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Volume Targeted ventilacija
jaundzimusajiem




Saturs
* Konvencionalas maksligas plausu
ventilacijas pamati

* Termini —Volume targeted ventilacija

(VTV), volume guarantee ventilacija
(VG)

» Ka darbojas volume targeted (VTV)
ventilacijas rezimi,

* VG uzsakSanas un atcelSanas parametri

* Kapeéc jaundzimusSajiem, seviski
prickSlaikus dzimusSajiem jalieto VG
ventilacya ?

» Kapéc var neizdoties VG ventilacija?
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Maksligas plausu ventilacijas ( MPV) merki ir:

1. Oksigenacija

2. Oglskabas gazes 1zvade no organisma ( ventilacija)

3. Oksigenaciju un ventilaciju nodroSinat ar pec iespejas
mazaku MPV raditu plauSu bojajumu

(VILI —ventilator inducet lung injuri)




PIP / Pinsp

Inflation
pressure —
will determine

VT

Time

PIP or Pinsp = Peak inspiratory pressure (pressure delivered during inspiration)
PEEP = Positive end expiratory pressure (“baseline” pressure maintained during expiration)

Ti = Inspiratory time ] ]
Te = Expiratory time Slope ( flow rise time)
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PCV Pressure control ventilacija (PLV Pressure limited ) VCV Volum Control ventilacija
Ventilators generé uzstadito VT ( ieelpas
Ventilators generé konstantu ieelpas spiedienu , uzstaditaja ieelpastilpumu) ar konstantu plismu uzstaditaja

laika ar uzstadito frekvenci. Gazes plusma ir decelergjosa. PCV ieelpas laika ar uzstadtto frekvenci .
prieksrocibas, saltdzinot ar VCV : VCV priekSrocibas:

1.Vajadzigs zemaks spiediens, lai sasniegtu vajadzigo tilpumu 1.Gazes tilpums, ko ievada katra ieelpa ir
2. Alveolas labak tiek sasniegts vajadzigais tilpums kontroléts, kas mazina volotraumas risku
3.Labaka oksigenacija VCV trukumi —

4. Mazaks barotraumas risks - Konstantas plismas dé| alveolas var

5. Tiek komnenséta nonliide_nenalielinot volotraumas risku nepietiekosi un nevienmerigi uzpildties.
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Effects of volume- and pressure-controlled ventilation on lung units with different compliance and time constants

Volume-controlled, constant-flow ventilation
Gas passes into the most compliant alveoli

Normal /1 Alveoli with and results in relative over-distension of
alveoli 8 C) long time C) Under-distension compartments A and B while compartment C
constants , ) does not have enough time to inflate
Non-compliant Over-distension High inflation
alveoli pressure

Pressure-controlled ventilation
With better distribution of gas, A will not over- t
distend as before and there is sufficient time
for C to inflate more completely

Alveoli with
long time
constants

C

Non-compliant
alveoli

Core: clinical anaesthesia
Principles of artificial ventilati
J.M. de Beer



Volume Vent|lat|on Pressure Ventilation . . oy= 5o .
e e o Apv1en0J_0t_ablvl_ventl.lacqas _Veldll —VCV un
- Cycles when set volume ls - Cycles when set time or flow is PCYV labas 1Ipasibas tika radita Presure
| - Pressure rises passively - Volume depends on complianc control ventilacija PCV + VTV ( volum

target ventilacija) *, biezak lieto terminu
PC+VG. Ventilators genere uzstadito VT ar
decelerejoSu pliismu. Tada veido nodroSinot
iespéjami zemako ieelpas spiedienu PIP
uzstaditaja ieelpas laika ar uzstadito

frekvenci.
[533
“ S v PC+VG VTV — tiek lietoti dazadi termini. Nav vienota
X uzskata. Visbiezak VTV ir sinonims VG un PRVC
S rezimam.
g VG un PRVC efektivitates zina neatskiras. Ir
A — - nelielas atskirTbas, ka ventilators méra TV un ka
/ / / reguléjas PIP.
’ / / / e



Ka darbojas PC+VTV

Ventilatora tiek uzstadits merka i1zelpas tilpums

(Vte)

Plasmas sensors mera katras izelpas tilpumu (

VTe) un ventilators genere tadu ieelpas
spiedienu PIP, la1 vairaku nakoSo 1eelpu laika
sasniegtu uzstadito Vte

Jauzstada PIP limits, la1 nebiitu barotrauma.
Ventilatori nelauj paaugstinat PIP 3-5 mmHg
zem Alarm robezas.

