaned aw akening
ftye opeiMng eye conlact ) 10 voucr (2 10 sty ) Verbal
2 Light sedation Unelly awakens 10 vewe with eye contact (<10 seconds ) Stimulation
3 Modurake sedation Mo caenit or ey opening 10 wice (bt 0o eye vontact) J
4 Dep sadaton oo respomse 10 vowe bt imovenient of ©ye openug
to phymcal sumulation » S:'\"H:rlm
5 1 narousable No respomse 1o vorce of phsecal simulation

Relevant story to put this in context: when some of us were first taught GCS, we might remember it
being put more or less like so, “GCS is one of those things that nurses like to hear on radio reports and that
supervisors like to see on charts, so even though we generally don't calculate a GCS in the field, it is important
to sort out before you get to the hospital and before you submit your chart.” Sedation scales are not those types
of things, they actually help in real time are not simply another box to check to avoid a nit-picky peer review
from a colleague. With that said, it's also OK to recognize that putting someone on the vent involves a lot of
steps and other important things and so it is alright (opinion alert!) to have an initial, preplanned strategy for
first round of sedation and analgesia, and then pull out a sedation scale reference card once we are sailin,
smoothly and work through it checklist-style with our er. ﬁv.q, n

), Let’s imagine a hypothetical scenario to getﬁ(hme details on this: we pick up a vented gu§ from a
hospital, b€'s obviously uncomfortable and out of synch with the vent, we address ventilation arfd oxygenation
(per prior discussions) and then give our preplanned analgesia/ sedation combo and are on our way. Now we
are cruising along, referring back to our chosen sedation scale reference card to find that our patient is
becoming more uncomfortable - what do we do? Most obvious is pharmacologic intervention, that's often what
=56 -
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we reach to first and is a totally acceptable move. But there are other things we can do on the machine that may
not have the negative consequences/ adverse effects that the drugs do.

One parameter that we've discussed previously is I-time — occasionally a minor adjustment here can
make a patient feel more comfortable. Not sure there's any evidence on this beyond the anecdotal, but as long
as we aren’t making large adjustments that impact other values, we should be good to experiment here.
Switching modes may also help in this situation. We’ll mentioned this already, but breaths are delivered
differently in different modes and sometimes one may feel better to the patient for whatever reason. And lastly
we can consider adjusting our triggers to make it easier for the patient to take a breath when he or she wants -
more on that to come

So last summary here and we'll include all three of these super duper important parameters that we need
to address on all of our patients, hands down and no matter what. Comfort should be assessed using an actual
scoring tool and can be fixed with both drugs and vent manipulatiogs. Oxygenation is measured by SpO: and
gets fixed by increasing FiOz, adding PEEP, and lengthening l,hk I-time. Ventilation is evaluated by looking at
MV (comparing it to a caleulated goal) and E1CQ;, we make adjustents to RR and TV to manage ventilation;
increase TV and then RR to increase M'tlﬂe’cluse RR and then TV to decrease MV.

l_/yﬂ‘ .
WM rerfps
od e Yo
-)If /]%’/ ’
Vfingy o

Rykerr Medical’s Vent Management Guide

g 7
b XA oty

-57-



Return to Contents

Vent Parameters, Round Two

This next section discusses a few more vent parameters that we measure after the initial setup of taking over
of a vented patient. They are considered separately than the other values previously discu :
dependent on other things - we can't typically dial them into the machine, but rather we
how things are coming along with the values we were able to control. To help clarify the:
interrelated, let’s refer back to an image we previously discussed. It shows pressure we
time as a breath is delivered in volume control ventilation:

t into the system over

time 2

- pressure +

We previously used this graphic to demonstrate a few concepts in general, but it is now worth
mentioning that this waveform and the two subsequent concepts (peak inspiratory pressure and plateau
pressure) apply to volume control ventilation. Let's first get things dialed in for volume control ventilation and
then we'll talk about how these concepts carry over into pressure control ventilation.

Peak Inspiratory Pressure®’

PIP

e

£
Elﬁmc-i

Peak Inspiratory Pressure (PIP) is the highest point on this waveform. [t represents the maximum
pressure as we deliver a breath into the system. It is also known as “peak pressure” (Ppeak). PIP is a function
of both how we deliver a breath via the machine and how easily that breath can get from the machine down to
the alveoli. A normal PIP is <35cmHz0. A PIP that is too{igh generally won't cause significant damage to the

patient, but it likely indicates something gone wrong in thq system. This is particularly relevant when we have

7 Nickson, 2019b - Short article that provides another good m:ﬁfbotjrﬂ]’ (this subsection) and Pplat (next subsection)
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a normal PIP that then become elevated — in these cases it is important 10 seek out the cause and fix the
underlying issue
On the machine end, PIP is the result of flow, which (if you recall from our section on Types of
Breaths) essentially describes how fast we push air to achieve a breath. We generally don't manipulate flow
directly on transport ventilators, so to decrease PIP by pushing buttons and dialing things on the machine you
have to make things happen in a roundabout way. Which isn't ideal and it gets complicated and the truth of it
all is that most of the PIP issues we face are due to pathophysiology or equipment issues, so let’s just skip right
on ahead to how we can decrease PIP via other mechanisms outside of the vent itself.** i
Causes of an elevated PIP would be seczetions-in-the-atrway-andLor ETT teasion-pneumothorax,
., o+ _don'texpand like wewantthem tg) Any time we see a high cause. Once
-7 V e that cause is identified, then we can decide whether or noW‘p j ed. For example, a high PIP due to
e‘i n secretions should get suction and a high PIP due toa Mmm-amm on the other hand,
a high PIP due to a small ETT may be acceptable. The PIP in this case represents pressure at the ETT and not
the patient’s anatomy (i.e. alveoli), so we may decide to leave it alone (especially is there is good reason for that
small ETT, such as airway swelling).
/ Another consideration here is patient comfort and the idea of laminar flow. Without getting too far into
.” the weeds on this, recognize that air can move freely and efficiently through a uniform pipe or tube, but with
movement or disruption to that tube airflow will be less uniform and more chaotic and will result in higher
pressures. Keeping our patient comfortable and in synch with the vent leads to more uniform (i.e. efficient) air

movement and lower PIPs. Morale here: make sure your vented patient is comfortable. And if you notice an
incregse-fi PIP, comfort ought t i i 4

v

" To measure PIP we simply need to look at the vent display. Most machines will either give you the

" value of PIP or show a little barometer of sorts that fluctuates with each breath — PIP is always the highest value
that comes up during a breath. Another way to keep an eye on PIP is by setting an alarm so that machine yells
at you when a certain pressure is reached. This is similar to the idea of setting your SpO; alarm during an RSI
5o that the monitor alarms when your patient desats and you know to stop the attempt and reoxygenate the
patient That said, there is one critical difference with a high pressure alarm on the vent: yes it will tell you that
the pressure has gotten too high, but it will likely (depending on model) also cycle off the breath it is giving in
response to that high pressure alarm. This can potentially kill your patient and we will get in to that a bit more
later on.*” (™

So in summary, PIP represents the maximum pressure recorded as a breath is delivered by the machine,

A normal value is <3¢mrgH:0 and we measure it by looking at the feedback on the vent interface. Potential
causes include too muctr air, too much flow, small ETT, kinked ETT, patient discomfort, secretions,
pneumothorax, mainstem ETT placement, bronchospasm and decreased compliance. While there are subtle
ways to address PIP on the vent, interventions should focus instead on airway issues and comfort.

nf th

vy ¢

[/

¥ But for the curious folk out there: in VC flow is detérmine algonithmically from TV and I-time; in PC it is a function of pressure and
I-time; with PS breaths 1t is & function of “rise profile™ which we will discuss in the Appendix
® Conveniently enough, thus is in the section on Alarms [Z
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Plateau Pressure

» make that we just add them on to our reassessment of vital signs (so every 5-15 minutes, depending on the
D oh X’ 5 J, prograntf'patient acuity). While that may be overkill, it’s better to measure too much than to miss things due to
Pplat N\)' 1P 1/ W8 ¢ not checking often enough. At a minimum, Pplat should be measured after any increase in TV to make sure that
/ = ;/) we don’t cause alveolar damage (and this includes after first putting the patient on the vent).

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

T ventilation. A normal value is <30cmH.0 and we measure it by performing an inspiratory hold maneuver.
A g While there is no bottom limit to Pplat, it is important to recognize that we want to fill the lung and alveoli up
E with each breath delivered, so be wary of a super low Pplat and consider inadequate TV (and subsequently
2 MV). High Pplat can be caused by too much TV, pneumo, decreased compliance, restriction to chest wall
| time < / expansio@d mainstem intubation.
S/ we 'l Q/ N‘h' ‘ ,rt"
Plateau pressure (Pplat) is the pressure in thg/System once the lungs fill with air and essentially holds its \ ¢ )‘, / Abw ' l; "\tl ~ !
breath until the breath cycles off. It represents the'pressure at the alveoli during gas exchange or pulimonary —— NI' T ey / ‘“ ) ] \' v,
respiration. A normal Pplat is less than 30cm H:0. Values higher than that can lead to direct damage to the 7 (rb:‘ 7.0 Vagt
alveoli which can subsequently cause issues with the whole respiratory process. There is no “too low” for Pplat s 1 fe A 50 +\" f J
but recognize that lungs that aren’t being filled all the way (i.¢. a low Pplat) may not be maximizing the surface *\ﬂ ¢ }\l‘ e !
area of alveoli and therefore oxygenation may not be at its best. And we will discuss this concept here in just a ? ' Y \_'d‘,‘ \"‘ {
moment. =, getict .
The primary cause of a high Pplat at the start of ventilation is too much tidal volume. That said, itcan 7 W, 7
also be present or develop over time due to decreased compliance, pneumothorax, mainstem migration, and
inhibition of chest wall expansion (such as in burns). If we get & high Pplat, it is worth considering these other 7
causes (and addressing them appropriately!) before dialing down TV, as we don’t want to give up lung ﬁ/ L Jeel
unnecessarily.” We do, however, want to avoid a sustained high Pplat over many breaths, as that will likely ) fl
lead to damage at the alveolar level.
Measurinﬂg:?plm is little less direct that measuring a PIP and involves what we call a “maneuver,”
There are two maheuvers that we will discuss and this is the first of them. While we could theoretically watch
the barometer on the machine and wait for that point during inspiration where pressure stays constant for a short
spell, that amount of time is quite short and this is logistically difficult to accomplish. The workaround is to
prolong inspiration via a maneuver called an “inspiratory hold” and allow the machine to measure that pressure |/3 ’ ’L
accurately. 1t would look something like this: Y po  Olns wo P e 3
/Ppllt b'& ,',J‘" A ‘J’fld Id X i‘+
Zc
+ ‘,,),nM f/s,’bn) tre 5
a : Py | D
I time 2 Aot

Basically we just perform the inspiratory hold maneuver (in whatever way is appropriate for our
particular machine) and the Pplat either pops up on the screen for us or we have enough time to read the value
from the barometer. Easy enough, but when and how often do we do this thing? There isn’t a universally
accepted frequency for measuring this (or any of the other pressures discussed in this section), but it seems to

™ And we will revisit this idea in an algorithmic fashion in the section called Watching Pressures .
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AutoPEEP

AutoPEEP is the 1dea of PEEP being cumulatively added into the system inadvertently. Remember how
we said before that we assume atmospheric pressure to be OcmH;0 as the starting point for our vent discussions
and that PEEP is the addition of pressure on top of that (i.e. “adding S5cm of PEEP” to reset that baseline to
5emH:0)? Well, AutoPEEP is when that baseline starts to creep up from whatever we have set as PEEP to
higher values because the patient isn’t able to exhale all the way back to baseline before the next breath comes
around. This idea is commonly referred to as “breath stacking” and might be represented like this:

* AutoPEEP |
E [
i PEEP |
L
R | tme > PEEP (ScmH20 bascline clevated with addition  AutoPEEP: difference between
above baseline) of more pressurc above PEEP  whcre we end up and preset PEEP

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

e[ ]

AutoPEEP |
| PEEP PEEP |

pressurc +
B>
~

P—

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

To measurg AutoPEEP or to check its presence, we have to perform another maneuver called an
“expiratory hold."®ust as with the inspiratory hold for plateau pressure, doing an expiratory hold allows us to
accurately see what the real time 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 measured during
the hold.
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If we do have AutoPEEP this meagls that something is getting in the way of the patient exhaling all the
way back to baseline before a subsequeny breath is delivered. This could be due to patient discomfort or need
for more MV, but it can also be due to tive 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 I-time or decrease RR to increase i’ |.E ratio and allow more exhalation; otherwise we could consider
more sedation/ pain control and make sure we aren't accidentally triggering.

One other thing we can do to eliminate AutoPEEP and reestablish our baseline at actual PEEP is
disconnect the patient from the vent circuit to allow a full and complete exhalation. This is one of those rare #
cases in which it is OK to disconnect the vent circuit from the patient during transport for therapeutic reasons.”
Simply allow the patient to exhale and then reattach the circuit (and most likely cancelling out a bunch of
in the meantime'). Just to make sure we understand how this works, let’s draw it out as a waveform

disconnect the circuit PEEP back st
V4 7 l initial setting
Joi!
/ t
/
[+ | !
AutoPEEP builds up reset 1o “zero” reattach circuit

To bring it all home, AutoPEEP is a movement or the pressure baseline above whatever we have dialed
in for PEEP. Issues with this are increased pressyres (volume control) or decreased volumes (pressure control).
Causes include inability to exhale fully, agitati inadvertent triggering. Fixes include extending amount of
time spent in exhalation (shorter I-time, lower RK), treating discomfort and avoiding accidental triggers. In
addition, we can reset AutoPEBP back to zero by disconnecting the vent circuit.

X e/ s gt vt 7
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PIP & Pplat in Pressure Control?

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

wt bud
pressure in to the
system stays constant mf (4
throughout the breath
A Lt
A\ﬂ" 1

+
E|mn|:-)

First thing to mention here is that PIP will only be above that flat line at the top of the square wave form
(marked by the red arrow in the graphic) if something causes a disturbance in what the machine is doing - a
hiccup, patient movement, speedbump, etc. The machine won't intentionally put more pressure than what we
have dialed, but a PIP higher than set pressure control can occur. So while we may still set a high pressure
alarm and momitor PIPs in PC ventilation, our concern is more for being aware of disturbances to the system
rather than being aware of changes to air flow (i.e. obstruction), as was the case in VC ventilation.”!

