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Mechanical ventilator
classification

Control

Cycling

Triggering

Breaths

Flow Pattern

Mode or Breath Pattern
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Control
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— Volume controlled (volume limited, volume
targeted) and pressure variable

— Pressure controlled (pressure limited,
oressure targeted) and volume variable

— Dual controlled (volume targeted (guaranteed)
oressure limited)




Control

Trigger — time, pressure, volume, flow
Limit — time, pressure, volume, flow
Cycle — time, pressure, volume, flow
Baseline — pressure



Trigger Limit
variable Variable
(start (sustain

Inspiration) Inspiration)

3

Cycle
variable
(end-
Inspiration)

Baseline

variable

(sustain
FRC)



Cycline

o PR 7 B I S0 A 5
— Time cycled: PC
— Flow cycled: PS

— Volume cycled: VC



Triggering

e Time
e Pressure
e Flow




Breaths are either...

 Mandatory (controlled): CMV rate
o Assisted (e.g.: A/C, SIMV, PS)
e Spontaneous (CPAP)
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Pressure Control Mode .h \
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Pressure Control
Pressure Level above PEEP




Pressure-regulated volume control (PRVC)
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Pressure Sur;hort
Level above PEEP




Pressure support /CPAP - .h \-.
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e Mode

— SIMV + PS

e Rate (SIMV rate)
— 30 for infants, up to 1 y/o
— 20 for 1-6 y/o
— 15 for greater than 6 y/o
« PIP
— 20 cmH,0

. PEEP

— +6-8 cmH,0 for diseased lung, +4 cmH,0O for normal
lung

J[—i:[ ;[Jxﬂ}dftllow PEEP (e.g. Glenn shunt or Fontan ¥
>\ ocedure) :
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— LBW infant 0.25 ~ 0.5 seconds

— Term infant 0.5 ~ 0.6 seconds

— Toddler 0.5 ~ 0.75 seconds

— Children 1.0 ~ 1.5 seconds

— Adults 1.0 ~ 2.0 seconds
e |/E ratio

.'X

- A1 > - 4812 or 1:3
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— 0.4 for normal lung

— 0.9 for diseased lung (100% oxygen inducing
lung collapse)

 Tidal volume

— 10 cc/kg (8-12) for normal lung
— 6-8 cc/kg for diseased lung (ARDS)
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Acute Respiratory Distress
Syndrome in Children

Ming-Chih Lin M.D.

Pediatric Intensive Care Unit & Division of Pediatric Cardiology
Taichung Veterans General Hospital




What is ARDS?

* First described by Ashbaugh et al. in 1967,
Lacet 1967; 2(7511): 319-23

 American-European Consensus
Conference
— Acute onset of respiratory symptoms
— Frontal CXR with bilateral infiltrate

— No clinical evidence of left atrial hypertension
(Am J Respir Crit Care Med 149; 818-24, 1994)

 No Gold Standard for diagnosis

RN



AECC Criteria

Timina | Oxvaenation Frontal Pul. A. wedge
g y9 CXR pressure
Acute Lung PaO,/FiO,<= | Bilateral <= 18 mmHg if -~
niur Acute 300 mmH Infiltrate measured, or no clinical
jury 9 evidence of LAE
PaO,/FiO, <= Bilateral | <= 18 mmHg if
ARDS Acute | 200 mmHg Infiltrate measured, or no clinical

evidence of LAE




Etiology

Indirect Injury

Direct Injury

Sepsis

Pneumonia

Major Trauma

Aspiration

Multiple blood transfusion

Pulmonary contusion

Pancreatitits

Toxic inhalation

Cardiopulmonary bypass

Near drowning

Drug overdose

Reperfusion injury (e.g. post-
lung transplantation)

Mason: Muray & Nadel's Textbook of Respirat
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L:apillary lumen

Hamets Elaslase
and other
proteases

Interstibial
tissue
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Reactive oxygen
species

Cytokines

Chemokinas

Role of neutrophils in the
pathogenesis of acute lung injury.
Activated neutrophils exit the
bloodstream and

transmigrate across the alveolar-
capillary membrane, releasing
cytokines, proteases, reactive
oxygen species, and other
compounds. Although crucial to
host defense against pathogens,
the compounds secreted or
released by the neutrophil

have the capacity to damage the
tissue of the host. (Adapted from
Lee WL, Downey GP: Leukocyte
elastase: Physiological

functions and role in acute lung
injury. A state of the art review.
Am J Respir Crit Care Med
164:896-904, 2001.)




