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(Principle and overall aspects of pediatric respiratory home care)

) el

(respiratory home care)

¢TE2ES  0ECEACAEA - 08ADOCE0A; ™
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1.

/ (hypoxemia, hypoventila-
tion)

2. restric-

tive defect, obstructive defect, diffusion defect
3.

(recurrent pneumonia)

(bronchiectasis)

(pulmonary hypertension)
chronic hypoxemia, (failure to thrive),
(delayed development)

1. lsansennzinunfvesssuumelalngmsa

(

bronchiectasis, asthma, obstructive sleep apnea),
( interstitial lung diseases, pulmonary
fhrosis, congenital lung cysts),
( scoliosis)
( congenital central hypoven-
tilation syndrome, brain stem tumor)

bronchopulmonary dyspla-
sia, chronic aspiration syndrome
L, 2]

[3,4]
2 LavsontzRaundlussuvsuidwmanseny

FON5YNIUYDITEUUINE LD

73 5]
functional residual capacity (FRC)
74 exercise intolerance [6]

[5 6]

spinal muscular
atrophy, Duchenne muscular dystrophy, cerebral
palsy, gastro - esophageal refux disease

50
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sleep - disordered breathing

severe p - thalassemia
3-4 93+37
8.3 obstructive sleep apnea (0SA)
( 60)  moderate - to - severe
0SA [7]

nocturnal desaturation
672 1 3
restrictive defect [§]

ARG 15 Dl4E gEioIAA - glipoo
EOAT - €E

(9]
L physical  psychological func-
tion

sive care

(cost effective care)

comprehen-
4

medical, developmental, psychosocial
educational needs

support
munity support

[10]

professional
com-

[11, 12]



4 j0RCAEA - 08ipooEAs” - BFFEIEANKEIRY ¢

. OMECHCAGA - 03ADOCE0AT - &I  therapy)

FOEARLEIA ¢ 2. (Home aero-
sol therapy)
3. (Chest phy-
siotherapy) conventional
multidisciplinary
approach (self - administered respiratory care equipment)
4, (Tracheostomy care)
b. (Home
mechanical ventilation)
[2] (invasive home mechanical ventilation)
: (interface)

(non - invasive home mechanical
ventilation) continuous positive airway
pressure therapy (CPAP), bi - level positive airway

a}@ |,§| ONAaE(EOA@/Z\ -08ADOCEOAT" - © pressure therapy (BPAP)

OFEIEANEIR: ¢ 6. (Gas-
trostomy care)
¢ 12§ OMEGHRCAGDA - 084DOOE0AT - ©
OCEEOEARNYRIRY ¢

1. Family counseling

L (Home oxygen family counseling
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2. Home visit

7. Follow - up and re - evaluation

3. Equipment setup

4. Patient care training

(maintenance)
5. Self - practice undersupervision EA@
24
1

multidisciplinary approach

6. Hospital discharge
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(Chronic respiratory failure)

MO ;@& D

(hypoxemia)
(Pa0,) 60
(hyper-
capnia)
( oxygenation failure)  /
( ventilation failure) 2, 3]

(acute on top chronic respiratory failure)
(Ventilation)

(minute volume)
(Diffusion)

[1]

(alveolar capillary membrane)

(Chronic
respiratory failure)
(Perfusion)
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tilatory muscle function),

(pulmonary capillary beds)

(lung mechanic)

(respiratory load)

[10]

/
[4, 5]
6.6
[6] 129
[7]
interface
(noninvasive mechanical ventilation)
(Invasive
home mechanical ventilation) 1]
King [8]
(home mechanical ventilation)
6
[4,9]
4% AEIN[2, 3]
3
(control

of ventilation), (ven-

(

(Pa0,)
D) 2]

1]