Plismas sensors méra ieelpas V1 un izelpas
Vte. Ventilators aprékina noplidi gar

intubacijas trubinu, un var kompenset noplidi,

kas <par 50%

Flow
mifsec

Pressure

Tidal volume

c¢m H,0

ml

STATE-OF-THE-
ART

A practical guide to
neonatal volume
guarantee
ventilation

C Klingenberg
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PC+VC un
PRVC rezimu

atskiribas

Ventilatory mode

Mechanism of action

Volume-controlled
ventilation (VCV)

+ Inspiratory volume set by clinician
» Flow rate set by clinician to provide continuous inspiratory flow

+ PIP and maximum inspiratory volume increase during, and peak
at the end of, inspiration

» Inspiratory time depends on the set inspiratory volume
and flow

» PIP varies automatically according to lung compliance

Volume guarantee (VG)
ventilation

» Inspiratory volume, inspiratory time and maximum PIP limit set
by clinician

» Inspiratory flow rate is variable and determined by the
ventilator

« Peak inspiratory flow occurs early in inspiration, then
decelerates throughout the remainder of inspiration

» PIP and maximum inspiratory volume peak early in inspiration

The ventilator adjusts PIP on a breath-by-breath bas Tget
the set volume

« The ventilator uses the VTe of the previous breath as a reference
for adjustment of PIP

«The working PIP will not exceed the maximum PIP limit /

Pressure-regulated
volume controlled
(PRVC) ventilation

» Inspiratory volume and maximum PIP limit set by clinician

» Inspiratory flow rate is variable and determined by the
ventilator

» Peak inspiratory flow occurs early in inspiration, then
decelerates throughout the remainder of inspiration
PN

« Initial PIP is delivered at 10cmH,0 above the set PEEP — this is
used as a reference to calculate the pressure needed to achieve
the set inspiratory volume during further breaths

l- Next three breaths delivered using a PIP of 75% of the
calculated PIP

——

» Further adjustments in PIP are made in 3cmH,0 increments or
decrements

« The working PIP will not exceed a threshold higher than
5cmH,0 below the maximum PIP limit

Volume-targeted ventilation in

newborn infants
Helen Chitty , Sunil Sinha



VG uzsakSanas parametri

 Jaundzimusajiem ar RDS vid€j1 VT i1esaka 5-7 ml/kg VT>8 ml/kg var izraisit
volotraumu. Janem véra , bérniem ar dzimsSanas svaru <1 kg iesaka sakuma VT

5 ml/kg, jo proporcionali lielaka ir mirusit telpa. Bérniem ar svaru > 1 kg,
sakuma VT 1r 4-4.5 ml/kg.

« Sakuma VT korigé , atkariba no gazu analizes, solis ir 0.5 ml/kg.

* PIP robeza (limits), jabut samera augstai, virs «darba» PIP. Rekomendé PIP
limitu likt uz 25-30 mmHg. Rekomende PIP limitu likt 5-10 mmHg virs darba
PIP, ta laujot ventilatoram nodroSinat vajadzigo VT, arT ja ir noplude gar
1ntuba(:1J as trubinu vai ir pacienta netrigeréta ieelpa ( pacienta netrigereta ieelpa
PIP ir apm. par 4 mmHg augstaka par trigerétu ieelpu PIP.)

