PREGLED MOGUCNOSTI ISTOVREMENOG VENTILIRANJA VISE BOLESNIKA JEDNIM
VENTILATOROM — KRITICKI OSVRT

Kriza izazvana pandemijom virusa COVID-19, te velikim brojem mogucih bolesnika koji ¢e
trebati ventilatore, osvjeZila je prethodna razmisljanja kako rijesiti taj problem. Krize u
proSlosti dovele su do razmisljanja o situaciji u kojoj bi bilo puno viSe bolesnika koji
zahtijevaju ventilatorsku potporu nego li raspolozivih ventilatora. Objavljeno je nekoliko
radova u kojima su prikazane sheme kako to uciniti. SVI Tl RADOVI SU EKSPERIMENTALNI |
NISU PROVEDENI NA LJUDIMA, VEC SIMULACIJOM POMOCU BALONA.

Zadniji rad koji se prosirio internetom, a prenijeli su ga i neke utjecajne novine,

https://www.dailymail.co.uk/news/article-8136299/Doctors-turns-one-ventilator-nine-

genius-DIY-mechanics.html

govori o mogucnosti istovremenog ventiliranja DEVET bolesnika jednim ventilatorom!?

https://www.upworthy.com/canadian-doctors-brilliant-evil-genius-hack-turns-one-

ventilator-into-nine

U navedenim ¢lancima NIGDJE NEMA SHEME kako to uciniti, ve¢ je autor na svom Twitter
profilu ”prikvacio” tudi video uradak s Youtube-a, koji prikazuje kako spojiti ¢etiri bolesnika
na jedan ventilator.

https://www.youtube.com/watch?v=uClg978o0ohY

Ovaj video uradak zasnovan je na ¢lanku: Neyman G, Irvin CB. A single ventilator for
multiple simulated patients to meet disaster surge. Acad Emerge Med 2006:13 (11);1246 -
1249

https://onlinelibrary.wiley.com/doi/pdf/10.1197/j.aem.2006.05.009

Glavni nedostatak ovog rada jest u tome Sto je analizirano samo jedno, pocetno mjerenje,
ne vodeci raCuna o promjenama tijekom trajanja ventiliranja.

Neusporedivo bolja analiza takve moguénosti objavljena je u ¢lanku: Branson RD, Blakeman
TC, Robinson BRH et Johannigman JA. Use of a single ventilator to support 4 patients:
Laboratory evaluation of a limited concept. Respiratory Care 2012:57(3);399 — 403

http://rc.rcjournal.com/content/57/3/399

U zakljucku autori navode sljedece:


https://www.dailymail.co.uk/news/article-8136299/Doctors-turns-one-ventilator-nine-genius-DIY-mechanics.html
https://www.dailymail.co.uk/news/article-8136299/Doctors-turns-one-ventilator-nine-genius-DIY-mechanics.html
https://www.upworthy.com/canadian-doctors-brilliant-evil-genius-hack-turns-one-ventilator-into-nine
https://www.upworthy.com/canadian-doctors-brilliant-evil-genius-hack-turns-one-ventilator-into-nine
https://www.youtube.com/watch?v=uClq978oohY
https://onlinelibrary.wiley.com/doi/pdf/10.1197/j.aem.2006.05.009
http://rc.rcjournal.com/content/57/3/399

Na modelu pluca, evaluacija primjene jednog ventilatora kojim bi se omogucila ventilacijska
potpora za Cetiri osobe, rezultati ukazuju da navedena tehnika ima bitne prepreke u
provodenju. U ovom trenutku ta se tehnika mora izbjegavati, buduci da je potencijalno
Stetna zbog neZeljenih komplikacija.

Razlog je vrlo jasan: Ne postoji visSe bolesnika s ARDS-om, koji bi imali identic¢ne ili vrlo
slicne karakteristike stupnja bolesti i plu¢ne popustljivosti.

U navedenom ¢lanku, autori upucuju na jedinu do sada objavljenu analizu moguénosti
ventiliranja (samo) dva bolesnika jednim ventilatorom, a koje bi, u krajnjoj nuznosti, bilo
moguce primijeniti. Radi se o radu iz 1994. godine:

Sommer DD, Fisher JA, Ramcharan V, Marshall S, Vidic DM. Improvised automatic lung
ventilation for unanticipated emergencies. Crit Care Med 1994;22(5):705-709.