\\\\\

1 (arterial oxygen tension)  [2]
(arterial oxygen tension)
(high altitude)
(increased oxygen uptake)
(low cardiac output)
V/Q mismatching
Alveolar hypoventilation
Arteriovenous shunt
Diffusion limitation
V/Q ratio 08 V/Q mis-
(acuteon  match shunt effect [12]
top chronic respiratory failure) Dead space ven-
tilation perfusion
terminal bronchioles
hypoxemia 4 anatomical dead space
alveolar
1. V/Q mismatching dead space 2
physiological dead space alveolar
dead space
physiological dead space
anatomical dead space
Dead space effect alveolar
ventilation perfusion
V/Q ratio 1 shock
(ventilation; V)
(perfusion; Q) V/Q ratio ventilation
(anatomical dead Shunt perfusion
space) V/Q ratio ventilation physiologic
08-1  V/Qratio 1 V/IQ  shunt
mismatch dead space effect Thebesian veins  bronchial veins
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(left atrium)
anatomic shunt
pulmonary capillary
pulmonary shunt 2

physiologic shunt
Shunt effect alveolar ventila-
tion perfusion V/iQ
raito 08 perfusion

(volume overload),
(left heart failure) ventilation
perfusion

shunt effect
dead space effect

2. Alveolar hypoventilation

(minute ventilation)
(hypoventilation)
hypoxemia ~ hypercapnia
hypoxemia

(PACO,)

(PAO)) Pa0,
3]
PAO, = [(PB - Pygg) X FiO,] - PaCO, / R
PR

760 PHZO
4 PaCO,

R respiratory quotient
0.8

hypercapnia  hypo-

ventilation hypoxemia

hypoventilation

, (neuro-
muscular diseases),
(chest wall defects)
hypoxemia hypoven-
tilation
(reduced tidal volume)
(atelectasis) ViQ
mismatching shunt
hypoxemia
hypoxemia minute ventilation

3. Arteriovenous shunts

(intrapulmonary shunt)
(extrapulmonary shunt) intrapulmonary

shunt ventila-
tion
PO,  PCO,
intrapulmonary shunt
acute respiratory distress syndrome
(ARDS) extrapulmonary shunt

(congenital cyanotic heart diseases)
hypoxemia  arteriovenous shunt

100 (Fi0,



\\\\\

1.0)
pulse oximeter (Sp0,)
Pa0, 300 2]
4. Diffusion limitation
simple diffusion alveolar
capillary membrane

(P1-P2),
(A), alveolar capillary mem-
brane (T) (D)

0)

(Vgas)

Vs = AxDxﬂtl'Pz

025-03
capillary membrane
0.75

(diffusion
defect)
0.75

alveolar capillary mem-
brane

diffusion defect
Interstitial space (interstitial edema),

(pulmonary fbrosis),
alveolar capillary membrane
pulmonary emphysema

/
EOli MEEA Ao B

(Ventilatory
muscle weakness / neuromuscular diseases)

(atelectasis)

2

[13-17]
24
(Cen-
tral hypoventilation syndrome)

congenital central hypo-
ventilation syndromes (CCHS) [18-23]
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20, 21]
severe
metabolic alkalosis,
[10]
[14]
(home mechanical
ventilation)

(Chronic pulmonary disease)

home

mechanical ventilator ~ chronic lung disease
of infancy, severe bronchopulmonary dysplasia

(skeletal dysplasia), cystic fbrosis

[10]

e

(ventilator
weaning)
1

[24]
- (respira-
tory drive)
(altered mental status),
$po, [25]
Sp0, hypoxemia
(poor perfusion),
[26]
Sp0, 95%
(room air)
Sp0,
Sp0,
[25]
Sp0,
$p0;
PaCo,



\\\\\

(arterial blood gases analysis) non 2 [25]
- invasive end-tidal CO, tension (PCO,)
transcutaneous CO, tension (T.CO,)

(arterial blood  AGEEACACCABIN[25]

gases analysis)
(capillary)
(venous) PCO,
5-10
(pH)
Pao, PaCo,
bicarbonate pH
hypercapnia
: [10]
bicarbonate
pH
(reduce
respiratory load),
(increase ventilatory muscle power)
bi- (improve central respiratory drive)
carbonate [10]
2 [25]
pH PCO, (mmHg) PO, (mmHg) HCO;, (mEq/L)