* European Consensus Guidelines on the Management of Respiratory Distress Syndrome: 2022 Update David G Sweet «*, Virgilio P Carnielli



https://pubmed.ncbi.nlm.nih.gov/?term=%22Sweet%20DG%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Carnielli%20VP%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Carnielli%20VP%22%5BAuthor%5D

e Option 1: Start immediately upon initiation of ventilation.
e Set appropriate V

e 4 - 5 mL/kg during the acute phase of RDS

e 5-6 mL/kg tiny infants <700 g

e 6 mL/kg infants with MAS

* 6 mL/kg by 3 wk, 8-10 mL/kg by 3 mo older infant§ with chronic lung disease
e Adjust PIP limit 25% above the PIP currently needed to deliver target V
e Option 2: When changing from PC to VG, observe current V; and set

target V. at same value, increase PIP by ~25%
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volume Guarantee Webinar with Professor Dr. Martin Keszler, Alpert
Medical School of Brown University in Providence



Ekstubaciya no VG ventilacijas

» Ekstubaciju parasti plano, ja var nodoSinat adekvatu gazu apmainu un
oksigenaciju ar meérka VT 4ml/kg

e Vairuma gadijumu ekstubacnja 1zdodas, ja realais VT parsvara ir
vienads vai lielaks par uzstadito mérka VT 4 ml/kg ar «darba» PIP
mazaku par 10-12 cm H20,

e beérniem ar sv.<lkg PIP < 12-15 cm H20
* F102 <0.35 un ir adekvata spontanas elpoSanas aktivitate

* Ja plausu stavoklim uzlabojoties netiek mazinats mérka VT, nenotiek
spontana PIP samazinasanas un pacientam var samazinaties spontanas
elpoSanas aktivitate

spontani elpojosam veselam
Volume Guarantee Webinar with Professor Dr. Martin Keszler,  jaundzimus$ajam VT ir ap 4 ml/kg.
Alpert Medical School of Brown University in Providence Parasti VT nemazina zem 4 ml/kg



Il PEEP = Double weaning

Double weaning:
Ll PEEP - 1T AP & 1T Ve - Spontaneous 1l of PIP



Kapéc jalieto VG (volume guarantee ), VTV-
volume target ventilacija ?

« VTV ir atzita par drosu un efektivu ventilacijas reZimu jaundzimusajiem

* VTV salidzinot ar PC ventilaciju samazina VTe (izelpas tilpuma ) fluktuaciju, tadejadi nodroSinot stabilaku PCO2
Iimeni asinis, un mazina respiratoras alkalozes risku, ka ar1 stabils PCO2 mazina smadzenu asinsrites
traucgjumus, ta mazinot CNS bojajuma risku seviski priekslaikus dzimusiem bérniem pirmajas dzives dienas.

* PriekSlaikus dzimuSiem bérniem ar RDS, kuriem nepiecieSama MPV, VTV ventilacijas reZzims ir pirma izvéle

* VTV ir plausas saudzejosa ventilacija, jo uzlabojoties plauSu kompliancei, ventilators automatiski samazina
ieelpas spiedienu, tad€jadi atrak ir iespejama ekstubacija

e VTV samazina pneimotoraksa un BPD bieZzumu.

* VTV samazina ventilatora raditus plausu bojajumus.

STATE-OF-THE-ART A practical guide to neonatal volume guarantee ventilation .C Klingenberg
European Consensus Guidelines on the Management of Respiratory Distress Syndrome: 2022 Update David G. Sweet



Volume Guarantee

Pinsp set by user

PIP achieved by ventilator
to deliver set Lidal volume
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Practical aspects of volume guaranteed ventilation. Prof

Ramanathan , webinar you tube
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VTV ventilacija samazina hiperventilacijas un plausu
audu bojajuma risku , kuru var radtt plausu audu

pér&ﬁe:pbtmiﬁrector of the Neonatal Intensive Care Unit Women and Infants Hospital in
Providence, Rhode Island, USAe and has been shown to reduce the total duration of
mechanical ventilation.” Dr. Martin Keszle
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Figure 30c. Diffuse persistent PIE in a 3-week-old girl with a history of positive-pressure mechanical
ventilation. (a) Frontal chest radiograph shows overexpansion of most of the left lung by multiple cystic

:umomediastinum, gross pathologic features. Photograph of an autc
shows multiple collections of gas (arrow) within loose mediastinal ¢




Atmospheric pressure

Transpulmonarais spiediens ir spiediens l

elpcelos —spiediens pleira ( Pelp-P pleira)

Transpulmonary pressure:
760 mm Hg —756 mm Hg

=4 mm Hg

Intrapleural pressure: —
756 mm Hg (—4 mm Hg)