Ventilator Strategy for ARDS

* 6 mL/kg with PIP <30 cmH,O compared with 12
mL/kg PIP <50 cmH,0O
— 22% reduction in mortality

— Increased ventilator free day during the first 28
hospital days

— Adult patients
(ARDS Network, NEJM 2000, 342: 1307-8)

 Permissive hypercapnia
— CO, allowed to rise



Parameter

protocol

Mode

Volume assist-control

Tidal Volume

<6 mL/kg predicted body weight

Plateau pressure

<30 cm H20

Frequency

6—35 breaths/min, titrated for pH 7.30-7.45

|IE ratio

1:1to 1:3

Oxygenation Goal

PaO, 55-80 mm Hg, or Sa0O, 88-95%

FIO2/PEEP (cmH20)
combination allowed

0.3/5, 0.4/5, 0.4/8, 0.5/8, 0.5/10, 0.6/10,
0.7/10, 0.7/12, 0.7/14, 0.8/14,

0.9/14, 0.9/16, 0.9/18, 1.0/18, 1.0/20, 1.0/22,
1.0/24

Weaning

By pressure support, required when

' s

ARDS. Nétwork, N

M2
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Response S

Systemic Inflammatory
ndrome (SIRS

Non-infection disease

Infection :
(e.g., acute illness or
trauma)
e
Adequate Inadequate Excessive
support resuscitation Inflammation

A

Systemic inflammatory
response syndrome (SIRS)
and multiorgan dysfunction

syndrome (MODS)



— 3§/ Core Temp > 38.50r <36 C
— =2 Unexplained tachycardia or bradycardia < 1y

— Eg.' Tachypnea or mechanical ventilation for an acute o
0Cess

B E[i"}}\ éﬁ[fiﬁk}lajﬁ[ band form

— Cardiac vascular dysfunction
» ARDS
— >= 2 organs dysfunctions

> sepsis anéleatdiovascular organ dysfun€tion



— 7% single organ, 53.1% four organ
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Organ dysfunction

Ea

+fluid bolus >= 40 mL/kg in 1 hr{"}
BIEAS

Rl = 9 ]

st’” il )
1. FEBEpLFIE
2. A i)
3. 7f7
4, r%?*"ﬁp'ig> =5 sec
5. f === EEHE . 3,

1. PaO2/FiO2 < 300
2. PaCO2 > 65 mmHg or 20 mmHg above baseline
>50% FIO2 to maintain O2Sat > 92%

GCS <=11 or change >=3

Plt < 80000 mm3 or decline > 50%, or INR > 2
Cr>= HIEG(; » P 4

Bil. Total >4 mg/dL  (NBf¥]Jf ) or ALT [y [ ]




No SIRS2 SIRS3 SIRS4 Sepsis Severe Sephc
Sapsis Shock

JAMA 1995; 273: 117
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Supplameantal mcygen
endotracheal inbubstion and
machanical wventilation

il

Central venowus and
artarial cathaterization

1

Sedation, paralysis
[if imtubatad),

or both

== & mm Hao

CWFP

E—12F mmm Hg

Y

Crystalloid

Colloid

== 85 mm Hag

¥

rAAE

YWasoactive agent=

== 90 mm Hg

=65 and =590 mmm Hg

_—
u

=T 05

Transfusion of red cells

== IO

until hematocrit = 309%:

L

Imofropic egents

Hospital admission

N engl J Med 2001: 345: 1368
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2. Consider intubation and mechanical ventilation if
respiratory failure
3. Artery-line placement & ABP monitor

e 1 Y

4. Placement of a CVP catheter (PreSep CVP with ScvO2 is preferred)

5. Obtain smear and related cultures

Obtain 2 or more blood culture

(Previous colonized fungus — fungus culture)

6. Check CBC+DC, INR/PTT, AST, ALT, Bil T/D, Glu, electrolytes, BUN/Cr,CRP or Procalcitonin as needed

7. Check chest x-ray or other image study as needed
8. Check ABG, electrolytes, and lactate

9. Initiate empiric broad spectrum and adequate dose
antibiotics therapy
10. Start early goal-directed treatment for shock
Goals: MAP > 65 mmHg, ScvO2>70%
Urine output > 1 ml/kg/h
11. Fluid supplement to target CVP as needed
CVP— 8-12 mmHg (12-15 mmHg if intubated)
Push NS or colloid 20 ml/kg first, repeated over 60cc/kg as needed
12. If MAP still < 65 mmHg after adequate fluid supplement:
15t line Dopamine 5-20 mcg/kg/min
Dobutamine 2-20 mcg/kg/min (if low cardiac output and elevated systemic vascular resistance states)
2"d |[ine Levophed 0.5-2 mcg/kg/min, or
Epinephrine 0.04-0.2 mcg/kg/min