Normal 740 40 100 24

ARF 1.24 60 50 24

CRF 135 60 50 34

A/CRF 728 70 50 34

(ARF; acute respiratory failure, CRF; chronic respiratory failure, A/CRF; acute on - top chronic respiratory failure)
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(Reduce
respiratory load)
(endu-
rance) sprint weaning
(Increase respiratory muscle power)
transdiaphrag-
matic pressure [27]
hypoxia, hypercapnia Sp0,, P&CO,
(acidosis) T.CO,
(malnutrition), [28]
hyperinfation
(Improve central respiratory
drive)
[28]
[18-21]
chronic metabolic alkalosis
/
95

metabolic alkalosis [10]
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[15]

(non - elective) [10]

[13, 15]

(elective home mechanical ventila-
tion)
spinal muscular atrophy

[14, 29, 30]

1. Simonds AK. Home mechanical ventilation: An Overview. Ann Am Thorac Soc. 2016: 13:2035-2044.
2. Calverley PMA. Chronic respiratory failure. 2010 [cited 19 September 2018]. In: Oxford Textbook of Medicine



16 j0iCAGDA- 08iDoCE0A: - EEEIEANIEE: ¢

[Internet]. Oxford University Press, [cited 19 September 2018]. Available from: http://oxfordmedicine.com/
view/10.1093/med/9780199204854.001.1/med-9780199204854-chapter-1815.

3. Juan A. Gutierrez TD, Henning R, South M. Respiratory Failure and Acute respiratory distress syndrome.
In: Taussig LM, editor. Pediatric Respiratory Medicine. 2 ed. Philadelphia: Moshy Elsevier, 2008. p. 253-
274,

4. AminR, Sayal P, Syed F, Chaves A, Moraes TJ, MacLusky I. Pediatric long-term home mechanical ventilation:
twenty years of follow-up from one Canadian center. Pediatr Pulmonol. 2014; 49:816-824.

5. McDougall CM, Adderley RJ, Wensley DF, Seear MD. Long-term ventilation in children: longitudinal trends
and outcomes. Arch Dis Child. 2013; 98:660-665.

6. Lloyd-Owen SJ, Donaldson GC, Ambrosino N, Escarabill J, Farre R, Fauroux B, et al. Patterns of home
mechanical ventilation use in Europe: results from the Eurovent survey. Eur Respir J. 2005; 25:1025-1031.

7. Rose L, McKim DA, Katz SL, Leasa D, Nonoyama M, Pedersen C, et al. Home mechanical ventilation in
Canada: a national survey. Respir Care. 2015; 60:695-704.

8. King AC. Long-term home mechanical ventilation in the United States. Respir Care. 2012; 57:921-930;
discussion 30-2.

9. Wallis C, Paton JY, Beaton S, Jardine E. Children on long-term ventilatory support: 10 years of progress.
Arch Dis Child. 2011; 96:998-1002.

10. Keens TG, Davidson Ward SL. Chronic respiratory failure. In: David G. Nichols DHS, editors. Rogers’ Textbook
of Pediatric Intensive Care. 5" ed. China; Lippincott Williams & Wilkins; 2016. p. 794-807.

11, Hill NS. Respiratory failure. In: DE S, editor. Breathing in America: Disease, Progress, Hope. New York:
American Thoracic Society 2010. p. 207-225.

12. West JB. Blood fow and metabolism. In: West JB, editor. Respiratory physiology: the essentials. 9 ed.
Philadephia: Lippincott Williams & a Wolters Kluwer business; 2012. p. 56-76.

13, Gilgoff RL, Gilgoff IS. Long - term follow - up of home mechanical ventilation in young children with spinal
cord injury and neuromuscular conditions. J Pediatr. 2003; 142:476-480.