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

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

.l
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" In PC ventilation, we become aware of those obstruction issues by mumumng VTe

™ Hamulton Medical, 2018 - Has a nice expl y system

W the
over ime as a breath 1s delivered; also gives a brief outline Of%‘lﬁ'clcﬂl methods lo measure Ppln! Ihal we ducu.ss in the fullomng
paragraph
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But if we wanted to know a little more about what's going on in the alveoli and we can’t do an I-hold on
our machine in pressure control, we can get a partial picture of things by looking at flow. No need for us to get

in to the specifics of flow at this point, but recognize that flow is a measure of how fast we are pushing air in to
own

W%aﬂd that pressure control breaths start with a higher TTow and then dial d
to zero flow throughout the breath. While it may be hard to see with quantitative values on your machine

(unless you can view waveforms, which are discussed in the Appendix), if flow doesn’t get down to zero before
the breath cycles off, then we can consider that the pressure in the alveoli may not have made it up to the level
we put in on the front end:

s
Ly
flow ends up '.“‘\\wu-nﬁmn
back at zero machine.
x A0
5 ume 3 1\3-"‘\@@

+

n-tl.llveoli

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

So what utility is there in knowing alveolar pressure (Pplat) in pressure control anyways? We said
already that the usefulness of this information in volume control is to guarantee safety of the alveoli, but that
isn’t an issue in pressure control. Potential uses of knowing a Pplat in pressure control would be making sure
our I-time is appropriate (i.e. that the inspiratory time is long enough to allow pressure going in to matc
pressure at the alveoli) and calculating things like compliance and driving pressure (both discussed late
These are all cool things to work with, but it takes us in t of weeds and may not be the best use of one’s

conitive capacity when managing a sick patient in the transport setting. We will discuss this stuff, but know
that Pplat is primarily a tool for ensuring alveolar safety in VC ventilation.

(lode sapmy

"
/ Py

™ Mojoli & friends, 2015 — Another article referenced in the above content; this short paper assesses the efficacy of these altemative
methods of measuring Pplat (and also delta pressure)
7" In the section Other Random Things There May Be Questions About
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A General Vent Strategy

In this section we are going to summarize | t *@Miﬂ each type of
ventilation (i.e. each combination of mode and " The id%i’?:‘J def e what settings and goals
of

are shared among all methods and which are specific to certain

of the differences in determiffe®gene

discussion of things that app! 1to most vented patients,

Sy

settings for ad|

TV =6 - 8mlkg (IBW)
MV = 100ml/kg (IBW) /min

; tilation. We will also hash out a few
ersus pediatC?p«km' n. We will start with a
gardless of mede€ or control:

{rlu\"') "t € s

If we choose a TV of 6mUkg and our goal is 100ml/kg/min, then our rateought-to-be-17:

MV=RRxTV
100ml/kg/min = RR x 6ml/kg
100mbAg/min + 6mbig = RR

Rykerr Medical’s Vent Management Guide

As for kiddos, the preferred strategy is to choose a rate in line with a reference card and disregard the
above suggestion of 13-17/min. While this will result in an overestimation of MV,”* we can titrate values to

address that later on. For example, let’s assume a 4-y

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

Id kld of 18kg. Based on this chart (again, from

_ e Mg
.'17_RR :J:::,:’ﬂ :: N @8
fe bt (117 v <ol o o~
Likewise, if wi ith 8ml/k initi i it Toodar (1-2¥) 86108 as oa
s¢, 1l we go with 8ml/kg our initial rate (to match thMYV goal) comes to 13/ min. Although it's Praccrocier 35 wn e
not uncommon to see recommendations for an initial rate of 10 'with adults, for the-sake of using reason otk A - i
and math and not pulling things out of thin air, calculating a RR-based on a MV m Y, There are arm—(n. e “e e
good reasons to-use afower RR, but we'll get to those later.
#¢  Toexpand-on-this-idea, if we a'range of TVs to choose from, somctlmes it just makes life easier to B : based %
plck a nice, even number. For exam M an 80kg patient we end up with a TV goal range of 480-640ml and (] 8 "\ You can'also ues this chart on the PALS date™:
1t's a totally legit move to choose 500 or 600 or any value in that range. Just recognize that if we pick a higher ‘b L ——
value for TV, we may want a lower value for RR just to keep our MV approximately the same. This does not Age [I'”fmp""" Age (yrs) E_Ra l'“;“; g)
have to be exact, as we will adjust these settings as we go and work towards our goals moving forward. So we T:d:ill“ Qa8 Imzonﬂnj- 1 ;2 ;7 g 4;0‘ 9
may choose a TV of 500 and a RR of 16. Ora TV of 600 and a RR of y’ Either is cool for now and we’ll dial = e TR
in our settings once we see how the patient responds to it all. l School-aged Child 6:7 18:25 0611
Big Kiddos 8-9 17-25] 06-1.2
e owd g JSID AT K< Preadolescent 10-12 1423 | 07-14
¢t - Adolescent 1215 1220 | 08-17
Adult 16 and up 12-20 | 0.8-1.7
And let's take these values and do a few calculations as so: u' g 18
TV = 6 - 8ml/kg IBW fe %
V=6- Smlx}di@ los M
TV=108- 144ml
MV goal= 100ml/kg (IBW) /min
MYV goal = 1800ml/min
MV goal = 1.8L/min
™ Because TV (or TV goal in PC) stays the same
7 And see Appendix for an explanation of the amateur mathing that got us to this chart
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MV calculated = RRx TV z ‘6 P - /{1 i
MV calculated = (20 - 28)min x (108 - 144)ml e

MV calculated = 2160~ 4032)ml/min
MV calculated = 2 - 4L/min

The result here is a MV goal that differs pretty significantly from a calculated MV, but what to do with
this information? We will eyentually want a MV (preferably measured as “exhaled”) that matches our 2 Y '?
quantitative goal of 100my’ in and also gives us an EtCO; in the normal 35-45 range, but let’s start witb6-
8ml/kg anyways and woTHtdWards that goal in the first little while after starting ventilation. This
overestimation is partic important and maybe even lifesaving if you decide to ventilate a kiddo in volume
control mode. There is always some/mechanical dead space that we introduce into the system that sneaks its
way in to our calculated MV number 9n’i this overestimation will mitigate that.”

So we have TV, MV and RR all sorted, both for big people and small peope; pext we need to consider
the other parameters that are constant between modes and control methods, then ill talk specifically about
those things. Let’s put it into a chart just to make it easier to visualize. And this chart is basically a summary of

the section Vent Parameters, Round One- if you need to review the specifics of any of them, just refer back
to that bit:

Parameter Value Pro Tips
TV 6-8ml/kg Pick an easy number to work with that falls in range
MV 100ml/kg/min Just take IBW in kg and move the decimal over
(75kg IBW = 7.5L MV goal)
RR ‘ Adult: 13-17/min Je [.i, sl g yor JAser | den, (¥ MK [ WJ
| Kiddos: use a chart H il f / - @ e
FiO: | 1.0, then titrate down You can titrate down in big jumps also, no need to go in small
! increments unless you have good reason to do so’*
PEEP ‘T 5-6cmH,0 For most vents this will be whatever the machine defaults to
I-time [ Adult: 0.8-17 Normal for the adult is 1.0
Kiddos: use a chart

fu'\ cgrr el

7’ th"" O'JL'?

B Nelg s 4“
i this all spelled and drawn out in detail, refer to Appendix ‘
n \r\?e:r?yn, 2010?ebodseno. 2018 - Both recommends starting at 100% and then dropping down to 40'/- to see how the patient does
— we can always titrate back up if need be, but if all is well we just leave it at 40% (or even keep titrating down)
Also, that page from RebelEM (Lodeserto, 2018) is an overview of initial vent settings very simular to what we have put together here,
check it out to see if his rationales can fill remaining gaps from this discussion
.68 -
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Next step is to look at what extra parameters need dialed in on the machine depending on which mode
and which method of control we choose for our patient. As we said before, we can ventilate any patient in any
made and via any method of control, so long as we know what to monitor for depending on what we choose.
Let’s draw it all out in/gu'df chart:

N et =
Additional Parametefs’™/
AC Volume None
SIMY Volume Pressure Support — start at 5-10mmH;O and titrate as needed
AC Pressure Pressure Control - start at 10-15cmH.0 and titrate to TV goal
SIMY Pressure Pressure Control - start at 10-15cmH:O and titrate to TV goal
Pressure Support - start at 5-10mmH:0 and titrate as needed
AC PRYC “Pressure Cap™® — set to 25-30cmH,0
(often by setting high pressure limit to 5cmH:0 above what we want this to be)
SIMV PRVC “Pressure Cap” - set to 25-30cmH;0
(often by setting high pressure limit to ScmH,O above what we want this to be)
Pressure Support — start at 5-10mmH.O and titrate as needed
b kegy F o ¥
Fdss - M - KCeps o] |
42
Lod aema JUUNT NS I E o
ARl
™ It's a bit tough to identify specific starting points for both PC and PS in the | and dations vary a lot, but these are

points to start off at and then we should always titrate towards VTe and MVe goals as soon as possible. As for more insight into these
initial settings:
Ashworth & friends, 2018 — They say start with PC at 5-10cmH:O and limit AP (Pplat or PC — PEEP, which we will discuss later on
Driving Pressure) to 16cmH:0 (which correlates with an additive PC of that amount - 16emH:z0)
Kneyber & friends, 2017 - They recommend limiting a AP to 10ecmH:O for all (pediatric) patient types
RT Staff, 2007 - They say limit PC to 20cmH:0
Nagler & Chiefetz, 2019 - They suggest a starting PS of 5-10cmH:O for kiddos
And just to be clear, all the pressures listed hese (for ES ang PS) are additive, not cumulative (and for a refresher on what that means,
head back to Types of Breaths) ir fle e
% Recall that this is a made-up term and is typically sepsaserrted-by Scm less that what we set as the high pressure lmit
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At the expense of being overly redundant, let’s combine the last two charts into another one to
summarize how we determine vent settings, in general and for the “normal” patient:

_ Step One: Step Two:
I/ Se {Xhese Guys Make a Choice and Dial in Extra Stuff
TV 6-8ml/kg AC Volume None
pu L)
MV 100ml/kg/min SIMV Volume | Pressure Support — fommH0
RR Adults: 13-17/min AC Pressure Pressure Control —10-15¢cmH,0
Kiddos: use a chart
FiO; 1.0, then titrate down | SIMYV Pressure | Pressure Control —10-15cmH;0
Pressure Support - I,d;milbo
PEEP S5emH;0 AC PRVC “Pressure Cap” - set to 25-30cmH;0
(normally: set high pressure limit to ScmH;0
above what we want this to be)
I-time Adult: 0.8-1.7 SIMV PRVC | “Pressure Cap” - set to 25-30cmH,0
Kiddos: use a chart (normally: set high pressure limit to SemH;0
above what we want thjs to be)
Pressure Support — |
LD

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

things to make him or her as happy as possible.

*! In pressure control we don't actually set this guy, but we do need to have this value in mind and calculated out so that we can use it

as a goal
-70-
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Now we have a chart that basically summarizes the initial calculations and choices we need to make for

$ To say it another way: sometimes a
g whax we might call “normal”) due to

d depending on which type of breaths we want to deliver. Next step is to look at
ient needs their m delivered in a specific
ic pathology. W e those normal

parameters and alter them to meet specific needs and issues. It’s totally OK to break the rules we’ve established
so far, as long as we know when and how to do it and can justify a good reason. Let's look at a few situations/

etiologies in turn to see how it all looks.
—
e ﬁroncho_tpym - M’ﬁhﬁ?

pathophysiology is multifaceted and varies a bit depending on unlaying cause, but they Cﬂlj

'/ some combination of the following:
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In patients with asthma, COPD and/ or allergic reaction, we tend to run in to a problem of breath
stacking or AutoPEEP because the patient is unable to exhale fully in a normal amount of time. The

constriction of the airways
due to mucous
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Our fix to this is to adjust vent parameters to allow for more time at exhalation. We do this by extending
or lengthening the LE ratio. As we said before, a normal I:E ratio is 1:2-3 and we can adjust that by dialing
either the I-time or RR. In this patient population a good starting point is an LE ratio of 1:5-6. The typical way
to get here is to decrease RR (and also I-time, to a lesser extent) until we see an I:E ratio in that range that we
want. The machine normally does this calculation for us, but just an example we’ll show it all here:

With I-time 1.0s and RR 17:

60 + 17 breaths = 3 5s/breath
3.5s—1.0s (I-time) = 2.5s
~LE ratio=1:2.5

With I-time 1.0s and RR 13:
60 + 13 breaths = 4.6s/breath
4.65 - 1.0s (I-time) = 3.6s
~LEratio=1:3.6

With I-time 0.8s and RR 13:
60 + 13 breaths = 4.6s/breath
4,65 -0.8s (I-time) = 3.8s

08 38

lErﬂIl0='a';"°~;

LE ratio=1:4.8

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

and put them in to : X
all edr/lpe €27
/ I-time 1.0s I-time 0.8s

/ RR LE RR I.E

17 1:2.5 17 1:34

13 1:3.6 13 1:48

10 1:5 10 1:6.5

8 1:6.5 8 1.84

Now assume we choose an I-time of 0.8s and a RR of 8 (for a calculated I:E of 1:8.4), what does that do
to our other parameters? Biggest thing that will be affected is MV. We’ll do some calculations to demonstrate
this impact on a 65kg IBW patient with a TV of 8ml/kg:

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

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

.12-
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MV calculated = TV x RR
MYV calculated = 520ml x 8/min
MV calculated = 4160ml/min
MV calculated = 4.2L/min

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

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

MYV calculated = TV x RR
MV calculated = 780ml x 8/min
MYV calculated = 6240m1/min
MY calculated = 6.2L/min

And at this point we run the risk of barotrauma or over-inflation injury (assuming a volume control
mode). That said, start at a TV of 10ml/kg and then titrate up if the patient’s lungs allow for it (i.c. Pplat still
below 30cmH;0). If we can't reach our MV goal exactly, that’s OK in the short term — we just want to try and
get as close to it as possible while still allowing for full exhalation and avoiding the AutoPEEP issue.®? We will
simultaneously be doing pharmacological interventions (Albuterol, Ipratropium, MagSulfate, Ketamine, Epi -
whatever your agency endorses) and hopefully the reason for this alternative strategy can get reversed to some
degree and then we can go up on RR and work our way back to normal parameters.