1-6 hour

2. If shock is refractory to vasopressor and inotropic,
may use Solu-Cortef 50 mg/m?/24hr if at risk for absolute adrenal insufficiency, remember to taper
down steroid once the shock is resolved ( /| jd2##El 2 mg/kg )

3. If MAP > 65 mmHg, but ScvO2 < 70%
Consider further fluid supplement as tolerated
PRBC supplement for Hct < 30%

4. If shock persisted, evaluate heart function
Check cardiac echo, PICCO, PAC, or CCO as needed

5. Control blood sugar < 150 mg/dL

5. Check ABG, electrolytes, and lactate as needed




6-24 hour

2. Recheck ABG, electrolytes, and lactate as needed

3. Remove source of infection if possible

Site:

Intervention:

4. Protective ventilation strategy

If PaO2/Fi02<300, PC mode, VT 6-8 mL/kg,

Adequate PEEP, peak airway pressure < 35 cmH20
Head of bed raised to 30 - 45 °

5. RRT for acute renal failure

CVVH for hemodynamic unstable patient

SLED-f for hemodynamic stable patient

6. Prevent stress ulcer - Zantac 2-4mg/kg/day divided Q6-8H
If ulcer history or being bleeding now - Losec 1mg/kg QD

7. Analgesia and sedation as needed

8. At 12-24h, check Modified PRISM IlI-APS score:

9. Control blood sugar




24-48 hour

2. If clinical condition deteriorated, consult ID doctor

3. Reassess removal of infection source
Site:

Intervention:

4. RRT for acute renal failure

5. Nutrition support

If enteral feeding is allowed and condition improved (like shock resolved, lactate < 3 mmol/L),
start enteral feeding

TPN for NPO patients

6. Analgesia and sedation as needed
Perform daily interruption for continuous sedation

7. Prevent DVT and PE in postpubertal children with severe sepsis

Low risk - choose one of the followings,

(1) heparin loading 2000U then 100 U/h IV t itration to keep aPTT > 50 sec, (2) compressing
stocking, or (3) intermittent pneumatic compression device

High risk - combine heparin and mechanical device

8. Discuss advance care plan with patient & family
9. IVIG may be considered in children with severe sepsis

10. ECMO be limited to refractory pediatric septic shock and/or respiratory failure that cannot be
supported by conventional therapies
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— Colloid v.s. crystalloid -
— CVP level
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— MAP > 65 mmHg
— dopamine, norepinephrine .
— Epinephrine

— Vasopression (0.03 units/min), not for 15t line



— Tidal volume 6 mL/kg ¢
— Peak pressure < 35 mmH20 e
— Plateau pressure < 30 mmHg



.
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Diagnosis

o Obtain appropriate cultures before starting antibiotics provided this does not significantly delay antimicrobial administration. (¢,
— Obtain two or more blood cultures (BCs)
— One or more BCs should be percutaneous
— One BC from each vascular access device in place =48 h
— Culture other sites as clinically indicated
« Perform imaging studies promptly in order to confirm and sample any source of infection; if safe to do so. (1¢
Antibiotic therapy
o Begin intravenous antibiotics as early as possible, and always within the first hour of recognizing severe sepsis ()
and septic shock (1.
o Broad-spectrum: one or more agents active against likely bacterial/fungal pathogens and with good penetration
into presumed source. |
o Reassess antimicrobial regimen daily to optimise efficacy, prevent resistance, avoid toxicity & minimise costs. (1c)
o Consider combination therapy in Pseudomonas infections. 2
o Consider combination empiric therapy in neutropenic patients. 2p)
o Combination therapy no more than 3-3 days and deescalation following susceptibilities. ;2p)
o Duration of therapy typically limited to 7-10 days; longer if response slow, undrainable foci of infection,
or immunologic deficiencies. ()
o Stop antimicrobial therapy if cause 1s found to be non-infectious. (| py
Source identification and control
» A specific anatomic site of infection should be established as rapidly as possible ()¢ and within first 6 hrs of presentation (.
» Formally evaluate patient for a focus of infection amenable to source control measures (eg: abscess drainage, tissue debridement). (10
» Implement source control measures as soon as possible following successful initial resuscitation. (1¢)
Exception: infected pancreatic necrosis, where surgical intervention best delayed. 35,
# Choose source control measure with maximum efficacy and minimal physiologic upset. (1)
« Remove intravascular access devices if potentially infected. (1)




adds ratio of death
(95% confidence Interval)

il
=
-

—
-

-l

-.—" L? 8. 6. lﬁ P
&“-; 5 T CF
oy %8, 75 "0, Ta %5, %%%“3%

time from hypotension onset (hrs)

Crit Care Med 2006: 34: 1589
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0 min Recognize decrensed mental status and perfusion,
Mainlain airway and establish access acconding 1o PALS gudealines.