Bit njihovog pristupa jest konstrukcija dva neovisna ventilacijska kruga priklju¢ena na jedan
ventilator.

Navedeni rad je u prilogu.
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Objectives: To design an improvised circuit
that can be used to extend the capability of a
single ventilator to ventilate two or more pa-
tients and that can be assembled from readily
available parts in times of unanticipated
emergency.

Design: Research and development, followed
by technical analysis and evaluation.

Setting: Biomedical laboratory.

Measurements and Main Results: We describe
two circuits that can be assembled from readily
available inexpensive components to function
as improvised ventilators. One circuit requires
only a central mushroom valve driver and an
additional source of fresh gas for each patient.
The other circuit is configured as a number of
secondary circuits in parallel, connected to a
single ventilator. We constructed and tested the
circuits using mechanical lung simulators. The
secondary circuit configuration was more effi-
cient in terms of fresh gas usage, but was more
complex regarding operation and trouble-
shooting.

Conclusions: These two improvised circuits
can extend the capability of a standard volume-
cycled ventilator to provide automatic ventila-
tion of the lungs in times of disaster. (Crit Care
Med 1994; 22:705-709)

Key Worbs: respiration, artificial; ventilators,
mechanical; oxygenation; positive end-expira-
tory pressure; pulmonary emergencies; appara-
tus and instruments; positive-pressure respira-
tion; critical illness
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An issue of medical importance was raised during
the Persian Gulf War of 1990 to 1991. Irag’s neighbors
had to deal with the threat of the use of nerve gas
against civilian and military populations. Regardless
of the considerable civil defense measures instituted
in response to the threat, a successful attack would
burden the medical facilities with large numbers of
awake, paralyzed, but otherwise healthy patients. It
is unlikely that civilian hospitals equipped for peace-
time operation would have an adequate number of
ventilators in reserve to handle these patients (1). In
more general terms, the need for multiplying ventila-
tor capacity can occur in many places throughout the
world as a result of war, massive industrial accidents,
and natural disasters.

This article describes an improvised method of pro-
viding controlled automatic ventilation for patient
numbers in excess of the number of ventilators that
are available. We describe two systems that are easy
to assemble, inexpensive, and show promise of effec-
tiveness. Each system we describe is controlled by a
single ventilator, and is capable of ventilating several
patients with individualized tidal volumes, airway
pressures, F10,, and positive end-expiratory pressures
(PEEP). The PEEP capability of the driving ventilator
is maintained. Cross-infection is avoided by isolated
patient circuits.

We assembled and tested two systems using mech-
anical lung simulators. Institutional Review Board
approval was not required. In both systems the tidal
volume was generated by controlling the expiratory
port of the patient circuit with a mushroom valve
driven by a ventilator. In one system, the inspired
volume was generated by flow directly from the fresh
gas source. In the other system, the inspired volume
consisted of a combination of fresh gas flow and gas
displaced by the controlling ventilator.

MATERIALS AND METHODS

Fresh Gas Flow and Mushroom Valve System. This
configuration consists of a T-piece with a mushroom
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valve on the swpiratory port (Eg. 1) The roguired
epmnponents for fresh gas flow and the mushreom
valve aystem are! a rmushroom valve, fresh gae flow
e, high-pressuce celisf valve (pop-off valve), end
lowr-presenre alarm, To moinimize rebreathing, the frash
a5 flew musl be intreduced a3 cleas as possible to the
patient's endotracheal tobe In addition, the sirenit
shonld contain am alavm for dirday presame oss, and
2 preagure-relief yalve (pop-off volva) Lo redice the
ik of barptravma. A FEEE valve con be added to the
expiratery port of any patient circwic, and thus pdi-
vidual PEEP can be optimized for sach pakient (2, 1),
Tha veolilaler's PEEP valve can, also be engegad, bul
the same amount of PEEP will be applted to esch
patient

Annlysir of System, The advantages of this system
are that it is ineepensive and easy to aseemble, use,
and trouble shoat. Tle nornber of pationts that ean be
ventilated with thia syatern 1s determined by the o
pacity of the ventifator to drive the musluomn valves
and the svailubility of fresh gas sources, Tta major
diandvantsga is (s inefelent use of frosh gas Newr
Cring the expiratovy phase, the Gesh gaz fowr i
vented and thoe waated For example, considering an
inspiratary tltoe of 2 agcs, and & tidal velume of GO0
ml at 12 breathe!min, 8 iresh gos Qow of 15 Limin is
required, of which coly & L is used to ventilate the
petient.