14, Sritippayawan S, Kun SS, Keens TG, Davidson Ward SL. Initiation of home mechanical ventilation in children
with neuromuscular diseases. J Pediatr. 2003; 142:481-485,

15, Gilgoff IS, Kahlstrom E, MacLaughlin E, Keens TG. Long-term ventilatory support in spinal muscular atrophy.
J Pediatr. 1989; 115:904-909,

16. Finder JD, Bimkrant D, Carl J, Farber HJ, Gozal D, lannaccone ST, et al. Respiratory care of the patient with
Duchenne muscular dystrophy: ATS consensus statement. Am J Respir Crit Care Med. 2004; 170:456-465.

17. Simonds AK, Ward S, Heather S, Bush A, Muntoni F. Outcome of paediatric domiciliary mask ventilation in
neuromuscular and skeletal disease. Eur Respir J. 2000; 16:476-481.




\\\\\

18. Keens TG, Davidson Ward SL. Cental hypoventilation syndromes. In: Marcus CL LG, Carroll JL, et al., editors.
Breathing During Sleep in Children. 2 ed. New York, NY: Informa Healthcare; 2008. p. 363-382.

19. Witmans MB, Chen ML, Davidson Ward SL, Keens TG. Congenital syndromes affecting respiratory control
during sleep. In: T L-C, editor. Sleep: A comprehensive handbook. Haboken, NJ: John Wiley and Sons;
2006. p. 517-527.

20. Chen ML, Keens TG. Congenital central hypoventilation syndrome; not just another rare disorder. Paediatr
Respir Rev. 2004; 5:182-189.

21. Weese - Mayer DE, Berry - Kravis EM, Ceccherini |, Keens TG, Loghmanee DA, Trang H, et al. An offcial ATS
clinical policy statement: Congenital central hypoventilation syndrome: genetic basis, diagnosis, and man-
agement. Am J Respir Crit Care Med. 2010; 181:626-644.

22. Kerbl R, Litscher H, Grubbauer HM, Reiterer F, Zobel G, Trop M, et al. Congenital central hypoventilation
syndrome (Ondine’s curse syndrome) in two siblings: delayed diagnosis and successful noninvasive treat-
ment. Eur J Pediatr. 1996; 155:977-980.

23. Lesser DJ, Ward SL, Kun SS, Keens TG. Congenital hypoventilation syndromes. Semin Respir Crit Care Med.
2009; 30:339-347.

24. Make BJ, Hill NS, Goldberg Al, Bach JR, Criner GJ, Dunne PE, et al. Mechanical ventilation beyond the
intensive care unit. Report of a consensus conference of the American College of Chest Physicians. Chest.
1998; 113 (5 Suppl):2895-344S.

25. Pope J, McBride J. Consultation with the specialist: respiratory failure in children. Pediatr Rev. 2004; 25:
160-167.

26. Camporota L, Rubulotta F. Respiratory assessment and monitoring. In: An ESICM Multidisciplinary Distance
Learning Programme for Intensive Care Training: European Society of Intensive Care Medicine; 2012. [cited
19 September 2018.] Available from: https://collaboration.esicm.org/Respiratory+assessement+and+monit
oring

21. Gozal D, Shoseyov D, Keens TG. Inspiratory pressures with CO, stimulation and weaning from mechanical
ventilation in children. Am Rev Respir Dis. 1993; 147:256-261.

28. Keens TG, Chen V, Patel P, O’Brien P, Levison H, lanuzzo CD. Cellular adaptations of the ventilatory muscles
to a chronic increased respiratory load. J Appl Physiol Respir Environ Exerc Physiol. 1978; 44:905-908.

29. Edwards JD, Kun SS, Graham RJ, Keens TG. End-of-life discussions and advance care planning for children
on long-term assisted ventilation with life-limiting conditions. J Palliat Care. 2012; 28:21-27.