5 min
Pash 20 ok isodonic saline or colloid baluses up and over 60 colkp,
Correct hypoglyceniia and hypecalosmia

Aulrparaster anbbootics.

Fhuldl refractory shock**

15 mim
Estahlish central venous access, begin depamine ar dobutamene thesapy amd
establish anterial monitosing.

Fhaid responsive®
Fluid refractory-dopamin'debutamine resistani shock

Tirale epinephrme far cold shock, norepanephane for warm shock 10 pormal
glinical endpoints and 50, astaration > 70

!

Obhserye in PICL]
Catcholamine=resistant shock

&I iy | Eegin hydrocortisone if al risk for absolate adrenal insufficiency
[ ]
Normal Blood Pressure Low Blood Presaure Law Blosd Préssure
Cald Shock Cold Shock Warm Shack
5.0, Sat <70°% Seld: Sat <T0% S0 Sat =T0%
Audd wasecdzlaves or lype Titrale volums and Titrale volums el
T phosphodizsgernse epinsphrine newepinsphrins
izhibaior with voleme
Inzding | /
Persisienl Catechalami istanl shock
Star cardiac matput measuremeent and direct fluid, olnapes, vasopressar,
vasadilatos, and hormonal therapiss to ariain CT =33 and <60 Limin'm’ Refractory Shock
Coasider BCM |

*Mormatization of bleod pressare sand deswe perfuzion
**Hypotension, #boormal capillary refill or extremity coolness



SERVO/
Ventilator System

Ming-Chih Lin M.D.




Controlled, Supported, and
Spontaneous modes

Scope - ventilatory needs




Pressure and Volume
Pressure

. flow/volume

Extra flow and extra breath
. timing Implementation

m O 0O W >




Basic function - an

= Basic functionality - An overview

—— i —) |

e

Pressure and volume Flow/volume Pressure
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| Trigger

Trigger functionality

Trigger sensitivity Irigger sensitivity
"‘ -2

=l T

em H,0

' :
Trigger flow




m Bias flow
infant 0.5 1/min, adult 2

1/

S
7




Trigger sensitivity

auto-triggering i1f sensitivity
too high

Weak patient effort

Weak effort Very weak effort

7
Nz



- flow trigger
yellow bar - pressure trigger
- risk of self triggering

Stronger patient effort




Start breath, O, breath,
inspiratory hold, expiratory hold

Fixed keys

O O OO O InEm

SVX-637_EN

Start breath, O, breaths, Inspiratory hold and
Expiratory hold can all be chosen by manually
pressing the respective fixed key.




Start breath

Mode
Pressure Control

B £ e i N A

T S A

The ventilator will initiate a new breath cycle
according to the current ventilator settings.




O, breaths

en for 1 minute. After this time the ¢
concentration will return to the pPre-st
The ¢ bre
2SSIng the O, breaths fixed key durin d the

1 minute interval.




Inspiratory hold




Expiratory hold

iratory and inspiratory valves are closed
ter the expira IS completed, for

d -li.}['l':._lui?:-T|'I'.'fl ( --'ft_.'[ilfi'-',-.'-- J -.J;"JTH-.i
maximum of 3

1N exact measure
ry pause pre:
Cdil - npliance m
and to determine the total PEEP. T
IC pressure i1s shown on the PEEP numerical
value




Inspiratory cycle-off

In the supported modes of ventilation a
decrease of the Inspiratory flow to a presetl
level causes the ventiator to switch to
expiration. This preset level is measured a
percentage of the maximum flow during
nspiration. ' he range off Inspiratory cycle-off

|15 ] 4{:] 4




Inspiratory rise time

nsp rise time

Range 0-20%
Default 5%

In seconds PS, VS, and Bi-

vent
Adult o ~ 0.4 sec
Infants o~ 0.2 sec



Breath cycle time

Breathcycle T

15

—

*This is the length of the breath i.e. the total cycle time of the mandatory
breath in SIMV (inspiration, pause plus expiration).