In pressure control, we still drop the rate (and maybe I-time) to lengthen I:E, but we also want as much
volume per breath to try and get as close to our MV goal as possible. Instead of a PC at 10-15cmH;O, consider
going straight to the top and starting at 20-25cmH:0* to see what out VTe values look like. f-wehappea-to
overshootour TV goatof-t2mifkgwecamatways tirare tack down. [n addition, recognize that this Pplat
upper limit is a generalization that may not be OK for all patients, but we will expand on that more in pages to
come.

Second to last thing to mention: it may be tempting to drop PEEP to zero in these cases to better allow
the patient exhale. The thought process goes like so: if they are breathing out while we are pushing air in, this
has the potential to be problematic. That said, there is some evidence that applied PEEP can help fix

maintain PEEP at our minimum of 5cmH:O to maximize oxygenation and help recruit more alveoli, but

Ik |
Iy

AutoPEEP; but we do want to keep applied PEEP lower than AutoPEEP*. Just know that we'd preferto ¢ % n f L
A

/

sometimes we let that go in order to avoid AutoPEEP. There may be a happy middle ground with a PEEP
somewhere between zero and five, but there isn’t much content on that and we’ll leave it as a “maybe” inthe )
overall scheme of things.

Actual last thing to mention: if we have lengthened our I.E ratio to accommodate exhalation and we end
up at a point where AutoPEEP is consistently zero, we can then titrate our I:E back to normal to make things
more comfortable for the patient. This allows us to work back towards our MV goal that we started with, as it is
likely that our MV will be below that goal with a much lower RR. If things change and bronchospasm recurs
(and then we notice AutoPEEP all over again), we can go back to the longer L:E ratio. The idea here is that we

" Hyzy & Hldalgo, 2018 - Provides a more m-dcpth
the DP paye wology co2n

¥ Which gwu us l.'he upper linut for a safe Pplat, assuming a PEEP of SemHz0 and an additive PC value

* Sagana & Hyzy, 2019 - These guys offer more than you ever wanted to know about PEEP; more relevant to our discussion, they
note that applied PEEP can facilitate exhalation and help to fix an AutoPEEP problem

of this “p hypercapnia™ approach — . ook at that

-73-

’, Aty

s

Ldu'

b
”I



Return to Contents

are constantly reassessing what is going on with the patient and making these small adjustments to best ventilate
the patient in a given moment. Just because a lengthened I'E was warranted at the start doesn’t mean they need
that forever o

To summarize our bronchospasm strategy. utilize a lower rate (and consider a loyr I-time also) to a
goal LE of 1'>5. Consequently, we need to titrate TV (or PC®) up as far as the patient's jungs will allow.
Know that we will likely be short on our MV goal and that's OK - as our pharmacological. interventions start to
work we can hopefully migrate back towards “normal” parameters to meet the MV goal.(Maybe consi
dropping PEEP if no oxygenation issues are noted ) Also, be sure to check for AutoPEEP periodically and
consider disconnecting the vent circuit to reset it back to zero if need be.

[rﬂ#“ '
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5 A few cautions regarding PC and bronchospasm

Medina & friends (2016) - These guys cite a set of four cases in which PC I failed to ad ly late ped patients
with airway obstruction, while this may be an isolated set of cases and could potentially be mitigated by a strategy focused on
ensuning adequate exhalation (via a long LE, as described above), it 1s worth considering VC ventilation for pediatrics with
bronchospasm in spite of the fact that we often advocate PC ventilation for pediatrics

Iyer & Holets, 2016 — They explain how longer I-times may be required in PC ventilation (to meet TV goal) which means that a
shorter | E would be needed as compared to VC ventilation - just keep this in mind a consider switching to VC 1f you have a patient in
PC and are still having AutoPEEP/ exhalation issues
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Hypotension “(
In patients with hypotension (or the potential for hypotension) the primary m is that mechanical
ventilation can decrease preload to the heart and further contribute to the problem/ We discussed this already in
reference to both negative pressure vs. positive pressure ventilati PEEP, soffirst strategy here (since we
are committed to PPV) is to restrict PEEP to whatever minim we need to maintain adequate
oxygenation. Beyond that, however, we can limit the time inspiration during the overall respiratory
cycle. Think of it this way: preload drops when we increase intrathoracic pressure, so if we decrease the
amount of time spent pushing air into the system (i.e. increasing intrathoracic pressure), we can limit this affect.
To quantify the idea, consider two patients: one at a RR of 17 and one at a RR of 10. If we assume an [-

time of 1.0s (norm for the adult patient), let’s calculate how much time the patient experiences a state of
decreased preload (i.e. inspiration)*:

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

%TaDP = (10 x 1.0s) + 60s
%TaDP = 10s + 60s
%TaDP = 17%

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

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

By dropping our rate to 10 (from 17) and dropping I-time to 0.8s (in the adult patient), we can cut the
amount of time spent at decreased preload by over half. While we could keep dropping RR, we stop at 10
because we need to maintain MV in these patients. Let's look at what happens to MV if we drop RR to 10 and

then come up with a strategy to address it. As before, we'll assume a patient with an [BW of 65kgand a TV of
8ml/kg:

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

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

* Ths is another one of those made up terms which we ide: ‘fy-n%T;DPm“pacmumofumndecmwdmlod"
X dstowms ¥ Pl dgbe /1 ilofrie P i o
F\N‘]L L ft'['h’ [g r',f Cup 1 [d Y 5-” "'Jil ”4\ wlll'
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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 hypotensive patient is
likely at risk of shock and, therefore, we need to make sure we are matching blood flow to the lungs by
delivering at least what our calculated MV goal is. This idea is in stark contrast to the bronchospasm strategy in
which we decided it was OK to let MV fall below goal; in hypotension we need to maintain (or even exceed,
especially with acidosis or trauma — discussion on that to follow) our MV goal. So let’s titrate TV up to
10ml/kg and see where we end up:

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

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

1f we drop RR to 10 (and I-time to low of normal by age) to minimize the percentage of time spent at
decreased preload (i.e. inspiration) and increase TV to 10mlkg, then we maintain our MV goal of
100mUkg/min. Now that we’ve logically arrived at a strategy of decreased RR and increased TV, let's rewrite
the order of the steps as so: increase TV first, then decrease RR to match MV goal. The reason for this is that
we don’t want to arbitrarily drop RR and then wind up in a situation whére we can't titrate TV up to goal - that
would result in a decreased MV (which we said is an important thing i 1ent with risk for shock). So let’s go
up on TV as much as we can to a goal of 10ml/kg (or as close as possibI€ with safe Pplats) and then drop RR
afterwards. Even if we aren't able to drop %TaDP by half as in the example shown, we can at least move in
that direction while ensuring adequate ventilation.*’

To summarize: in the hypotensive patient we want to decrease the amount of time spent at decreased
preload while maintaining MV at our weight-based goal. To do phis, we drop I-time to low of normal, increase
TV towards 10ml/kg IBW (in PC this may mean starting at 20-25cmH;0), and then decrease RR to maintain
our MV goal. We also want to be cautious of high PEEP whil gnizing that oxygenation (facilitated by
PEEP) is important in these patients with potential low perfusigns states. Said one more time in the short and
sweet manner of things: when ventilating the hypotensive patignt, drop I-time, increase TV, drop RR (to match
MYV goal), and leave PEEP alone. -

1600 .

k) 'ﬂu"zs

~

¥ Another advantage of titrating TV first and then RR is that it allows the strategy to be applicable to both adult and pediatric patients
wathout having to come up with more age-based recommendations, while this may or may not be a good reason in and of itself, it is
worth keeping processes simple and applicable across the board .
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Acidosis

With acidosis one of our primary vent goals is to facilitate respiratory compensation against aff b
underlaying acidosis. The classic example here is a DKA patient breathing at 30/min. Flight crew comes
along, RSIs the patient and then sets the vent up at a “normal’f@& of 12. The patient had been compensating
with an increased RR (and thus MV), but that ::nmpensalioail en away suddenly. As a result, the patient
crashes and dies. So let's not do that. And just to quantify the extent to which our doing so changes the game
for this hypothetical patient, let's look at the MV difference between a rate of 12 and 30 with an assumed TV of
500ml:

MV calculated = TV x RR
MV calculated = 500ml x 30/min
MV calculated = 150000mL/min

MYV calculated = 15L/min

MV calculated = TV x RR
MYV calculated = 500ml x 12/min
MV calculated = 6000ml/min
MYV calculated = 6L/min

In an acidotic state our MV goal increases a lot. While a bit tricky to pinpoint exactly what that goal
ought to be, let’s aim for a goal double that of the normal patient: 200ml/kg/mif}®® To achieve that goal, we
may need to increase both RR and TV. We said before that to increase MV (je. in an effort to get our EtCO;
within a normal range) we typically start by changing TV first and then RR. The reason for this way that we get
more bang for our buck, as adding a breath also adds in dead space to the equation. In the acidosis situation,
however, the patient is likely already breathing fast, so let’s just use a hi ormal TV (i.e. 8ml’kg) and see
what kind of RR we’d need to get to this increased MV goal of 200mlf'ky’ 4

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

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

MYV goal = TV RR
13L =520ml x RR
13L/ 520ml =RR

25=RR
4L.1} Zr bml
This means that a TV at 8ml/kg and a RR of-25 will get us the theoretical MV of 200ml/kg/min. But
what is the consequence of a MV that high? In the normal patient, this would drive our EtCO; down
significantly and create a state of respiratory alkalosis, but we said already that this compensatory respiratory

=77
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rate is what we want — now we just need to figure out how to measure or quantify to what extent we are helping Acute Lung Injury/ Acute Respiratory Distress Syndrome®’
the patient. There are a few strategies here and we'll talk about them stepwise in order of least exact to more
exact. Another well-known and established strategy in vent management is the “injured” or “sick” lung

First thing we can do is to match our set RR on the vent to the rate at which the patient was breathing strategy. These patients have lungs that are particularly susceptible to further injury and barotrauma and, asa
before we took that respiratory effort away. This assumes that the patient was compensating adequately. And result, we use less volume per breath in an effort to avoid over-inflation. We then have to increase rate to
while this doesn't give us a quantitative goal to work towards, it is better than nothing. We can match the maintain MV or be OK with a higher EtCO2. Another component of this strategy is higher than HOIT“&]_ PEEPs
patient’s effort on our machine, complete a transport and then have the receiving facility check ABGs when we to improve oxygenation, recruit alveoli, and physically displace stuff that has accumulated in the alveoli. we'll
arrive to see how things have improved (or gotten worse, for that matter). Or if we can do gasses en route, we start by reviewing the concept of “acute lung injury” and discussing the pathophysiology of ARDS, then we'll
can always start this strategy and then evaluate progress along the way. get into specifics about vent strategy.

Another strategy is to measure the patient’s EtCO; (perhaps via a nasal canula device or by cutting the \ r:" ). GO Acute lung injury (ALI) refers to a number of pathologies that inhibit normal pulmonary gas exchange.
ETT connector off a regular in-line attachment and sticking in the patient’s mouth)® prior to taking the airway. Y .;1“ Specific causes include sepsis, pneumonia, bleeding from a traumatic injury, inhalation of toxins or smoke and

We can then match the patient’s RR (as above) or set RR to 25 (as calculated) and then adjust to this EtCO; that ) aspiration. ALI is a concept that lives on a spectrum with acute respiratory distress syndromes (ARDS) being
the patient was at prior to us messing with things. Again, this strategy is similar to the above strategy in that it { AR the end result if left alone to progress to the bitter end. While ALI, as a term, may also be described as mild or

requires that the patient was compensating adequately on his or her own before we intervened. / moderate ARDS, the underlaying pathology is the same. The main component of the pathophysiology is that
A third approach is to utilize Winter’s Formula to establish an EtCO; goal. The formula looks like so: the alveolar and capillary walls becomes permeable to stuff that normal is normally sequestered in the blood:
Pofa= (1.5 x HCOy ') + 8+ 2 he results:
e y R .
The formula is designed to measure the respiratory component with a known metabolic acidosis (i.e. ::;,,'I: :;d, ,L":,:o.,,‘ resulting 1,‘""
measured PCO; is compared to a calculated PCO; to determine adequate compensation/ if a mixed disorder is pulmonary edema
present)®, but we can modify its use to the transport setting to guide our titration of EtCO2 (via MV): ; ; bility of # A prosence of these large molecules results
capillary and alveolar Y4 LY 1n an unflammatory response that further
E1CO, should = (1.5 x HCO ) + 842 e | Wi
Assuming compensation was adequate when HCOs ~ was measured slveolar space decreased 2>
hypexic pulmonary vasoconstriction 3

(and HCOs - from either BMP or ABG)

v

And in fact we can do all of these sug(gigies together: try to match the patient’s RR and EtCO; as norral ey y
measured before we intervene, then comparg®MV to our calculated goal of 200ml/kg/min and EtCO: Biood flow e o
(both the patient’s pre-intervention one and our subsequently-measured one) to EtCO: goal from Witker's SNe—a -
Formula. The only next best thing here would be to remeasure gasses en route to see how the patient is -
responding to treatment, but most of us don’t have that capability in the field and we'll withhold a discussion of There are quantitative criteria for ALI and/ or ARDS (depending on how we choose to define it), but
it here that isn’t necessary to our field treatment. We can identify a patient who needs this vent strategy from a report

We went on a bit of a tangent here, but let’s get back 1o our vent strategy for the acidotic patient: use a ,