30. Gilgoff I, Prentice W, Baydur A. Patient and family participation in the management of respiratory failure in
Duchenne’s muscular dystrophy. Chest. 1989; 95:519-524,



18 j0ACAEDA - 0§ipooE0A; - BFFEIEARKRIRY ¢

i 0E OE; «Or°ieN &

(Home oxygen therapy)

(hypoxemia)
(pulmonary
vasoconstriction)
(chronic hypoxemia)
(home oxygen therapy)

I8 Y Iuamine

home oxygen therapy
[1-3]
1. chronic hypoxemia
bronchopulmonary dysplasia,
bronchiectasis, interstitial lung diseases, pulmo-

nary hypertension
2. hypoxemia
hypoxemia
3. chronic hypo-
xemia  cor pulmonale, right ventricular failure,
polycythemia

¢ %208 0AEE@me oxygen therapy

home oxy-
gen therapy chronic hypoxemia
0Xygen saturation pulse

oximeter (Sp0,) < 90% 1

<93% 1
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pulse oximeter (continuous
pulse oximetry monitoring)
3

[4]

Sp0;,
pulse oximeter
(overnight pulse oximetry)

3
chronic hypoxemia
polysomno-
graphy (blood
gases analysis)
(Pa0,)
Pa0, Sa0,
pulse oximeter
Sa0,
home oxygen therapy

[4]

1. Bronchopulmonary dysplasia ~ pul-

monary hypertension
chronic hypoxemia (SpO, < 93%)

2. cystic fhrosis  interstitial lung
diseases  severe chronic hypoxemia (SpO,
< 90%) mild chronic hypoxemia
(Sp0, 90 - 93%)

3. sickle cell disease  severe chronic
hypoxemia (SpO, < 90%)

4, sleep - disordered breathing
severe hypoxemia (Sp0, < 90%)

positive airway pressure therapy

Sp0,
home oxygen therapy

home oxygen therapy

(pulmonary hypertension)

home oxygen therapy
pulmonary
hypertension
home oxygen
therapy

lowfow  variable

performance oxygen delivery system

pulmonary hypertension,
high fow  fxed performance
oxygen delivery
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high fow oxygen nasal cannula

home oxygen therapy obstructive
sleepapnea  tracheomalacia
home oxygen
therapy
home oxygen
therapy
home oxygen therapy
L
2.

3. Passover humidi-
fer, bubble humidifer, large volume jet nebu-
lizer

4, (interface)
nasal cannula, tracheal mask

5.

3

1. 939an%19u (Oxygen tank, cylinder) (010

]
=

7 1)

100%

-y
e
-~y
3
A
.‘.-'
.
-

".540-24
Dangl

1 uamsdsoendiau (Oxygen tanks, cylinders) YU
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(fow
meter)

F-H
[3-]

3,000 psi
1,800 - 2,200 psi

[6-7]
2. m?”'amﬁmaan%u (Oxygen concentrator)

L2

zeolite

90 + 5% fowrate 1-10

fow rate

[3-6]

3. aandeuial (Liquid oxygen)

-183
1
860 fow
rate 0.25 15

99 - 100% [6-7]

home oxygen therapy

2 uanuniowmanoendaugus199 (Oxygen concentrators)
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home oxygen therapy
1

[3]

1. High pressure gas regulator (f77W77/ 3)

50 psi
2. Low pressure gas regulator (Flow meter)
(2771 4)
fowrate

fow rate 0-50

fow meter
fow meter fow
rate 01-3
home
oxygen therapy
fow rate > 1 [4]

1. Passover humidifier

home oxygen therapy

100% 90 + 5% 100%
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P

i 5'.1 "'.i:illl";'.—:.""l s

3 uany pressure gas regulator UueI9anTIIY Usenaumae high uag low pressure gas regulator
(@nAs A uag B muaIAU)

BN SUTLET

2]

HEBLLIZER
CUILE]

L

OWETER

4 ugma low pressure gas regulator #3 flow meter (gﬁﬂ‘i‘l?’) VUIATORANDONTIIU
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2. Bubble humidifier(  5A-5C) fow rate 10
3, 8]

corrugate tube

fow rate 10
30 - 40 , Tow rate, (Interface)
, home oxygen therapy
3]
3. Large volume jet nebulizer ( 5 D)
fow rate Ber-
noulli’s principal fow rate home oxygen therapy
capillary effect 1. Nasal cannula
(aerosol) 2
100 (6