Intra-alveolar pressure:
760 mm Hg (0 mm Hg)

Diaphragm

Parietal pleura

Visceral pleura

Pleural cavity

Thoracic wall

Lung



Spontani
elpojot izelpas
beigas

Intubéts pacients ar
neelastigu krasu

kurvi , piem taskas, ir

liels spiediens
elpcelos, bet zems
transpulmonalais
spiediens un mazs

tilpums plausas izelp

Ptp =0-(=10) = +10 cmH,0O

Ptp = +30 — (+22) = +8 cmH-0O

¥ 4

Ppl: =10 Ppl: O

Paw: +10

¥ ‘\

Ppl: +22 Ppl: =20
Ptp = +10 — (=20) = +30 cmH-~-O

Intubéts pacients ar
normalam plausam izelpas
beigas

Ventilator-induced Lung Injury.
Beitler JR 1,

Clinics in Chest Medicine, 14
Oct 2016, 37(4).633-646
https.//doi.org/10.1016/
J.ccm.2016.07.004

Ptp = +10 - (0) = +10 cmH,O

Intubéts pacients,
kuram ir liels
elposanas
muskulu darbs ,
piem atri spontani
elpo, varbut zems
spiediens
elpcelos, bet liels
transpulmonalais
spiediens un liels
tilpums plausas
izelpas beigas


https://doi.org/10.1016/j.ccm.2016.07.004
https://doi.org/10.1016/j.ccm.2016.07.004

Kapéc var neizdoties VG ventilacija?
- ventilators generée lielus PIP
- ir trauksme, ka nevar sasniegt uzstadito VT

- asins gazes ir augsts pCO2

1.Liela nopltde gar intubacijas trubinu- plismas sensors méra
izelpoto Vte, kas ir zems, jo pacients daudz izelpo garam gar
intubacijas trubinu, MPV aparats, doma, ka pacienta plausas
neiekllst uzstaditais VT un tapéc paaugstina PIP .

- MPV aparata jaiesledz plismas kompensacija (leak
compensation)- Ventilators aprékina nopliidi gar intubacijas
trubinu, un var kompensét noplidi, kas < par 50%

- Var biit nepiecieSama lielaka 1zmera intubacijas trubina
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VT is a measured exhaled volume VT is a calculation

MYV is based on measured exhaled volume MV is a calculation

% Leak is VTe/VTi % Leakis VIEVTi

Volume Guarantee Webinar with Professor Dr. Martin Keszler,
Alpert Medical School of Brown University in Providence



Problemas VTV ventilacijas
laika:

nesasniedz uzstadito VT
(alarm VT is low)

* Ja pacienta elposana sinhronizéjas ar
ventilatoru, nav lielas nopludes gar
intubécig'as trubinu, |esFé ams , Ka nav
uzstadita pietiekosi liela PIP robeza, jo
plausas ir zema compliance

« Bérna elpoSana nesinhronizéjas ar
ventilatoru, vins izelpo ventilatora ieelpas
laika. (diafragmatic braking) Tas rada
atkartoti VT pazeminasanos, neskatotoes
uz augstiem PIP.

lemesls var but parak gars ieelpas laiks,
optimali iT <0.4-0.45

[TTTT]YTTT]

Flow ? ? * 1 T

Diaphragmatic break Expiration interrompue



Poor compliance (0.2 ml/cm H20)
**5 cm H20 results in a volume of 1 ml

Normal compliance (2 ml/cm H20)

https://www.youtube.com/watch?v=73SS3W-8Des

Patient ventilator interaction in Volume Garantee
Fares Chedid,


https://www.youtube.com/watch?v=73SS3W-8Des

Problemas VTV
ventilacijas laika:
nesasniedz uzstadito
VT (alarm VT is low)

» Parak Tss ieelpas laiks
» Parak gars ieelpas laiks

https://perinatalnetwork.scot/wp-
content/uploads/2023/01/
Volume-Targeted-
Ventilation_WoS.pdf




Kapéc var neizdoties VG ventilacija?

Problemas ar pacienta elpoSanas sinhronizaciju ar ventilacijas aparatu.

« Jabut pietiekosiem ieelpas un izelpas laikiem.