Berondery Cimutd Spsterr. Frosh gus Dowing dur-
ing the expiratory phase of ventilation atays within
the agenodary tircwit and makes up part af the inapired

FGQF FaF

Figure 1, Frosh gas flaw aod moshouom vakne ventilator showlng
AT-ploceammfl amb:inn..'l'hu Ereuh gax Flow shundd euler Lhe el roail
82 eloge ns pessible to tho pobicok to eveid cebreathing. W1,
muzhronm velve: AP, airwoy premsore gauge; POV, “pup-olt”
valwa; FOF, feaph paE flew.
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wolume, [0 this inetance; the réguired Freeh gae Bow
wouldd be equal to the minate ventilation.

Adszembly. Fipure 2 ia a schematic diagram of 1wo
serond ary ¢ renita attached, to one ventilaboe Tabla 1
Lisks the components tequired Lo Jouble e venlilabor
capacity using thie system, The ventllatar should ide-
ally he a velame- or pressnne-cycled ventikater, nsing
B mughrogm valve on the expiratory port. The venkila.
Lot givcuit fs atbashed bo aash socondary eiveit

Eeeonderr Cireeit, The “box® should be fronspar-
ent to allew visuakization of the bag, I+ ahould have
oo poree, one port attached to the ventilator cireuil,
and the other port actached to the bag insids the “bor”

Yantisleo Bapuishd i nE pealk

Figare & A schemntic of Uie secodddey elmeuin ventilator. Each
secandnry Sitewit is Topieeed va a valuwow—cyuled vondilater sirouil,
The wentilabara mushroam valves arcooofivwced in paclle] w tbe
nrimary vootil nior pirelt pnd coch geetdaty sivewil. The bag in
box” ia diaayaramoklen.ly 2implificd os a bellaws. V¥, niwshroum
valued A AicwRY prepeuTe gnuge, POV, “popeofl valie; P,
positive eb-cxepleatory pressurn wnlva: FIGF, fresh gas flow.

Talle 1. Anporofus ferssmndary virewil sy el eaiqeized fodohle
vansintory enpadity

“Pug in Bax”

Tuep Mbaies" g, 4L aackion laltla

Twg 3L bage

Tw In-tine spring-ionded PEEP valvey
Bluslumaor Walved and Caotneciors

T ruebirooo valne:

LE' 100 subing (4 mi

Tvap drmm “v™ commeclura
i rewit Tulyimg And Connegtocs

Tz e i 111 "T enpnecdars

Tien oehalizee “T*' copnecears (a3 FGF tnled)

Trq cuygen fubes

Fooar sbraiplb titneenns

Hine meters of £2-com curtagated pernsl kubiog
Safpty Rlanitnra

Twe prarcid monsmobzrs

Two prosaure-crliof valves (pup-off walvaa)

T low-preczuro alnrm maoitory

PEEP, poaltlyeand-sanicnbory presawra; 10, innerdiamerss; FOF,
fresh ga few.
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{Figr. &) The fresh gas tlow and an inline apring.
lomded FEER valve are atteched to the pont containing
the bag. (Ball-on-ring type valves are pravity depend.
ent and may fail if tipped ) The parpose of thl: PEEP
yalve ix to ultow the bag to fill during expirstion and o
provide & varighle atapplog dewmn of the pressurs from
tha primary vantilator cirouit to the patient eivewit,
The remaindar of the patient rmait should eonkeinan
emertiit pregsure gauge and pressura-relief valve (pop-
ntf valve), Tha patient expiratory port i conbrolled by
& moshroem valve attached in parallel with the wenti-
Tator mushroom valve. A low-pressure dlarm systorn
ie highly recommended For each secondary civeuir,

We assembled the sacondsy civeuit syslerm from
COMPORENES i #lovage (o ur respicatory herapy de-
pactment (Fig 31 and tesbed it on mechanical lung
simulators (Medishield, Harlow - Eeses, TR For anre
“he,™ W ugsd 3 4-Lssction hottls (Crrmen () ]-30-3 105,
Chemeiron Medical Products, Bufals, NY), which
had an airight rubber seal cap containing twe 15-mm
inmer diatmeber ports, One port had a plastie ohe
atending into the bottls, where we attached o 3-L
anegthetie bag. Ta this port, we attached g 16~ ro 98-
o éonneckor with moygen stam (01405, Arlik U
Adaptit™ streight adapter, Baxter Edwarde Critical-
Care, Valeocin, CA) and s sprinp-loaded PEETF valve
(800, Vital Signs, Tocowa, MJ; av BD 06382, Bird,
Palivy Saris, CALL The nast of the dreuit contained
an anernid preesure wauge (Bird), a pressure-ralial
valve (Bird), and & mushroam valve {00562, Puriten-
Bannet, Piekaring, 0N, Canada)