TV goal high of normal (8ml/kg) and increase RR (either to match patient’s intrinsic rate or even just double / DOk . ; :
I ; h oo : » X 1 point of adequate oxygenation by other methods. The strategy includes low volumes, higher than normal

normal for patient’s age), then aim for a goal MV of 200ml/kg/min and an EtCO; of patient’s baseline prior to M }, i “ PEEP, maintaining recruitment and permissive hypercapnia. Let's discuss each of these in turn and give some

per sending facility, suspicion based on clinical progression of the illness or the simple fact that we can’t get to

intervention or as determined by Winter's Formula. Because we are shooting for high MVs in the acidotic specific guidance. C 4 ft
patient, AC mode may be the best for U‘Cf;c Pﬂu;ﬂ'-‘ :;WL’ are m%ef}:cgrt?f“’““ _SP:’"““”“'Y' If we do go Yo Starting TV for these patients should be 4ml/kg IBW. This recommendation is from the ARDSNet N g
SIMV:and the patient h;s spo ::I"w"s ¢ 3"]:9 rea I de, we dm"zrio".s' M\;m;reasm;, PSle) um p?‘h'“"m?”d 1\ ’” - studies which compared TVs of 4ml/kg against 12mUkg and determined that lower TVSs resulted in significantly
g;:gs e m?'cPh;n: :1lllnvebcl on;'sv( a:a]t ‘:Is rodidavoicadiop Sl u e better outcomes for these patients. While it may seem that 4ml/kg and 12ml/kg represent two extremes and it

strategy o reaths below TV goal). 1 could be tempting to rationalize that 6ml/kg (to stay within norms) probably isn’t all that bad, we do know that

* Sajjad & friends, 2018 — A very heady article that looks deep into the pathophysiology of ARDS to investigate why a Pplat was

¥ For sure not FDA or manufacturer approved and only to be used when no other options are available @ measured 10 be higher that a PIP during the treatment of a ventilated ARDS patient, provides good insight on transpulmonary
0 Foster & Grasso, 2014 - Good YouTube video to explain the formula and it's use in a clinical setting pressures, which is something we skimmed past way back at the beginning of this manual when we assumed that the lung (alveoli)
9 We talked about this idea way back in the section on Synchronized Intermittent Mandatory Ventilation and chest wall always move in synch with one another — more on this in the Appendix, but a good read at this point along the way!
-78-
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4ml’kg is OK and we don't know much about 6ml/kg for these patients, so let’s just stick with the data and With that in mind, it is important to keep the system that extends from the vent to the patient’s alveoli
ventilate at 4ml/kg until the science people tell us otherwise ** intact at all times. When we do have to break the system, such as when we transfer the patient from our
In addition to low TV, we go up on PEEP to improve oxygenation. Consider doing so in a stepwise machine to the hospital’s machine or vice versa, we can maintain recruitment by clamping off the ETT. The
fashion as recommended in these charts:** main point is to prevent pressure at the alveoli from dropping below PEEP, so it theoretigally doesn't matter at
which point in the respiratory cycle we clamp the tube and perform the swap. That saidyust to be safe let’s

~always do this clamping of the ETT during inspiration — that way if we leak some air out in the process, we
OXYGENATION GOAL: Pa0, 55-80 mmHg or Sp0, 88-95% : . .
Use a minimum PEEP of 5 cm H,0. Consider use of Iw‘emm' HOPEEP have a cushion of safety. And here what the technique looks like:

combinations such as shown below (not required) to achieve goal. R [ y
! Get a photo and label 1t 1in ppt e 4‘-‘ U' "’[4 e "" ( Ve, J" 'j’{‘ ‘LCJ
Lower PEEP/higher FIO2

o [oir24 104 [os [os | o6 [o7 To7 | Last thing to mention with this ALI/ARDS strategy is MY.- We mentioned already that dropping our TV
15 15 18 18 [10 Jio |10 f12 ] 10 4m/kg will reduce MV and increase EtCOz, but let’s quantify that difference in MV

Fio, [07 |08 [09 [09 (09 |10 l
_PEEP |14 |14 14 |16 | 18 1824 MV goal = 6.5L
Higher PEEP/lower FiO2 e I TV =4ml/kg x 65kg
(Fi0; |03 103 03 |03 [03 04 04 |05 | -
PEEP |5 |8 10 |12 |14 14 |16 | 16 o=l
_Fo, los [os0s [08 08 T10 [10 | o £ rger MV calculated = TV x RR
PEEP |18 |20 |22 |22 |22 |24 | g WA MV calculated = 250ml x 17/min
) MYV calculated = 4250ml
Another really important component of our ALIARDS s is alveolar recruitmenf Thisisa , MV calculated = 4.3L
concept that we haven’t talked about much, but we’ll get into it hete. Recruitment is the idea that we can o )
actively re-inflate collapsed or underinflated alveoli as we depicted in our previous discussion of PEEP: And to maintain our MV goal, let's see what kind of RR we would need:

v

‘ . / MV goal = TV x RR
inhal exhal { L ey
d - | | ==3 - L Qe Pl 6.5L = 250ml x RR _
\ ’/' 6.5L / 250ml = RR r.‘ *)0 f geir e

e J | 26=RR : o it
“sents” L -~ ’, s affy { e

this alveoli

open So to maintain our MV goal with a TV of 4ml/kg we need a f 26 for the adult patient. Which is

OK if we can comfortably get the patient there. 1f not, that's also OK. In fact, there is some evidence that

I, hypercapnia (i.e. a high EtCO; related to a lower MV) is of’ﬁ?ﬁ__@mese ALVARDS patients.”® The data
M isn’t super clear at this point but rest easy knowing that if W& tan't attain our MV goal there may be a silver

P time 3 ‘\\ v e lining in this case. With pediatrics (when 26/min is too slow), we just go up on RR as much as we can to meet
it "L (or exceed if in volume control) our MV goal. Consider doubling RR or using the high end of normal for a

In all lungs we lose recruitment more or less immediately. Which means that if we have a partially -, 4 given age range or just titrate up from a normal rate - the limiting factor will be comfort and exhalation (i.e.
inflated alveoli stented open with PEEP and then disconnect the vent circuit, that alveoli goes back to where it '\,'\ monitor for AutoPEEP to ensure full exhalation).
was before we started. [n a normal lung we can re-recruit that alveoli on the order of seconds to minutes, so it \ Vg To put it all together: ALIARDS represents a spectrum of disease that primarily impacts the integrity of
isn’t a huge deal for us to be worried about losing recruitment — we just get them back on the vent, add a bitof 41" the alveolar walls and results in increased permeability, movement of large molecules and fluids into the
PEEP and we are back where we want to be with no real negative outcome. With the ALI/ARDS patient, \ Ao alveolar space and further damage from an inflammatory response. Vent strategy is focused on low TVs at
however, it can take hours to recruit alveoli. This means that if we lose recruitment, we lose all of that progress 4ml/kg to avoid barotrauma, high PEEP to both recruit alveoli and displace fluid, maintenance of recruitment at
towards better oxygenation and our patient can deteriorate very quickly. all times in order to avoid rapid deterioration, and an increase in RR to maintain MV (possibly with a

concurrent strategy of permissive hypercapnia).

' Davies, 2016 - And along the lines of this reasoning, take a look at this article for further discussion

# NHLBI, 2005 - And as far as we can tell, no evidence exists for using one over the other - both are considered together/ they are
undifferentiated in most analyses of the overall strategy * Hyzy & Hidalgo, 2018 - Overview of this “permissive hypercapmia” concept, both theoretical benefits and consequences
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Other Potential Strategies

The above list of vent strate
in the transport setting,
specific adjustments to
theoretically compile a
gets a little cumbersom
when time is of the

gies addresses four markedly different situations that we often come across
but there are other potential injuries or pathophysiologies that might also warrant

the normal list of settings that we previously came up with. While we could

list of all the possible things and work out an algorithm to address each one in tumn, that
e and would result in a hefty protocol of sorts that might be difficult to work through
essence. As we said before, the idea is to work towards an understanding of how the body
responds and how the vent does its thing so that we can make changes on the fly and expect the results that will
come of any adjustment away from normal. But Just to mention a few examples without going into the same
level of detail as we did above, consider the following situations. A

In the patient with a head injury/ traumatic brain injury (TBI), wﬁhmse to aim for an EtCO;
below what we’d typically use for a standard patient. While we don’t n ily “hyperventilate” these
patients anymore, we could adjust MV to a goal EtCO; of 30-35mmHg by going up on either TV (preferred) o
(whereas we would normally titrate Fi(}2 down in response). We may also make small adjustments to our
settings in an effort to maximize patiett-€omfort, whereas we might not pay as close attention with other
patients and simply use drugs to make them happy %6 =5 ',f. | 2 wrawe o 10014

In the pregnant patient we might similarly utilize an FiO; of 100% to ensure maximize oxygen delivery
to the fetus. Since many services don't have the capability of fetal monitoring durin transport, this is a vay 1,
ensure that we don’t have a hypoxic injury or put any undue stress on the baby. Wéalso ge¢ ]
increased MV goal-for the-patient.-as we have baby to consider as well. Another t patient
positioning~ in the vented pregnant patient we not only have decreased preload due to PPV, we could see that
drop in Cnog}mpounded by pressure of the fetus on the inferior vena cava. AL ATL,

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

On a tangent to this chest trauma idea: if a patient develops a tension pneumothorax en route, best thing
we can do is to take the patient off the vent.*” Not take them off the vent and bag them, but take them off the
vent and don’t breath at all for them until we fix that problem. PPV can tension a pneumothorax very quickly
and we want to avoid making things worse. So disconnect the vent, decompress, and then get the patient back
on the vent. Because of this, we may consider keeping all patients with the potential for pneumothorax on an
FiO; of 100% - that allows us more time to perform the procedure in the event that a pneumothorax develops
before the patient desaturates.

RR. We also want to maximize oxyggn and, therefore, may be OK with an SpO; of 100% fes-aittle-white 2

rd

T A~ Ao }'
v /‘vc . ,-a",?f..d

ﬁ'"‘ S

9 KRR | etco? fdesired rate’ Head ir 1

97 Wingfield, 2012 - This video (or the others'in the series) aren't available for free on the internet, but the content 1s awesome if you
are looking to prep for an exam or just expand your knowledge
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A patient with CHF may warrant more PEEP and increased pressure (either via PC or TVs to a
maximum acceptable Pplat). This would facilitate the movement of fluid out of the alveoli:

4 v

-4 £

before € 2

themmet 13

3 blood >
\ ~ after ume
3 blood &

= blood &

In this case we could increase PEEP, then increase PC (or TV to the max before Pplat reaches its Iimit),\/

then titrate RR down to maintain our MV goal. And if the patient is hypertensive along with this pulmonary
edema, aggressively maximizing oxygenation to alleviate any pulmonary vasoconstriction (which leads to
pulmonary hypertension) may be the best approach.

Folks with COPD may warrant different strategies due to potential effects of oxygen.”® Same goes for
an Ml patient with the need for CO augmentation (i.e. right-sided MI). We could even argue the case fora
specific toxic-exposure strategy.'® It quickly becomes evident that there are a number of cases that don’t quite
fit the cookie cutter mold by which we try to simplify vent strategies. And that’s totally OK. The templates are
there as a framework from which we then consider the specifics of each patient, one at a time. The important
thing is to know what impact any vent change will have on the patient depending on how he or she presents in a
given situation. There are lots of cases in which there isn’t a straightforward answer, ! but as long we don’t
make things worse by dialing the buttons the wrong way, all is good.

'Swaminatahan, 2015 — Short and sweet discussion of whether or not these are even valid claims

" Mahmood & Pinsky, 2018 - They don’t directly prescribe this approach, but they do lay out the framework of how it all might work
1% Some combo of ALI plus or minus acidosts, depending on the agent and/ or route of exposure

1% Lodha & friends, 2006 — As an excellent example of thus, this paper describes a case study on the vent management of a pediatric
patient with tracheal stenosis; their approach was similar to the bronchospasm strategy, but required normal I-times to ensure adequate

ventilation
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Make a (Calculated and Informed) Plan

This next section covers how we go about setting the patient up on the ventilator. In particular, it looks at
how the process differs whether it’s us initiating ventilation versus if we are taking over a patient in which
ventilation has already been initiated. This may not seem like a big deal, but the taking over of a vented patient
is a bittricky. Even though we have these predetermined strategies for various different patient types, the truth
is that there is a lot of variation in how patients respond to the vent: sometimes an asthmatic patient is happy
with an LE of 1:2, other tmes a hypotensive patient has a high RR and low TVs for good reason, etc. Because

of this, we need a str, to determine when changes are needed and when we can leave things alone as we
find them.

Getting All the Numbers Ready

First thing we do for any patient who need
whoever was hanging out with the patient before we got there. This is very important for all patients, agAt can
tell us how the patieni has responded to or will respond to strategies we might have in mind. We ther/decide
on a strategy based on how we think that patient ought to be ventilated (i.e. hypotensive strategy, bronchespasm
strategy, or some hybrid situation). Next we get an accurate patient height (either from a reliable healthcare
provider or by measuring it ourselves) and perform three calculations: IBW, TV, MV.

Another component here is the patient exam, We’ll discuss a few of the specifics when we talk about a
patient already on the vent, but we for sure want to get an exam done before we start manipulating things or
playing with our vent. The idea here is that our mental construct of a strategy based on the report we received
should match what we see in the exam. If not, we need to clarify that amongst ourselves before moving
forward. No need to elaborate on that here, we all know the importance of a good assessment. So once we
have a report, have done an assessment, and are decided on a strategy, we move forward,

From Scratch

When we are the ones initiating the vent, it’s fairly straightforward: we jpé} take the settings we’ve come
up with based on presentation/ pathophysiology and plug them in to whatever modg and method of control we
decide to use. We've already talked about the different strategies and why we may choose to use one
mode/control over another (and that a lot of this has to do with provider preference), so we won't spend any
more time on that here, Once the patient is on the ventilator, we just need to confirm that everything is going as
planned, beginning with the Three Big Things: oxygenation, ventilation, and comfort. Once we get those things
sorted, we can then move on to some of the finer subjects (which will be discussed in the next section, Keeping
Things Going).

It is worth reiterating at this point that the settings we conceptualize prior to initiating ventilation (and as
discussed in the previous section) are starting points from which we then make adjustments. It may very well
turn out that we end up with settings, based on patient need, that vary significantly from what we initially had in
mind and that’s totally OK. But the starting point ought to be based on both on calculated goals and settings
founded in physiology. And if you have no idea which strategy or 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.