» Pacienta trigerétam ieelpam PIP ir apm par 3-4 mmHg zemaks,
ka ventilatora trigerétam ieelpam, bet VT ir vienads.

» A/C uzstadrtajai frekvencei ir jabut apméram par 10 ieelpam
zemakai, ka pacienta spontanas elposanas frekvencei.

* Pacientam jamazina stress un sapes.

* |zvairTties no autotrigeringa, pieméram, ja mitrums elposanas
kontata trigeré elposanu vai ir uzlikts parak zems plismas trigers.

https://perinatalnetwork.scot/wp-content/uploads/2023/01/Volume-
Targeted-Ventilation_WoS.pdf



Non-triggered breaths: 1T PIP - High Backup RR Causes higher PIP

o @

Trigered Mandatory

RR 40/min RR 60/min

- || Pressure T

1 sec 1 sec

RR of ventilator < patient’s spontaneous RR:
v Enough time to trigger: PIP 2-4 cm less

RR of ventilator < patient’s spontaneous RR:

—PIP Ul 4 emen-ease-de rcspiration spontanée v No time to trigger = PIP 2-4 cmH20 more

https://www.youtube.com/watch?v=73SS3W-8Des

Patient ventilator interaction in Volume Garantee
Fares Chedid,



https://www.youtube.com/watch?v=73SS3W-8Des

Kapéc var neizdoties VG ventilacija?

- ventilators generé lielus PIP

- ir trauksme, ka nevar sasniegt uzstadito VT
- asins gazes ir augsts pCO2

2.TulTt péc surfaktanta ievades var Tslaicigi pieaugt elpcelu
rezistence un intubacijas trubinas obstrukcija- tapéc nepieciesams
uzlikt PIP robezu par 10 mmHg augstak, ka pirms surfaktanta
ievades. Péc tam, kad surfaktants uzlabos plausas complianci,
PIP pats samazinasies.

3. Ja pacients ir |oti nemierigs, aktivi izelpo, tad védera
muskulatdra, var bt loti sasprindzinata un nelaut gazei iek|ut
plausas |eelpas laika. Tas rezultgjas ar zemu ieelpas (VTi Jun
izelpas (Vte) tilpumu un Spo2 krisanas epizodém. Aparats rada
trauksmes —zems VT, intubacijas trubinas obstrukcija. lesaka
sados gadijumos kapinat PIP robezu, pieméram lidz 35 mmHg.



Patient-ventilator interactions

interrupted
expiration




KlTniskais gadijums. 25 gn, 7 dzives diena
VTV-PRVC ventllacua
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ArstéSanas rezultati priekslaikus dzimusajiem,
kuri sanéma volume target ventilaciju (VTV)

« MPV ilgums samazinas vairak ka par 2.36 dienam, salidzinot ar spiediena
kontrol€tu ventilaciju

» Mirstiba vai Bronhopulmonala displazija (BPD) samazinas par 11 %
* Pneimotoraksu bieZzums samazinas par 6 %

 Periventrikularu leikomalaciju vai smagas pakapes Intraventrikularu
hemoragiju biezums samazinas par 8 %

Klingenberg C, Wheeler KI, McCallion N, Morley CJ, Davis PG: Volume-
targeted versus pressure-limited ventilation in Neonates. Cochrane
Database of Systematic Reviews 2017, Issue 10. Art. No.: CD003666.-



Invasive ventilation techniques in the neonatal unit

«1.2.7

*Specialist neonatal respiratory care for babies born preterm
*NICE guideline [NG124]Published: 03 April 2019

*For preterm babies who need invasive ventilation, use volume-targeted ventilation (VTV) in
combination with synchronised ventilation as the primary mode of respiratory support. If this is not
effective, consider high-frequency oscillatory ventilation (HFOV).

°1.2.8

*For preterm babies who need invasive ventilation but VIV and HFOV are not available or not
suitable, consider synchronised intermittent mandatory ventilation (SIMV).

*1.2.9

*Do not use synchronised pressure-limited ventilation such as assist control (AC), synchronised
intermittent positive pressure ventilation (SIPPV), patient-triggered ventilation (PTV), pressure
pport ventilation (PSV) or synchronised time-cycled pressure-limited ventilation (STCPLV).
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