5 uanedaeevgunsallinaiudua1msu home oxygen therapy lan A) Bubble humidifier, B) Bubble
humidifier uvuldasa@es, C) Bubble humidifier #1m5uimsaenansendiay, D) Large volume jet

nebulizer
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6 wans oxygen nasal cannula

fow rate
fow rate
1-4 1-2
05-1 [2, 5] FiO,
22 - 45 tidal
volume [1, 4] nasal cannula
[2,3]
fow
rate
(positive expiratory pressure)
(air leak
syndrome)
fow rate
cannula
cannula

2. Tracheostomy mask

(tracheostomy tube)
( 7
8)
fowrate 1-5
FiO, 35-50 tidal
volume [1]
[2,5]
fowrate
fow rate

fow rate 1
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1 uama oxygen tracheostomy mask

8 uaminisaauld oxygen tracheostomy mask Tugfaensin
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home oxygen therapy

1. gunsalpavgunIsTreiiveandiauiu
svge (Intermittent - flow regulator, pulse - dose
oxygen delivery, demand - oxygen delivery,

oxyegen conserving device)

trigger/
cycle  time, pressure, volume
fxed tidal volume ~ fxed
minute ventilation

oxygen saturation

tidal volume

[4]

trigger
fow rate

fow rate [6]
2. ip5evinAmInudusveseandiauluiben

(Pulse oximeter)

Spo,

Sp0,
Sp0,
Sp0, < 90%
Spo,
home oxygen therapy
L
fow rate
3.7]
2.
continuous pulse oximetry monitoring
6
fow rate
3.
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4,
b.
hypo-
Xxemia
pulse oximeter
6.
home
oxygen therapy
1.
2
home oxygen therapy
home oxy-

gen therapy

home oxygen therapy

1

(hypoxic drive)

- Retinopathy of prematurity (ROP)

]

Sp0, 88 - 95%

Pao,

50 - 80

(very low birth weight) [11]
(Atelectesis)

- Pulmonary vasodilation

ventricle, large VSD

single

pulmonary edema

- Oxygen toxicity
(FiO,

05)
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2 home oxygen therapy [1-3, 7, 10]
L
6-8
fow rate
5.
6.
100 psi
1.
8. nasal cannula  tracheostomy mask
fowrate

9. nasal cannula  tracheal mask
10.
11.

1

cilia home

oXxygen therapy
metaplasia, cystic change  fbrosis  [3]

home oxygen the-
[8, 10] rapy
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chronic hypoxemia

continuous pulse oximetry monitoring
Sp0,
3-12

hypoventilation serum bicarbon-
ate metabolic alkalosis,
continuous end -
tidal  transcutaneous CO, monitoring,
polysomnography

home oxygen therapy

home oxygen therapy

[4

L
chronic hypoxemia
( )
2.
continuous pulse oximetry
monitoring

Sp0,
home oxygen therapy

3. pulmonary hypertension
chronic

hypoxemia echocardiogram

[3.4]

chronic hypoxemia

fow rate
fow rate
0.1
1,01-025
1-5 025-05
5 [4]

fow rate

home oxygen therapy

chronic
hypoxemia
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EAD

home oxygen

therapy home oxygen therapy
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i 0ACTONINED” (5 0A% 2% TAADT 1§ - &I

(Aerosol therapy at home)

Aerosol therapy

1. Bland aerosol therapy
hypotonic, isotonic
hypertonic
[
(bronchial hygiene
therapy)
mucociliary escalator

[1

2. Therapeutic aerosol therapy

¢ CE528) j OACOORMNED " (i DA% 4 TA
ARIIS [1, 2]
L

= o/ = 4
Inana Alsaund

4,
(inhaled medications)

(high therapeutic ratio) [3, 4]

mass median
aerodynamic diameter (MMAD)

(respi-
ratory particle)
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MMAD 05 -5 3,51

5
[l
05-1
jet nebulizer
[3,5]
(dead volume)
3
[7]
1. Nebulizer
2. Pressurized metered - dose inhaler [2]
(pMDI) » Vibrating mesh nebulizer
3. Dry powder inhaler (DPI)
(aperture plate)
Nebulizer aperture plate
3 small volume jet nebulizer (SVN) (
[3, 6] 1)