: nyde
is already ventilated is listen. We listento areport ffom 7 | 4 H’j
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Patient Already on the Vent

Now with someone already on the vent, it gets a little more complicated. We'll draw it out in a short,
simple algorithm first and then we will expand on it and discuss the specifics:

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

So we addressed the Three Big Things, we made sure the strategy isn’t counterproductive based
on what is going on with the patient, then we look at vitals and | "“Again, no need to get in to specifics
here, but if all is well in each of those general three subject areas, ten there is no reason for us to go messing
with settings and we should match what they are using. The only exception here is if your machine can’t do the
settings they have. For example, the patient is on PRVC and you don’t have that choice — then match as best
you can in either volume or pressure control and go from there.

“But wait,” we may hear from the audience, “what about checking a Pplat and AutoPEEP and all of
that!?” If your patient is alive and well and passes an assessment in all three categories we just discussed (the
Three Big Things, vent strategy, vitals and labs), then those things can wait until we get them on to our vent.
Some reasons for this: the delay here is only a few minutes at most, the measurements will likely vary by
machine (i.e. how individual breaths are delivered), and we’ve already determined that the patient is stable via a

number of different assessment parameters. q') “’H, S eert {;,., N, P (l,,m,l
bf ’ "\'g N“sbﬂl w70 e f*"l),l' Fine OIP"’(;"“I
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Let's redraw that simple algorithm we started with and add in just a little bit of detail to include all of
these ideas and then we’ll move on to the next question amd-tatie-about-t-tn-detark

do we like what we see?
* Three Big Things: oxygenation. ventilation, comfor
* vent stralegy ensure its not detrimental

* wvital signs and lab values

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

One thing worth mentioning here is that it is sometimes cool for us to make these changes as the patient
lies and on the sending facility's (or crew’s) machine. Other times we just make the adjustments as we
transition to our machine. We for sure want to avoid alienating the transferring staff by messing with their
machine if that relationship doesn't exist, 5o just be cognizant that are two sub-options in the “Awesome, do
that” course of action: do it right now and on their machine or do it as we transition on to our machine. And last
thing and probably already obvious, there is some middle ground here: we may make some changes/ do some
things right away and then defer other things until transfer, all part of the same strategy. Example: give
sedation now, adjust TV or RR during the transition.

And one more time, let's see how the algorithm would look with these additional details added in:

do we like what we see?

= Three Big Things oxygenation, ventilation, comfort
* vent sralegy cnswrc ity pol detnmeotal

* vital signs and lsh values

RO

ey N Ty

(1-2 change’ actions) (many changes’ actions needed)
p—r
* consider doing it nght

away on thew machine
* il not. implement changes

& we move to our venl

1% And for help in deciding this, consider using the Critical Medical App - it's got a nifty feature in which you simply enter in current
vent settings and measured parameters and it spits out suggested vent changes to work back ds goals
-86-
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If at any time during this whole s things get too complicated, we can always skip ahead to the
‘ over from scratch” end of things, At just recognize that the morg-chiafiges we make, the less able we are
0 evaluate the efficacy of a single intervehtion. Just like a science experiment, it helps to isolate vanablgs and
know that the observed result can be attributed to a specific etrahge wemmde, And even though we mentioned
it already, interpersonal dynamics also come in to play here~make_ ased on necessity, not on personal
preference — that will help you maintain positive relationships wi mg staff and crews.

‘3 4 - ctpatis L
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Keeping Things Going

This next secn‘qn goes over what we do once we have the patient on our machine and the Three Big Things
(oxygenation, ventilation, comfort) have all been addressed. We talked already about how we sometimes vary
from the settings we start out at and this section explains how that happens The general idea is that we want to

both avoid injury and optimize ventilation, so we slowly make adjustments to work towards those goals and
ensure that things stay safe for our patients.

Watching Pressures'™

We talked abput lhcse three things already in the section titled Vent Parameters, Round Two, but here
;hey are again: peak inspiratory pressure (PIP), plateau pressure (Pplat), and AutoPEEP. And for visualization,
in case we forgot, here's what they look like on a pressure waveform in volume control ventilation:

Y PIP

4 Pplat
rd

+
+

+

AutoPEEP |

PEEPL

baseline elevated with addition  Ay1oPEEP: difference between
of more pressure above PEEP where we end up and preset PEEP

-

High for PIP is 35mmH:0, although we may go beyond that in certain situations (such as a small small
ETT). Pplat max is normally 30mmHg and we do try to stick by that one whenever possible. AutoPEEP
normal is zero and we always take actions to address AutoPEEP when we see evidence of it. All of these
parameters should be checked (when possible, depending on cantrol and patient’s respiratory effort)'® within
the first few minutes after placing someone on our machine and then again periodically through transport. As
we said before, if it may help to simply add these pressures on to a mental list of vital signs to reassess as we go.

3 PEEP (ScmH20
above baseline)

14 A IAP and ] ¢ char ) i

193 Eor example, if a patient is tnggering lots of breaths, we may not be able to get a good AutoPEEP/ do an expiratory hold, if they
are in PC ventilation, we may not be able to do an inspiratory hold (due to limitations of a particular machine)
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There's also another pressure that we haven't yet discussed: mean airway pressure or MAP. MAP is the
average pressure over the breath cycle and can sometimes clue us in on changes to specific pressures before we
take the time to measure them using maneuvers or whatever else. We can think of a change in MAP as an
indication that we ought to look into more specifics as to what is going on:'*

W\ S w ror1 '»k pressare changs notad / \‘

')

I increase in PIP ] [ decrease in PIP I decrease i Pplal
leak ce (VC
chock Tyl topervendliion et TV )
PR :
| wfime o
ung lsswes alrway sswes ! exira udbns:
abdomunal disienfion msiies . wspiration
-m?r\»wlhuduml'—"—“h' bronchespasm br the high PIP, low Pplat wtuation w walikely 10 happen. but could be due i
Alglestasia “ Ve L ETT occhusion ~ /| concurrent simultancous sues
AutoPEEP 1., wowins. V'
chest wall burn & — the high Pplat issue is almost always 100 much volume going in (and we
pocumonia talked about that .
aircady one ot leagth )
pulmonary connasion
[pulmonary edema
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O
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196 Wingfield, 2012, Lodeserto, 2018 - This chart is more or less a combination of input from both of these sources
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And then let’s look at potential solutions for each of these cases)‘ﬂ i

lung issues T J \v
abdominal distention ascites »| consider positioning’ }‘
asynchronous breathing +{ assess and treat géimfort % \" 4
-\Itlms_' | sl coli ﬁ &\
AutoPEEP . @m’ isconnect circuit, ma; PEEP _ |
chest wall burn *| escharotomy Whisten - & (‘
pncumonia +| utilize PEEP to displace Mlwid ol
pneumothorax +| needle decompression, chest tube insertion 1S % :\'x
. pulmonary contusion | ALVARDS strategy = e
e pulmonary edema | ublize PEEP to displace {luid
/
\.{:
Loty
sirway issues -
aspiration—— +| suction (prevent further aspiration)pALUARDS strategy
“Bronchospasm +| fix with drugs, implement bronchospasm strategy
ETT occlusion +| address comfort (biting), swap tube (something stuck)
sceretions +| suction
anr leak *| check all connections, circuit and ETT
hyperventilation assess and treat comfort, consider increased MV need

l increased compliance (VC) }

»| consider going up on TV 10 use more lung
decreased TV (PC)

| consider increasing PC, but also look at PIP

In pressure control ventilation when we may not have access to PIP or Pplat to identify these trends,
there are other parameters we can look at. Most obvious is VTe — as compliance decreases, VTe will drop (and
vice versa). In the case of airway obstruction, often times we won’t notice initially because the machine
essentially accommodates for this increased airway resistance by using less flow initially:

normal obstruction
+ + [
time = time
result is less VTe
(represented by area
2 under the curve)
+
E | time > time >

197 Briggs & Freese, 2018 - There are also lots of weird cases out there to explain things that can happen, the chart above should not
be assumed to be an exhaustive list of causes or fixes; as an example, this referenced article from JEMS oultimu a case of high airway
pressures related to an ETT positioned wath the beve! up against the wall of the trachea - the fix here was simply to rotate the tube 50

degrees
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Since we don’t typically monitor waveforms with mp{.tygti]emrs. an airway obstruction may not
get noticed in PC ventilation until it is severe enough to impact YAe.'®® The best way to catch these sort of

things before they have an impact on patient outcome is by setting alarms appropriately so that we are notified

right away as things change (see following section).
W ’ .il ]L'
z »’ )“’ L "’! -
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Next on our list of things to discuss are alarms. We won't talk abouit all the alarms that our machines
might have, but we will talk about a few of the important ones. We can break alarms down in to two general
categories: ones that we set and ones that are default on the machine,” Those default ones may be different
between machines, but deliver similar messages like, “hey man, yotr circuit got disconnected” and “oh snap,
we ran out of oxygen.” Those ones can be referenced and learned about in the manual for whatever machine we

happen to be using. The other ones, the ones that we set, are th¢ one’s fve’ll focus on here. B
One important alarm we set on the machine is tZZlghm‘ e aldrm (which goes off when ourhigh=__
pressure limit is reached). The reason this alarm is so i is if it gets triggered, the inspiration
cycles off (in most vents). That means that if we have a situation where we repeatedly trigger a hl'g_h_:g;rgs_ur_e)
alarm, we may end up with a MV that bottoms out and a patient that quickly deteriorates. Imagine we place a
patient on the vent who has either an untreated airway obstruction or poor compliance ~ if we try to ventilate

this patient in volume control and at normal settings, every breath that goes might trigger the high-pressurg >
alarm and get terminated early with a net result of almost no MV. The reason this safeguard exists, in spite of

this risk, is because we could for sure cause a lot of damage if we accidentally give too much pressure.

Moral of the story here: if we are in volume control ventilation and have a concern for increased airway
pressures, we should consider going up on khe'ﬁ'lg/hﬁusurc Litnit before putting the patient on the machine in
order to avoid dropping our MV. On the flip side; ifi pressure control we need to vigilantly monitor MVe (and
also VTe, but to a lesser extent) to avoid the same issue (of decreased MV). Which leads us the next most
important alarm we can set: low minute volume. We set this limit at a reasonable value below our MV goal so
that if things get weird and MV starts to-drop, we get notified right away before our patient suffers. In this way
we utilize th{ﬁ"lgh-pres;ure}d lowMYV alarms to simultaneously ensure both safety and adequate ventilation
for our patients. ~ I

As far as setting the hjggcsmfé‘and low MV alarms, that is a bit dependent on our margin of safety
and when we want to be notified of changes in the system. As a general rule of thumb, the high pressure limit
should be no more than 10cmH:O above your PIP. If, however, your PIPs are already high of normal, consider
setting the high pressure alarm 5cmH:O over that value:

Alarms'®

19 We can also (again, this is in PC) look at flow as calculated and delivered automatically by the vent - higher flows mean less

resistance, so even if we don’t know ranges or normal values we can still use this concept to trend changes

Iy and | crences | t
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= -~ high pressure ~.‘\ high pressure
} 5-10cmH20 above PIP = 5-10cmH20 above PIP

5-10cmH20 below PIP
~=== low peak pressure

+

2-3cmH20 below PEEP

N S low PEEP
g time >
g time = .
, . pog 3. 1
In the event of one of those situations which may lead to repeated triggering of the high pressure alarm Titrating Up-on VTe / ¢ i
and sudden drop in MV, go up more on PIP (even beyond 35¢cmH20 if need be) to maintain MV. Note that this / ’“A
would be a short-term fix and we should start to consider other strategies right away: trial pressure control As another general rule, we always try l/o/ get V,'Ié as as possible (without causing damage) unless
mode, consider pharmacological and procedural interventions, etc. we have a good reason not to. The reason is that by recruiting as much lung as possible, we improve the
As for the low MV alarm: set that within 10-20% of the MV goal that we calculated when we first patient’s capacity to compensate for challenges and we can alsa titrate RR'down while maintaining MV (which
started into this process of getting the patient on the vent. If we have a patient breathing in excess of that goal . decreases that %TaDP concept). In additidn, this will allow the patient to moce easily maintain ventilation after
and we want to know if that changes, we just set the low MV goal 10-20% below what they are currently at. In L J - é‘txtubllimll md;an improve recovery tintes. So even though it may not seem like.g necessary strategy in the
any case, the low MV alarm is just a catch to alert us when we've missed a change - typically we will be on top acute settings, if all is well and we oaly ake changes towards this end of hi e, we ius}n }o d«w fﬂ the Lele o7
/ S Feeys ” I ] (5] g e

of these trends and notice things before the alarm even gets sounded, but sometimes we get distracted by other “— sake of the patient. ;
interventions and this backup system can keep us notified. As we work towards highey'VTe, either by increasing TV in volume control or by increasing PC in

Other alarms that we can set to help us better keep track of what’s going on with the vent and our patient pressure, we need to ensure that ywe don't cause barotrauma. The simplest way would be to limit Pplat to
are low peak pressure, low frequency, and low PEEP. Low peak pressure alerts us when the expected peak  ( P!P ) 30cmH20 - the value which we'identified earlier as the upper limit to safe ventilation. That strategy, however,
pressure is lower than we would expect; this could indicate a cuff leak or a loose connection (an actual ignores the fact that there is 3/significant amount of variation among individuals. Instead we can titrate
disconnection would probably trigger a disconnect alarm, one of those non-adjustable alarms consistent across towards (and maybe even beyond) that limit and see how the patient’s lungs do in response. If they seem to
machines, as the pressure would drop much more significantly). Low frequency can let you know if the accommodate that change/in pressure without problem, all is well; if they don’t, we can dial back.
patient’s RR starts to decrease - this is good if the patient is consistently breathing above a set RR and we want Before we get into the details on how to make that determination as to whether or not an increase in

to be aware if that intrinsic effort changes. Lastly, low PEEP lets us know if the end expiratory pressure drops pressure is safe or not/it is worth mentioning that this strategy doesn’t apply to patients with ALI/ARDS (ie.
below our set PEEP. This could indicate a slow leak or cuff deflation. this is one of those “good reasons not t0”). As noted before, there is some evidence now that we want to limit