*This is set in seconds within the range

eInfants 0.5 ~ 15 seconds in half second steps

*Adults 1 — 15 seconds in one second steps

*This default setting for infants is 1 second and for adults is 4 seconds




Trigger Timeout

= Maximum allowed apnea time in Automode
before controlled ventilation is activated

= Infants 3-7 seconds

= Adult 7-12 seconds




| Range 0-50 cmH,0




PRVC in detail

I TC

1. Target ventilation
Tidal volume, frequency, and i time

2. Pressure level is constant, but automatically adapts in
small increments breath by breath to match the patient.

3. Inspiration starts according to a present frequency or
patient trigger
4. Expiration starts
After termination of presentitime
If the upper pressure limit is exceeds




Normal VC
nspiration
orematurely
interrupted as the set

tidal volume is
delivered.

The patient
maintains a flow rate
higher than the
calculated target
value.

Patient maintains the
increased flow rate
into the expiratory
period.




Volume Control in detail

» Preset tidal volume and constant flow
= [nspiratory flow constant depends on user interface setting
* Present frequency of patient trigger

= [f patient makes an inspiratory effort ventilator will switch to PS
mode

= Expiratory starts
Tidal volume is delivered

Flow returns to the set value and after the preset pause time,
guaranteed at least 20% expiration

Upper pressure limits exceeded




Pressure Control in detail

= Constant pressure

* Volume depends on the set pressure level, i time,
and patient’s lung mechanical property

» |nspiration starts according to the present
frequency or patient triggers
= Expiration starts
After termination of preset i-time
If the upper pressure limit is exceeds




Volume Support in detail

= Target tidal volume by an adapted pressure support
= [nspiratory pressure constant
= Starts when patient triggers.

= Expiration starts

Inspiratory flow decreases below a preset fraction of the peak flow
(inspiratory cycle off)

If the upper pressure limit is exceeded
= Maximum time for inspiration

Infants 1.5 seconds
Adult 2.5 seconds




Inspiration
Cycle-off

= |mportant for patient’s comfort and ventilator synchronization

= A patient with expiratory resistance the Cycle-off should be set to
a high level

= Expiration starts when:
Inspiratory flow decreases to the pre-set cycle-off level
Upper pressure limit exceeded

Flow drops to a flow range between 25% of the peak flow and lower limit
for inspiratory cycle-off and the spent time within the range exceeds 50%
of the time spent in between the start of the inspiration and entering this
range




Pressure Support in detail

» Presetinspiratory pressure level
= Patient determines frequency and i-time
= |nspiration starts when patient trigger

= Expiration starts
When flow decreases to Cycle-off level
Upper pressure limit exceeds

= Maximum time
Infants 1.5 sec
Adult 2.5 sec




PRVC - Volume Support




Volume Control - Volume Support




Pressure Control - Pressure Support

t

t Trigger timeout




SIMV (PRVC) + Pressure Support

Synchronized with patient’s breathing

If no trigger attempt within a time window equal to
90% of the set breath cycle (breath cycle time)

The mandatory breath is defined by the basic
setting

The spontaneous/pressure supported breaths are
defined by the setting for Pressure Support.



SIMV (Volume Control) + Pressure Support

P
A




SIMV (Pressure Control) + Pressure Support.




Ventilatory parameters

ted, the only 10. Inspiratory cycle-off Fraction of max

11. Breath cycle time (Breath cycle T) Tota

-1

1. Respiratory rate (RR) Rate of controlled SPIAOTY. £ PSRt SaREs H
12. SIMV rate Rate of controlled mandatory / ' ' . .
2. Tidal volume (Vy) Volume per breath or oreaths (D/mir ;

Minute v_bllume (Vmin) Volume per minute 13. Trigger timeout The maximum allowed
0, concentration (O, Conc.)
3. PC above PEEP Inspirator R T S

4. PS above PEEP Inspiratory pressu T
pport vel for triggered breatr mH-f 14-T"ﬂquh‘TH@h]-““'f;’fs.ﬁvl nB | P ) PR — | | ’ = =1

5. Inspiratory rise time (T inspiratory rise) 15, Timepggp (Tpggp) Time at PEEP level it
o b 16. Pressure Support above PH:gh [PS ;
b P .

6. I:E ratio (I:E) above ngh}

'-|.
=1

. i 17. Pressure Suppoﬂ above PEEP (PS
7. Pause time (T pause) Time for no flow or above pEEp]. » suppaort

=1

PEEP PeI
8. Trigger sensitivity
i) below zer ngger ser 18. P_ressure“-,gh (PHigh’ Positive End Expir
eatet initiate ar cmH-0O = 5 G :

19. PEEP |

9. PEEP Positive End Expiratory Pressure
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