Anglvaizaf Sysrem. At freah gas fow oqual be minute
vantilation, the ventilators tidal volume capacity lim.
its the rumulative tidal welume sutput of the soomd-
ary girewits, Bince the volume of frush gos fowing

Flewrs 3 4 phomgeayh of the aeondary cliull wanbilotee we
speembled o oar hospital fram eompenants reedily avedlehln 1n
the mebpmEcatery therapy departrmaent. The potiants arg mankins.

TwFRowT=Rn VEM Laton Cracour TR

during inspiration fs added te the volume displaced
from each ascondary sirenit, the individuat Hdel volurme
ean ba supplemented by increasng fresh pas flow
abeve minute vomtiation. In this way, additiona)l sec-
ondary cirewite can be attached without decressing
tiddal volume in the interdependent circaits,
Supgected Mothoo of Operetion. Patients are so-
lected for the interdopendent syetem and the fresh pas
Qe b2 met For sach gecondary circuit ak approximately
the incended minule vantilation of each patient (70 to
3] mLshgh The tidal volume setting on the ventilakor
iz apt equal to the cended combinad tiduel vwlumes of
the patients. The ventilation fequency is set at 1T io
12 bresthz/min with an inspicatorsecpiratory ratio
ranging from L2 to 1:4. The secomudary rircuits are
attached tn the patient's endotrachenl tubes, Thi van-
ritmtor’e tidal weleme setting is adjusted srch that the
pirway pressure in the primery amdl all secendary
arouils provides the patisnt whe has the lower sheat
mmypliance with an adequate tidal volume (1), The
patient with the hipher chest eomoplianes may tempos
atily be gatting & higher than intended Hdal volume,
This increased tidal valume is reduced by empirlaally
increasing the resisrance through thia patient's eec-
ondary mireuit FEEE vadve and tlws redusing hisher
pesaks sirway pressurs. This ciroomstanes will also
vanse pae from the ventilator o redistoibota bewrard
the companion secondary clrewit pnd effectively in-
erense the tidal velteme of the patent with the Towar
cheat compliance. Tidal volumes apd minute ventila-
tiom san be farther adjusted by altering the fresh gas
fow. A PEEF valve can be added to Hig expiratery
port of any sgoondary civeult, and thus, individual
PEET can b optimized [y aach patieat (2, 33, The
vantilator’s PEEF valva can ales be enpacad bat the
same amount of PEET will apply 1o each patisnt e an
interdepondent sccondary diceuit, To minimize the
affects of dymamic changes in respimatory cosistence:
and eompliante in parallel secondary cieouits, wa me
ommend that patisnts with the mosl stable pulme
nary comphiance he grouped together on these oir-
tunily, Heat and moistury exclungers can be added to
the prtienk-crouit interface to provida humidiileation.
Momitoring. Patlents cat be waually monitored by
pbwarving chest movement, as well 82 other clinical
signs {A). Hag motion and sitway pressures oo the
samndacy eicculls ace also nzeful woniters. The pri-
mary and sapoendary sircait should be squipped with
low= s high-pregsure alarme. An axpivaty moni.
tor atteched bo the patients sacotdary cicouil wdill
reflect the patient expiratory velumes #% in A Dormal
ventilator, an lang a3 the fresb pas flovw 18 laes than or
equal bo minute remilation. Tdeslly, the pationt should
he monitdred for cooygen snluration and end-tidal Poo,
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Blood gas measurements can be performed as
necessary.

In the event of a power or gas source failure, the
patients must be disconnected from the circuits and
ventilated manually, as is the practice when standard
ventilators are used.

Trouble-Shooting. A system malfunction is nor-
mally detected by an aberrant filling and emptying
motion of one or more of the bags in the secondary
circuits. The patients affected should be disconnect-
ed from the circuit, ventilated manually with a self-
inflating bag, and the circuit attached to a rubber

APRIL, 1994

anesthesia bag until the problem is identified. Mal-
functions are classified according to one of the follow-
ing three conditions: a) primary circuit malfunction;
b) mismatched fresh gas flow; c) secondary circuit
malfunction.