That's just a quick, short overview of alarms; recognize that the most important ones are high pressure the pressure differ/ ce between PEEP and Pplat (termed “driving pressure”) in these patients. While we still
and low MV, but that there are a number that can help us be aware of changes in the system as we work through want to maximiz?use of the lung in those patients, the approach is different and involves higher PEEP and
a transport. Because there is so much variation between machines, the best way to get familiar with the alarms smaller TVs to Jac.:omp]ish the same thing. There may eventually be comparable recommendations for patients
you will be working with is to read the manual that comes with the machine. Super fun reading, but it’s good other than those with ALI/ARDS, but for now the data is scarce and only focuses on this particular patient
information and can help you fine tune the feedback from the vent so that you can better monitor what’s going group.

with the patient.
( And we’ll end with a graphic to show how some of these alarms would be represented on that pressure

over time waveform in volume control ventilation: 2, "
e
\ ‘\
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Back to how we go about making sure our increased pressure doesn’t get taken too far: in VC we
increase TV until we notice a spike in Pplat or a decrease in compliance; in PC we increase PC until we see a
decrease in compliance or no increase in VTe afier the adjustment. Once we hit either of these limits, we then
titrate back the last increase (of TV or PC) to where things were just before the previous adjustment. To map it
all out with ’-)nés in the chart representing reassessment during transport:

Rykerr Medical’s Vent Management Guide
Acute Deterioration

The next thing to chat about is what to do if the patient begins to decompensate while on the vent. We
will start with a common memory tool to address some of the major causes of acute deterioration of the
mechanically ventilated patient:

4
{ K Volume Control Example The “DOPE” Mnemonic
Step# | TV | Pplat | Compliance Action issue action
(ml) | (emH;0) | (mlVemH,0) D | displaced tube confirm tube placement
1 500 15 50 Increase TV O | obstruction suction, check for kinked ETT, consider bronchospasm
2 525 16 48 Increase TV Pl P | pneumothorax remove patient from vent and decompress’ place chest tube
3 [550 16 50 Increase TV \pﬁ:f’ E | equipment failure | check all connections
4 (515 21 36 Decrease TV { Jo
5 [ 550 16 50 No change, monitor The “DOPE” Mnemonic is easy to remember and can be used to guide the initial troubleshooting
6 | 550 14 61 Increase TV SM} process when the patient starts to tank due to some unknown. Many of these occurrences can be tied to vent

Note that even though Pplat doesn't get up to our previously established limit of 30cmH20, we
recognize that an increase beyond a TV 550 (line 4) gave us a spike in Pplat and drop in compliance, therefore
we may titrate back a smidge and wait for the lungs to fill more before moving back up (line 6).

It is worth mentioning here that VTe and compliance will likely vary from breath to breath and therefore
it isn’t quite as easy to recognize these trends in real time, but the general idea hold true. Also, this whole
concept can be considered as an “icing on the cake” sort of thing — we may not get to this point in our vent
management and that’s just fine.

x wed 7 14 \ 4 "\.’1 . appropriate interventions to be taken. i
W ) * " ?" s h

alarms or other assessment parameters, but that depends on which type of machine we are working on and what
tools we have available, For example, a tube displaced too deep will likely result in a high pressure alarm (or
eventually a low MV alarm) and a tube displaced out of the airway will likely result in a low pressure alarm. In
regard to other assessments: a tube displaced too deep may result in a high MAP, low VTe, patient discomfort,

etc. and a tube displaced out of the airway can result in a low MAP, drop in EtCO; with change in waveform,
Pressure Control Example hypoxia, etc. ;
Step#| PC | VTe| Compliance Action o Because there are so many things to consider, building an algorithm to troubleshoot each possibility gets
(cmH;0) | (ml) | (mVemH:0) <" abitcimbersame. But just for kicks we'll do it anyways. Before we get there, however, let's consider a few
1 10 500 | 50 Increase PC T more things. First of all is that acute deterioration of the vented patients doesn't always mean that there is an
2 11 550 50 Increase PC “de issue with the vent — it could be some other (patho)physiologic issue related to whatever else is going on. If it’s
3 12 550 46 Increase PC_[p} ,4.1) a vent thing, then we mess around with the vent; but if it's another issue, our interventions should focus on
4 13 550 42 Decrease PC drugs and procedures and that sort of thing. Think of it this way:
5 12 550 46 No change, monitor
6 12 600 50 Increase PC

which kind of ssue do we have”
| vent issue

do vent things

do other things

The idea here is to only manipulate settings on the vent if inappropriate settings are causing or
/.conuibuting to patient deterioration. If something else is causing deterioration, then there may be more
v o s 2 .
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Other Random Things There May Be Questions About
Filters'"?

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

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

breathing
machine
NN

Now we could work around that by placing the filter at the patient’s face/ ETT or even on the exhalation
side of things, but the face option will increase mechanical dead space (discussed in Appendix) and the
exhalation side option may not be available with our transport vent. That said, placing a filter near the ETT
may be warranted in certain cases (tuberculosis, flu, etc.), just know that in addition to the dead space issue it
can also impede the movement of air (or flow) and that the fix for this is to increase air movement into the
system (in VC this will probably happen automatically, in PC we may have to increase the pressure put into the
system) and watch for adequate exhalation. But if you have a patient with some type of bad stuff that you don’t
want to breath in and neither of these strategies/ placements is appropriate or possible, be sure to mask up!

breathing
machine

119 Wilkes, 2011a & 2011b - He gives the most in-depth discussion of both filters (this section) and humidifiers (next section)
. 06-
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Humidifiers'!! !

Humidification of air is important in mechanical ventilation, because dry air can cause damage to the
lining of the respiratory tract. No need to get into the details here, just know that absent any contraindications
we ought to try and add some degree of humidification to the air we push into the patient’s lungs. We typically
do this in transport by placing a humidification device called an HME (humidification and moisture exchanger)
between the ETT and wye of the vent circuit. Placing the device further up on the inhalation side of the circuit
would not work, as the device functions by trapping moisture (and heat) from exhaled air and allowing it to
be blown back into the patient's airways: s firs }")05 ‘9)7 ead N

moisture (and heat) from exhalation “trapped” by the””
device and then re-breathed on the next breath

2. inhale and rebreathing
breathing
machine
1. exhale and trapping
ik, 200
It is worth mentioning that the HME is often the biggest contrjbiitor 1o our mechanical dead space (as

outlined in the Appendix), but it ought to be used unless we have reason not to. First (of two) good
reasons not to would be small TVs, such as kiddos or ALVARDS patients. In these situations, we want to
minimize mechanical dead space as much as possible. Now there are smaller HMEs designed for littles and
here's the basic idea on that: HMEs are rated to provide humidification for a certain amount of TV, higher value
corresponds with more space needed within the internals of the device and, therefore, more dead space. To
make this clear, let’s look at info from one particular product line:'"

~ DAk Humg. Vet v
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' we soc here that more capacity for humsdification

‘ correlates with mors dead space

4

L e el

'!! Yartsev, 2018b - Excellent discussion of the passive style devices used in the transport setting

"2 Gillies & friends, 2017 - This Cochrane Review has d d that HMESs are comparable to actual humidifiegs in providing
therspeutic benefit and avoiding primary compl of blowing dry air in to the patient's throat — while lhey?‘udmu that more
research is needed, it's good to know that HMEs do have demonstrated value

113 Teleflex, 2019 - Just 1o be clear: no relanonship/ conflict of interest here — it's just really nice how they lay out all the product info
like this for us to talk about @
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In-line Nebulization
Second good reason not to use an HME would be the concurrent use of nebulized medications.'"* We

want those drugs going into the patient, not getting absorbed by the HME. While we could theoretically place
the lp-]ine qebul"-zer between the ETT and the HME, that could also result in decreased medication
administration unless we also added in a spacer. But then we'd have a huge amount of dead space and we
already established that we want to cut down on that whenever possible. Also, the need for an HME is less with

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

_ the important things:

a nebulized medication because we are actively pushing moisture into the airways along with whatever

medication is being given. One last time: no HMEs with nebulized medications. Don't try to rig it up to make ' e be from

it happen, as this will cause more problems. It is, however, OK to remove the HME for administration of a pobelizer cup gocs ou the - J e e

nebulized drug and then reattach it as soon as that is done. ot /- - L S
One other situation in which we ought to exercise concern with an HME would be increased secretions, spacer fills with medication A

as the HME can get clogged up to the point where it impedes air flow. This isn't a situation in which we never dring exbalaion, aliows for Yy

use an HME, rather it's one of those cases where we need to be aware of potential problems. Inc in PIP in smdu—— ~

VC or decreases in VTe in PC would likely be our first indication of an airflow problem of this sort.*If this ; ,

happens and we are worried about an HME getting clogged up, we can either remove the device or replace it machine

with a fresh one.

Very last thing about HMEs before moving on: while the HME does provide some filtration of exhaled -
air and certain devices may even be classified as both filters and HMEs, the filtration here generally isn’t quite O
at the same level of efficacy as an actual filter P—
if we put the nch cup here then lots of the medication . HME gets taken out so that it doesn't
will get lost to the exhalation side of the system; trap all the medication prevent delivery

if we put the neb cup plus the spacer bere, we increase
mechanical dead spacer by the volume of the spacer

That should be clear enough, but just to expand on a few things: we may need adapters and extra vent
tubing to make this work, so we should plan ahead and have that stuff available in pre-built kits. The spacer is
important, don’t throw it away every time you open a circuit... Some machines recommend specific chang, to
settings to facilitate this process, read up on that and/ or have a chat with the manufacturer’s rep.

\ r
gl;_‘ ¢ efr: T
wiptt

As we mentioned before, compliance is a measure of how much the lungs fill per unit of pressure put
into the system. In math terms is looks like this:

Compliance (and Resistance)'!* 116

fance = 8V __TVorvre
compliance = 3p = (Pplat — PEEP)

While a normal compliance (healthy and breathing spontaneously) is somewhere in the neighborhood of  ~
100mVemH;0, we often see values much smaller than that in our ventilated patients. The best way to utilize
compliance during transport is to keep track of trends: increasing compliance is good, decreasing compliance is
bad. If we do something that results in poorer compliance, maybe second guess whatever that change was. if
we do something that results in better compliance, high fives are warranted. Acute causes of decreased

/
/

/" 13 Trainor & friends, 2019 ~ This video reviews both of these concepts in a very succinct and straightforward way
114 And see the very next section for a discussion of In-line Nebulization ‘ 16 (G to static and dy for B ek 5 N
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compliance would be a worsening pneumothorax, inhibition of chest wall expansion, chest wall rigidity caused
by certain medications, increasing VT or PC beyond the capacity of the lungs at that given time, etc.'"”

A related term that we haven’t mentioned yet in this manual is resistance. Resistance and compliance
are often discussed together under the umbrella term of “respiratory™ or “pulmonary mechanics” — that's why
we talk about it here. Now the algebraic expression of resistance isn’t quite as straight forward as for
comphance and we often simplify it by making assumptions, so we're just going to skip on ahead and note it
like this:

resistance = PIP — Pplat

Resistance, in this simplified manner, is the limitation to air movement that must be overcome in order
for us to arrive at a state in which air in from the machine gets to the alveoli. Assuming Pplat remains constant,
resistance is represented by PIP. This means that we can approximate changes to PIP to signify changes to
resistance. So things like kinks in tubing, biting on the tube, excessive secretions, etc. that we previously
mentioned were potential causes of increased PIP and unchanged Pplat correlate with an increase in resistance:

T
[

abdommal disentnm s ich | aspiration
| nickctass. L ETT occlusion
AuoPEEP secretioms
\I chest wall burn —
| m“"_“ - FERMANCE s
pulmonary contusion \
pulmonary edems complisnce wews

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

"17 And all of those high PIP, high Pplat situations we discussed in the section on Watching Pressures
-100-
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Driving Pressure'!*

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

AP = Pplat - PEEP

With our ALI/ ARDS patients, we try to limit driving pressure as much as we can to a max of
15cmH;0.'%® Which is generally pretty reasonable, given that we use high PEEPSs and low TVs in these
patients anyways. All these concepts combined describe another strategy that may sound familiar — open lung
ventilation.'?' The idea here is that we keep the lungs as filled as possible (i.e. alveoli inflated) throughout as
much of the respiratory cycle as possible. Again, this concept of limiting driving pressure and an open lung
strategy are specific to the AL/ ARDS population.

With that said, there may be a case for a comparable strategy in other patient groups, there just hasn’t
been much research on that to date. The one downside of this limited driving pressure/ open lung approach is
that it can be tough to blow off CO; as much as we’d want. We said way back when that permissive
hypercapnia is often a thing with ALL/ ARDS, but that may not be the case with other patient groups. Another
consideration here is PEEP. PEEP is not a benign thing and we for sure need to consider all of the negative
consequences of this approach'?? before applying it to all patients. For now we have pretty good evidence that
limiting driving pressure and utilizing high PEEP is a good thing in the ALI/ ARDS population, but such a
strategy may not be best for everyone.

""Bugedo & friends, 2017 ~ Succinct overview of the concept of driving pressure and research done to date (as of a few years ago, at

/ least!)
/ #belllprmum.uuemcmsetmﬁnlnadmughn“delu“lslgmmicmahtermﬂm“ccmuuinlouofsettingsmdto
escri

1be many different pressure changes — that said, we're still going to use it, just know that 1t doesn't always mean driving pressure
1% Weingart, 2016; Bauer, 2016 — Both podcasts look at a 2015 study on the subject
12! Nickson, 2019¢ ~ Concise overview of the idea with many more resources cited
132 As discussed in Positive End-Expiratory Pressure
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Recruitment Maneuvers'?

A recruitment maneuver is an intentionally prolonged inspiratory hold that we perform in order to inflate
alveoli. We posed hypothetical situation at some point earlier on in this manual about why we don’t just blow
up the lungs and alveoli with oxygen and let it sit like that for a while; we said then that we still have to
consider the ventilation/ CO; side of things, but the idea itself does have some merit. That said, the value of a
fecruitment maneuver is more in the ability to open alveoli past that difficult-to-open stage than in the inflow of
oxygen for a sustained amount of time, as the amount of oxygen in that air quickly begins to drop as oxygen
diffuses in to the bloodstream and we don’t replenish the supply: 124
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A recruitment maneuver can be used to gain recruitment in any patient group but has been most studied
with ARDS patients. As far as the specifics about how long to do the maneuver for, how often to do it, if we
should augment the pressure above what inspiratory pressure we are already at, etc. — answers to all those

questions vary significantly and-we-wil-simply-point-everyene-in-the.directian of some good sources of
information and let fate take it from.there: Just know that in the hypoxic patient, performing a recruitment
maneuver or a series of them may help overcome alveolar inflation pressure which results in better diffusion of
oxygen '#
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Triggers

Triggers are the thresholds by which the machine knows when a patient is trying to breath on his or her
own. We first tried to communicate this idea via the following graphic:

+

{WALNS

And then we footnoted the idea that that downward dip in pressure at the start of the waveform is more a
sketch of convenience than an accurate representation of how things actually occur. In most cases the trigger
that makes the machine recognize patient effort is based on flow rather than pressure. While some machines
will allow you to use pressure triggers (normally around 1emH:0O), these triggers are in relation to atmospheric
pressure and, therefore, PEEP must be overcome to “tell” the machine that a breath is needed. It looks like this:

machine delivered breath

patient triggered breath machine delivered bresth

adequale pressurc trigger, brings madequate pressure trigger, does not
pressure below “OcmH,0” bring pressure below “OcmH 0~
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So pressure triggers are a thing as we initially drew it out, but not the most common thing because of
this PEEP-that-must-be-overcome issue. We sometimes do use pressure triggers in cases of auto triggering (i.€.
when we see too many triggered breaths due to things other than patient effort, such as bumpy roads in an
ambulance or turbulence in an aircraft), but for the most part we stick with flow triggers. And a flow trigger
would look something like this:'*

volume control pressure control ﬁ

+
Ed
énme'-)

Now to measure flow changes against a zero reference (i.e. we assume the pause between breaths to be a
zero-flow state) the machine uses a concept called bias flow. Bias flow is a baseline flow of air into the system
against which changes are measured. So when the machine says there is no flow going in to the system, there is
actually some flow going in, but it gets factored out by the machine. Let’s draw it out with an assumed bias
flow of SLPM just to see how it works:

oo
o
,:‘M"':.—!““- aam flow of SLPM i thus drection -E
breaihing
= & mahane
.
scrence happams bere o measre flow, but the
SLPM from the machine et (actored out and
the dusplay says we are in @ rero- low watc
P
-""“‘P‘
o e bias flow of SLPM in this dhrevtion o ——

paticn “pulls” 2LPM more of wr 1o tigger 4 brosth. the scicrilfic messureent i
SLPM b flow + 2LPM effort = TLPM tocal

b e machin tclls us 2LPM because we factor ot the SLPM it put m lo start with

16 A4 before: this assumes a square wave pattern in VC, which 1s common in the transport setting but not always the case
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;,,,1 ' K\u\&"

| change in the rate of movement) if is to measure movement against nothing (i.e. initiation of movement).

It also allows for things like PEEP and the delivery of nebulized medications without-having-tochange up the
way- mwmmwﬁdgs are implemented. But enough on that. The point worth knowing is
that a flow trigger cannot be set to a value greater than the machine’s bias flow. So in the case where we have

lots of accidental triggers (i.e. auto triggering is happening) and our trigger is set at SLPM and we know our
machine has a bias flow of SLPM, we can do one of two things on the machine: switch to a pressure trigger or
change (increase) bias flow to accommodate a higher trigger threshold.

And while we are on this point, it is worth discussing things we can do to address auto-triggering other
than manipulating settings on the vent. First is to try and identify what input is causing the triggers. Ifitisa
bumpy road or turbulence, perhaps getting the vent circuit off of the floor of the vehicle can alleviate the issue.
If it is one of us crewmembers kicking the circuit, just stop doing that. Sometimes we get down a rabbit hole
trying to accommeodate a situation that can be avoided in the first place by taking a step back and seeing what 1S
going on beyond the machine itself.

Let’s summarize triggering up to this point: triggers are thresholds we set for when the machine knows
that the patient wants to take a breath. We most commonly use flow triggers, but some machines allow for
pressure triggers as well. Flow triggers are based on and limited by bias flow; normal bias flow is SLPM, that
gives us a range of 1-SLPM for setting our flow trigger. And for reference, 1-2LPM is commonly used in a
hospital setting. Auto-triggering happens when the trigger is inadvertently met by movement other than patient
effort to breath. Fixes to auto-triggering include mitigating the cause of the inadvertent trigger, increasing the
trigger threshold, or trialing a different type of trigger.
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Prone Ventilation
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Prone ventilation is when we lay our ventilated pdtient face down g/ the bed or strgfcher. Arguments

and evidence in favor of
healing of damaged tissu

prone ventilation include thingg like better V/Q match, decre: shunt, improved |
e, lower-airway-pressures, etc/ The downside to all of this, however, is the logistical

limitations of managing a pronated patient. Much of what we do requires access to the patient’s front side and
manylof the tools we use in medicine are designed with the supine patient in mind. AH that said, it is likely that
we will see more of this in years to come so it made sense to do a quick survey as to where things are at in

regard to prone ventilation in the field.

Prone ventilation has been mostly studied in patients with ARDS. Given that ARDS isn't something we
commonly diagnose or come across initially on scene runs, it seems likely that most of our prone ventilation
will be done in the context of interfacility transfers. Which is good, because the process of getting someone
pronated with an ETT and vent in place isn’t the fastest thing we could do and managing an airway on an
already pronated presents its own complications. So interfacility transfers of ARDS folks seems to be where we
will most likely be using this technique as critical care transport providers.

We mentioned before in our section on ALARDS that recruitment of alveali is very important. So }
while it may be tempting to simply flip a pronated patient over for transport and then let the receiving facility AL
re-pronate them, this could potentially set progress back quite a bit, so we want to do what we can to keep ou/‘
actions in line with overall clinical course. That said, many treatment guidelines/ algorithms for this sort of
thing include cyclical proning on some sort of schedule, so it may be worth scheduling these transfers in line
with transport capabilities (i.e. with no capacity to transport a prone patient, simply wait until it's supine time
and make it happen then).

When it comes to the physical process of flipping someone over, there are a number of techniques and
tools than run the gamut from a RotoProne Bed'?’ to simply using a flat sheet.'?® Proning can also be
performed at the time of transfer from one bed or stretcher to another (for example, let’s say we are going from
a hospital that doesn’t do this to one that does — we could facilitate this at either end of the transfer).'? This /
means that even if we don’t transport a patient in a prone position in our vehicle, we may still get caught up in

the process at some point. /
A few considerations about transporting a pronated patient: access to the airway may be difficult or |

impossible, access to the anterior chest wall (for EKGs, assessment of heart and lung sounds, needle

thoracostomy, etc.) will be limited, and stretcher/ sled configuration may dictate that the patient be horizontal.

For all of these reasons (and probably a great many others), it may be quite some time (or etemity...) until /
certain programs and crews decide to attempt this but rest assured that it has been done already'* and will

likely become more common in years to come.
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When is it OK to Disconnect the Vent Circuit?

One last thing to discuss is the idea of disconnecting the vent circuit. Many of us were taught thll the
first action to do when we run in to problems with the breathing machine is to turn it off and start begging the
patient witha BVM. Not true. Most of the issues we come across can be managed with the vent itself. _Anq
our hope is that this manual has shed light on a number of those things. That said, there are still some situations
in which disconnecting the vent circuit is the best thing we can do. We will discuss a few situations in
sequential order: cases when we for sure need to disconnect the circuit, a case when we may need to disconnect
the vent circuit (depending on a few things), and cases when we don’t need to disconnect the vent circuit (but
that some folks might try to argue with us about).

First situation in which we for sure need to disconnect the vent circuit is with a tension pneumothorax.
Positive pressure ventilation can further tension a pneumothorax pretty quickly, so we need to fix that issue
right away before we make things worse. We talked about this a bit already in the section on Other Potential
Strategies and said that we may opt to ventilate trauma patients at risk for a pneumothorax with 100% oxygen
so that they have more of a reserve in the event that we need to discontinue ventilation and perform a
decompression or place a chest tube. Another case in which this may come up would be a patient with a chest
tube already in place and then a need to clamp the tube momentarily,

The second situation in which we for sure need to disconnect the vent circuit is with AutoPEEP that we
can’t fix by other methods (i.¢. lengthening I-time, trialing VC, dropping PEEP, pushing medications, etc. — all
outlined in the section where we discuss & Bronc! strategy). Failing to address AutoPEEP will lead to

Xigh pressures (and subsequent alveolar damage) or low MV, neither of which is conducive to a sustainable
/" Ventilator strategy or good patient outcome. Simply break the circuit, allow the patient to exhale, and then

reattach the circuit again.

Now the next case is one in which we may need to disconnect the vent circuit (but not always!): CPR. If
the particular machine we are working on has the capability to breathe for the patient in a true CMV mode, then
we should leave the patient on the machine — it will do a better job than we can manage and also frees up a set
of hands to do other things. If, however, we can’t put the machine in a true CMV mode, then we will likely
trigger breaths with each compression and result in way too many breaths being given. This may be one of
those cases in which a machine with less options makes things easier — the “CPR vent” will ignore all other
things and just give air at a set volume when the timer tells it to,'*!

Now there is the argument that ventilating a patient by machine during CPR leads to terminated breaths
when a high pressure limit is reached and therefore a precipitous drop in MV — this may be true, but your BVM
likely also has a pop-off valve on it (which you may or may not be able to disable) and you can titrate up that
limit on the vent.""? The exception here (i.e. when we can take a patient off of the vent and deliver breaths by
BVM) is when we have a trained medical professional who can follow directions and who is going to deliver
those BVM breaths in synch with compressions (i.e. breaths given in between compressions). In this case,
maybe we deliver breaths by BVM during CPR.'*

And lastly are cases in which there is no routinely justifiable case for disconnecting the vent circuit.
First on this list is a ventilator alarm - don’t disconnect the vent to troubleshoot an alarm unless you are
addressing one of those specific issues listed above. Breaking the vent circuit will lead to more alarms and
distractions and takes the focus away from what the machine was trying to tell us in the first place. Read the

i,
)

1y the
20 pressw (r

' And all of this may someday become a wasted lrgumem 1f we transition to widespread use of a passive/ high flow oxygenation
strategy dunng CPR, but we'll let it stand for now
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alarm, then silence it, then troubleshoot the underlaying cause. If it alarms again, the solutions we tried wasn’t
a success and we keep working at it; if the alarm stays quiet, consider it solved.
Second case in which we do not disconnect the vent is patient deteriodhtion. Again, this is for a cause
other than pneumothorax or AutoPEEP, as in a patient deteriorating and we don’t know what the reason is.
) I Y ek b ] L i bty \ 1y

1lso put 1t the
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A Proposed Protocol/ Flowchart

We said already that the goal of this leaming experience is to know enough about vents that we can
break out of the “cookie cutter” approach to management and understand why make changes and how that
impact our patients. That said, it may help to have a framework to work with while we move towards that goal.
We’ve tried to create an algorithm that covers all we’ve talked about up and that is also generic enough to apply
to different machines. 1t's here to help folks work towards a higher leve! of competency or'to simply take some
of the load off of one’s cognitive demandywhen things get busy on scene or in transport.

" A few other things: there is a word version of this two-page algorithm (plus the third page of optional
reference charts) on the website if you want to make changes to it in order to match a specific machine or set of
guidelines/ protocols. And then there's an annotated version (just after this blank one) to reiterate some of the
concepts and to link readers back to sections of this manual where things were discussed the first time
around'*. There’s also a bit of extra information about a few straggler ideas that we didn’t discuss in previous
sections.

L'p = Big Three = Keeping Things Going = Troubleshooting (1 ¢ detenoration)
I'ind o wav to explaimn this flow/ process

B4 100 his after everything else 1s done
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1. Prep
Geta
Do so

. Consi

ocan o

2. Determine Settings
a. Patient Already on Vent

I
ii.
Iii.

Check circuit, attach EtCO; and HEPA ﬁlt?r. ?onsider need for HME and/or suction
X .

How to do Vent Stuff

report from sending
me arithmetic: IBW, TV, MV

Assess the patient

der a strategy

e,

% Abh N
i :‘ \,,‘..,‘ Pt !