Trouble-shooting consists of differentiating between
these three conditions. In a primary circuit malfunc-
tion, all patients and bags are affected simultaneous-
ly. Problems that appear to be affecting predominant-
ly one patient reflect a fresh gas flow mismatched to
minute ventilation, or a malfunction in any interde-
pendent secondary circuit. The adequacy of fresh gas

Bag #1 not emplying

Bag #2 also not
emptying

2° Cirey it leak 1° Circuil leak
Bilateral obstruction - Mushroom vaive

* In connections

Bag #2 fully functional
E Circuil #1 2°Circuit #2
In 2°circ!.|it #1 1o0 - PEEP valve set » Leak
high 100 high + # patient

+ Obstruction along compliance
circuit

- ¥ patient
compliance

Figure 4. Chart for trouble-shooting when the bag in the secondary circuit on the index patient (Bag #1) is not emptying. FGF, fresh gas

flow; PEEP, positive end-expiratory pressure.
Bag #1 collapses only on
Collapsing bag #1 in 2° inspiration (incomplete filling

circuil #1 ol bag)
Bag #1 doesn't
inflate at all
EGE: 2°Circuit 1° Circuil
None Incompetent Gas exhaust
PEEP valve inhibited: check o
mushroom valve EGE 2° Circuit 1° Circuit
or along circuit Too low Problem A pressure
Both bags Batient #1 BATIENT #2
collapsed + 4 compliance « ¥ compliance
- Leak 4 resistance
EGE: 2° Circui ° i
Both FGFs off . Both PEEP High Pressure or
valves failed Volumes
« Both circuits leak

Figure 5. Chart for trouble-shooting when the bag in the secondary circuit on the index patient (Bag #1) is collapsing inappropriately.

FGF, fresh gas flow; PEEP, positive end-expiratory pressure.
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flevw in Chia edreult appesring te mal fnction iz checked
fitet, then eech interdepandent secondary eboouit is
ezmnined for lagke or obafraction. Figures 4 and &
putline the skeps for trouble-shooting » sample see
oridary cirenit systom congisting of two szcondary
cireaita {Fip. 20,

DISCUSSION

Pogitive-pressura venlilatory support hag e
kmgwn since antiguity (683, It application hayg been
Limsibad hy, amang other things, tha development of
the technology of rendy aireay acréss, that is, endo-
tracheal Inbabation, (5.

Megative-preasure ventilators were developed ak
the turn of the 20th century. The Drioker "won lung”
gained widespraad acccptanee for the management of
polio pationts aftar & demonatration af its clinieal
officaey i 1928 (10, 11} Nevertheleas, the epidemic
natare of the dissase {polie) frequently resolted a
mumbers of paralyzed patients eaeedlng the nusaber
of negative-prasaurs ventilators availabla (7, 11, 12],
Thie eireumnstance lad to the development of negative
pregaure ehambers that weee shle to hold two and
avon foor patienta (15},

Terhmological improvements in endstrachieal tabea
reepended to fhe need to pruvide positive-pressure
ventilation during anssthesis for patients wich apen
chestz mad for those patients paralyzed with curore
(185, In Janwary 1953, Lassen (12} described the ueeof
endatracheal totubetion and hand-daliverad positive-
presaurs yuntilation for polie vicdms as “therapautic
improviaations . when the oue tank ventilator and aix
euirass respirators proval whelly insufficient. wheo
the epidemie developed inkn 8 major catastrophe”

The devaloprent of péeitlva-pressue ventilatoes
folbowed They have svalved inte expensive, comolax
machines desigred to provida venrilacory support o
vatiente with lang dizeaze (1315} [o oo reapeact, we
have porne full civele. Positine-pressure machines have
replacad namative.pressure machines, but their sap-
ply is onee again limited ta satisfing engoing cequire-
ments {1 and Lhere are mo provisions for an
unanbicipated large increass in demand other Lthan
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una-toeune mAanual ventilation a3 described by Lassen
{13

In thia article, we describe a simple, easily ces
rrivitad aource of autometed, intermalttent, positiva-
preseire ventilation that was obtained by extending
the cepabilities of 2 ventdater, to verdlabing moes
Lhan mic patient,
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