{r-) HN )

/

-

Assgss the, Three Big Things: oxygenation, ventilation, & comfort
If acceptable; mirror setting 9 ‘\"'
If uhacceptable, either: & 4 P v
“1. Adjust to fix it _) 1 &
2. Stant from scratch (below) S e

b. Patient Not Yet on Vent

i. Dial in desired TV (or PC at 10-15cmH20)

Determine Mode & Control (leave at default settings/ choose appropriate profile unless there is }
good reason to do otherwise) Nt t s

L),r’ 3 P\
Adjust rate to 17 for adults, within suggested range for pediatrics \ T f {)
Leave all other settings at whatever the machine defaults to, unless: =

Consideration _Intepvefition  TH a fv g %
Bronchospasm | Increase I:E (21:5) by decreasing RR (afid maybe I-time also), then titrate TV (or PC) up to
maintain MV as able; consider less PEEP
Hypotension Limit PEEP
Increase TV to 10ml/kg IBW (or max Pplat) and decrease RR to maintain MV /
Acidosis Use high end of TV (goal): 8ml’kg IBW
Increase RR: pre-intubation rate, to get prior/goal EtCO;, or double normal value
ALI/ ARDS Decrease TV to 4ml/kg IBW and increase RR towards MV goal (maybe consider
permissive hypercapnia)
Higher PEEP

3. Initiate Ventilation
*consider clamping ETT on transfer to vent if concerned with recruitment
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4, Parameters to Consider

Rykerr Medical’s Vent Management Gulde

Parameter Normal Interyention Tlasis, t De
SpO2 93-99% Low: consider position & suction, increase FiO, then increase PEEP
(1-2cm incrementally); consider pathophysiology/ medications;
increase I-time/ invert LE )
High: decrease FiO; (unless contraindicated, i.e. pregnancy, anemia,
’ severe hemorrhage, etc.) i
EtCO; 35-45SmmHg Any abnormal value: consider etiology/ patient compensation for acid-
(30-35 with TBI) base imbalance
High: increase TV (max 10ml/kg IBW, monitor Pplat), then consider
increase in RR
Low: consider perfusion status, decrease RR (monitor MV), then
consider decrease in TV
Comfort Ramsay <5 or Analgesia and sedation
ANPS at provider Consider settings: MV, I-time
discretion Also consider tachypnea/ overbreathing
PIP <35mmH;0 Consider potential causes (lung and airway; check Pplat if need be)
Decrease TV
Pplat <30mmH:0 Consider potential causes (lung issues)
Decrease TV
AutoPEEP | none Increase I:E (lower I-time, lower RR)
Consider inadvertent triggering, trial VC if in PC, avoid high PEEP
Disconnect circuit to allow exhalation
MV 100ml/kg/min Low: increase TV and/ or RR
(200 with acidosis) | High: consider patient comfort, monitor EtCO;, decrease TV and/ or
RR, consider SIMV

5. Ongoing Management

Consideration Strategy T 1 ac (e B,
General Stuff Set alarms -
Go up on VTe if possible
Bronchospasm | Use drugs (in-line neb treatment, consider Ketamine for analgesia/ sedation, etc.)
Recognize that EtCO; may be elevated
Hypotension Use caution with PEEP
Adjust to MV goal with TV first, then RR
Consider fluids and/ or pressors early
Acidosis Maintain increased MV goal of 200ml/kg/min
EtCO:z may be out of ref e range
AL/ ARDS Address oxygenation with both FiO; & PEEP
Consider recruitment maneuvers and/ or an inverted I:E (may lead to discomfort)
Recognize that EtCO; may be elevated
Acute Disconnect the vent circuit? (i.e. tension pneumothorax or AutoPEEP)
Deterioration DOPE mnemonic

Vent problem (see algorithm) vs. other problem (do medicine)?
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6. Reference Charts Suggestions for Further Reading

Pressure change algorithm and soluti i is i
ge 2lg B 0THHONS Just some suggestions for further study based on what kind of medium someone is looking for. This is

I times and RR by age

not an exhaustive list, but just some places to start for getting better at the management of vented patients.
Equations for things

Audio
EmCrit Dominating the Vent Series
FlightbridgeED Vent Series

Video, Vent Specific
Strong Medicine Series on Mechanical Ventilation
Thoracic.org videos

Video, Physiology

Ninja Nerd Science, section on Respiratory
Kahn?

Text, Web-Based

Deranged Physiology, section on Respiratory
Life in the Fast Lane ~ ¢t a list ot specilics her

Text, Books to Buy
Look into this (Swearingen and Bauer maybe?)

Others: Airway Jedi?

-112-

=113 -



Return to Contents

Appendix
Alveolar Gas Equation

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

1 ATM = 760mmHg i’5

PO, = 160mmHg J
PCO; =0.3mmHg at the alveoli: /
PO; = 100mmHg |
PCO; = 40mmHg P‘ﬁ AT )
W\ o
?-" ) ¥
v pul v capillaries: ”\.\ ﬂ L
N PO, = 40mmHg L R
PCO, = 45mmHg )

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

The equation goes like this:'* J'u\ y \w?

PAO; = FiOs(Pum - Piz0) — (PaCO2/RespQ)

PAO; is partial pressure of alveolar oxygen
FiOx is fraction of inspired oxygen, 0.21 for ambient air
Paum is atmospheric pressure
Piuzo is partial pressure of water vapor at the alveoli, 47mmHg
PaCO; is as measured by ABG (or approximated from EtCO;), we’ll say 40mmHg
RespQ is respiratory quotient and is assumed to be 0.8'%

Given that Resp Q = 0.8, we sometimes see the equation simplified as so;
PAQ: = FiOz(Putm — Pi20) -1.25(PaCO;)

And since Pum, Pi2o, and PaCO; are all held constant in our thought experiments:
PAO:; = FiO(760 - 47) - 50
PAO; =FiOx(713) ~ 50

But back to our original equation:
PAQO; = FiOz(Pum — Pi120) - (PaCO2/RespQ)
PAQ; = 0.21(760 — 47) - (40/0.8)
PAO; = 100mmHg

" Yartsev, 2018a - He’s got a good graphic that shows the alveolar gas equation with all parts labeled, maybe makes a bit more sense
to the visual learners than how it is represented here

% Patel & Bhardwaj, 2018 — These guys describe the details behind this “respiratory quotient” idea; maybe not relevant to our
discussion of vent stuff, but good nerdy details for those who want more
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Other iterations of the alveolar gas equation that we demonstrated in the manual are shown here:
PAO; at 100% or FiO; 1.0 (no PEEP); "’ p 44~
/ PAO; = Fi02(760 — 47) - 50 )
‘ PAO; = 663mmHg / . \
qu’ falh /"6’_‘- J
PAO; with Scm PEEP"* (room air): rSA =
PAO; = FiO(760 (+4) — 47) - 50 {20

_J/ PAO; =101mmHg
{ 0"
y /f(_ PAO:; during inhalation (20cmH:O of pressure, no PEEP):
A PAO; = FiO2(760 (+15) - 47) - 50 z
‘ PAO: ~103mmHg V&

"\ A-a Gradient"?

The primary utility in knowing PAO; is that we can compare it to PaO; (partial pressure of arterial
oxygen) to see how well they match. The theory is that if the system is working well, the PaO; should equal
what we calculate 10 be the PAO. If we have a gap between the two, we can assume some sort of issue, such as
alveolar dead space (V/Q mismatch and shunt), diffusion problems, or increased oxygen extraction. Just know
that sometimes these concepts overlap and more than one may be Present at a given time.

We calculate an A-a Gradient (also referred to as “A-a Gap") as so:

A-a Gradient = PAO; - Pa0O,

We said already that normal healthy folks are assumed to have no alveolar dead space, but that’s not
entirely accurate — our bodies aren’t perfect and vascular beds are always in a state of flux, so a small degree of
gap is baseline and this value actually increases somewhat by age via this rough estimate: *0

A-a Gradient should be < (age in years + 4) + 4

Now we would typically utilize this gap to help direct treatment in a hypoxic state  if our patient is
oxygenating well, there’s probably not much value in working all of this out. Hypoxia with a normal A-a Gap
(in the vented patient) would mean that we just dialed in or calculated something wrong: FiO; or MV are too
low, so the moral here is to start simple and address the basics before getting the barometer and calculator out!
Moving forward, hypoxia with a true A-a Gap can be caused by different etiologies like we said above. We've
-alseady talked about V/Q mismatch, shu@d diffusion issues (across the alveolar membrane) previously and

/.m v

% Just a .fﬁendly reminder that SemH:0 is roughly 4mmHg
M Dpesn’t Ninja Nerd Scetnce have 8.v1deo on the? O the §

** Nickson, 2019a - Has a very brief outline of A-a Gradient that both provides us with this formula and leads us down our discussion
of oxygen extraction
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menuonec}vtha! fixes for these include keeping the head of bed up, oxygenating well to address HPV, ensuring
perfusion/ etc. — all the things we do already, 4!

Another reason why we might see a larger than normal A-a Gradient is increased oxygen extractiol
This is a fancy way of saying that the body is using up oxygen (at the tissues and organs) faster than we can
onload it into the blood at the pulmonary capillaries. Conditions in which this might occur would be sepsis,
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First let’s clarify a few terms
PaCO: is the pressure of CO in arterial blood
PACO: is alveolar partial pressure of
FeCO, is the fraction of expired CO;
EtCO; is the partial pressure of expired COz measured by our device

,[015

burns, thyroid storm, shivering, etc. — all the things that increase metabolic activity a whole bunch. Fix for 4

these things (on the vent) would be to increase oxygenation via higher FiO; and then PEEP. There may also Ly N} T We can assume that PACO; equals PaCO:* o

specific interventions for whatever pathology is going on: antipyretics to control fever, warming or paralysis to And also that FeCO; is equivalent to EtCOz, just in different units

prevent shivering, etc /12 foresapre

So to sum up all the things on A-a Gradient: this gap tells us when we have alveolar dead space, ‘or the connection between PaCOz/ PACO; and FeCO EtCOz

diffusion problems, or increased use of oxygen. While it may be fun to calculate an A-a Gap in ifansport, the They can be related using the concept of VCO: - L . exf !l‘:p

utility is knowing the actual number doesn’t help us much in our setting and it may be best to make assumptions VCO: is the amount of CO; exhaled the lungs per minute {ul b [’ / d—J'}

about the nature of a potential gap based on patient presentation. We should already be vepifying that settings - A AL

are at calculated goals, that oxygenation and ventilation are adequate, and that steps are éken to mitigate We see VCO: represented two slighll%ﬂm ways e {f !'d

potential alveolar dead space. If we’ve done.al of those things, still have an issue, and then have extra time on First way: VCO; = (FeCOz x MVe) #(FiCOz x VI) \\} i o p[& ,

our hands, then it may be worth looking in to. Barring all of those factors, just ke¢p it simple and manage the / FiCO; being fraction of inspired CO; ' PKO z '

basics. [ V1 being volume of air inhaled per minute g f, (75 / ya
[ Second way: VCOz = (FeCO:2 atvoolsr X MV Anveotar) — (FECO2 Dead Space X MVDcad space) -
( Since there’s almost zero CO; in both inhaled air and dead space air

Mechanical Dead Space Math

In order to quantify the effect of mechanical dead space, we first need to know how much volume each
of the extra components takes up. This varies a lot depending on which specific device we use and can be
found on the product labels that come with those devices, but we'll just generalize it here:

EtCO,; detector: Sml
l:uj:-<
\ HME: 35ml

distal bit of ET tube:
2ml for the adapter, plus
the tube itself (2ml)

other potential things

in-line suction contraption/ angle: Sml
flexible angle adapters: 10ml

filter: 50ml or more!

total estimate: S0ml
(exchuding the filicr, since we ofien put it elsewbere)

Let's next look at the CO; side of things first (Oz being the other side), as this is the side most affected
by this mechanical dead space. Our goal here is to see to what extent mechanical dead space (50ml worth of it,
as shown above) changes things during mechanical ventilation:

141 Sarkar & friends, 2017 — much more detail in to how we identify causes of hypoxia using not only the A-a Gap, but also other
concepts and calculations, provides a lot of detail that also re-explains some of the concepts we discussed way back at the beginning in
the section on Other Important Concepts

142 Nickson, 2019¢ — You can see a trend here that we really lnkgLuFLlndﬂmwuyhepmen:uhinusmnshon.!wedwnof\ny—’ﬁ Fru ,.‘1,
~

that come up

definitely worth looking at his page for to any other g
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We can simplify either of the two-equations to
VCO: = FeCO1xMVe ¢ FAILy 1PV
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Téofsg\\ t‘:

2aplwr .
VCO; for the normal human body at rest is about 200ml/min =
But to calculate it out for our patients, it might look like this
Normal EtCO; is 40mmHg (midpoint of our normal range)
40mmHg is about 5% of 760mmHg (atmospheric pressure)

____——  Soanormal FeCO; is 0.05 or 5%

Given our above formuland that we use a calculated MV

/-vco:=o.os ml/kg/min . ,;h

2 VCO#~ Sml/kg/mi J Zgo‘rll"' 3
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time, here’s how the process went:

1. Make assumptions:
a. “Normal Respiratory Rates” as outlined by PALS are good enough to work with'¥
b. Normal RR range for an adult is 12-20 (cited in many, many sources)
c. Anormal LE at rest/ spontaneous respiration is 1:2,'** but we often work with a ratio of 1:3 for
vented patients

2. Fills the gaps in the PALS “Normal Respiratory Rates” data set:
a. What gaps?

o
w
3
e no data for
e preadolescents
Systelc
Prossse Prossurs
e et o Mg e g
»e il no
©n e s
| o 8 =
, 72104 w.a wer
1 Ll @aea "
1 [ 20 - el
\ no info for the .t " ]
8-9 year range 152 1 olao now
1213 “a ne

14 And while there are gaps in their data, we can fill that in - 50 no worries!
de an assumption

YCite this, mavhe v
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b. Plot the existi i ; ;
best ﬁt?f;’“ﬁmg data using both high and low ends of RR by age, make charts, then add lines of 3. Doa lot of calculations (for I-times):
60s + RR = time per each respiratory cycle
Chart.1 Chart 2 Ex. For adult (low end RR): 60 + 12 = 5s
s v s e . p—— Ex. For adult (high end RR): 60 + 20 = 3s
&8 s LR
{ DR . I-time = time per each respiratory cycle + number of parts in that cycle
é .- i, ot Ex. For adult (low end RR, 1:2); 5s + 3% 1.7
2 : i i Wionis,, ¥ Ex. For adult (high end RR, 1:3): 55 + 4~ 0.8
i L ‘ , I «w Therefore I-time range for adults is 0.8 — 1.7s
- Aoty
4. Put all the data (both RR and I-time) into a chart:
Chart 3 Chart 4
- . ' Age Description Age (yrs) RR | I-time (s)
gt " | PR i Infant .083 (1 month)—130-53 | 0.3-0.6
o g b g Toddler 1-2 22-37]04-09
5 i § G Preschooler 3-5 22-28]05-09
. 2 e “ . School-aged Child 6-7 18-25|06-1.1
¢ Big Kiddos 8-9 17-25]06-12
; d o N L Lo Preadolescent 10-12 14-23[07-14
! i ta £ oo e Adolescent 12-15 12-20[ 08-17
Adult 16 and up 12-20| 08-17
¢. Using the better fits (exponential regression, higher r values), solve for the missing data points in . )
the PALS chart, then add those values in to a new chart (noted in rcd): 5. Compare the final chart to literature:
| Age Description Age (yrs) RR
Infant .083 (1 month) ~ 1| 30-53
Toddler 1-2 22-37
Preschooler 3-5 22-28
School-aged Child 6-7 18-25
Bio Kiddos B-9 72516
Preadolescent 10-12 14-23
Adolescent 12-15 12-20
Adult 16 and up 12-20

143 ¢ chart O 1 tth 1285 match O ¢ ',"‘I..“ ont

14 Range here was calculated to be 17-26 (see Epreadsheet), but we went with 25 since range for School-aged Child was to a max of

25 — this was an arbitrary decision, but makes the final product flow a bit better .
-122- .
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Transpulmonary Pressure
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