+ Jet nebulizer
capillary tube

SN
L SVN (fl
volume) 25
(baffe) 4
3, 8]
25 -3
+ Ultrasonic nebulizer 2. SUN

MMAD 1 -5 50
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1 uane small volume Jet nebulizer

10
(dead volume) 1
3, 8]
3.
SW 6-8 2, 3]
ventilation/perfusion mismatch
4. Interface
aerosol mask mask
[9] mask
1
50 85 2
[10] SWN mask
blow by
[11-13]

mouth piece

2-3  [11,14]
[15,
16]
reservoirtube  reservoir bag
(2
one - way valve breath -

enhanced nebulizer
(3
- Breath - actuated nebulizer
6. SN

SUN
(air dry)



iOAOQ‘)OMFEO'CEOA%y/Zl’MDiE-& manm Alsauaed 35

2 uans small volume Jet nebulizer with reservoir tube

3 uams breath - enhanced nebulizer i one - way valve ialluU3uraklogazoos

pound 1
2,11 1 10
1 [8]
( 5
) [17] 70% [8, 17, 18]
isopropyl alcohol 5 3% hydro- SWN
gen peroxide 30 [17]
25%aceticacid 30 jet nebulizer (electrostatic

acetic acid ~ [2] quaternary com-  charge) [3,8,18]
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4 ugna breath - actuated nebulizer dFanruauliiinslogazesuanizvais i Uemela

SUN 100
2] pMDE( )

Pressurized metered - dose inhaler (pMDI)
hand - breath coordination pMDI
propellant breath - actuated ( 6)

[2]
5 [16]

5 uams pressurized metered - dose inhaler (pMDI) %9799
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6 uams breath - actuated pMDI (Autohaler™)

(actuation)
[19]
20 - prime pMDI
(oropharynx) [3] prime 1-4
pMDI 5
1 7
pMDI prime [3, 8]
3]
- pMDI
1 pressurized metered - dose inhaler [2]
L
2. 3-4
3.
4 mouthpiece mouthpiece (closed mouth tech-
nique) mouthpiece 4 (opened mouth
technique)

5-10
30
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pMDI - spacer
L spacer one
tail - off [8] - way valve valved holding chamber
(VHC) ( 1) valve ( open

tube) ( 8) one - way valve

2

valve
interface
2 spacer spacer
150 - 750
2-3 spacer
Spacer Aerochamber™, Babyhaler™, ACE™
pMDI 3. pMDI spacer
spacer
pMDI (hand - breath coordi- pMDI
nation) spacer
3, 20] spacer [2]

1 uams valved holding chamber (VHC) wilnsi199
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8 uams spacer vidn open tube

4, spacer
spacer spacer
spacer
[6] spacer
prime spacer 2- 4 puff
spacer
spacer prime
spacer  [2]
5. Interface
mask dead space
mask
[21] MDI with VHC
mask
valve
pMDI spacer
valve
open tube [22]
mouthpiece

6. pMDI with spacer
2
1. spacer
(1250  1:500)

prime spacer

prime spac-
er 2, 8
spacer
spacer
[2.9]
Dry powder inhaler (DPI)
(9 DP|

[3, 20] P!
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2 pressurized metered - dose inhaler with spacer (pMDI - spacer) [2]
(i
2. 3-4
3. spacer
4. mouthpiece facemask
5. spacer 1
6. 5-6 mouthpiece  facemask
I 1 4-6 30
8. facemask

=]
=
o
o |
|

9 wam dry powder inhaler (DPI) %ilnsi149
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multiple doses ~ Turbuhaler™,  [3, 20] DPI
Easyhaler™
DPI individual [2]
dose Diskus™
Accuhaler™ i OACABDAY. L TAAD T TS 2RI - &0
DPI
(hand -
breath coordination)
(inspiratory fow) inspiratory
fow rate 30 - 60
[2]
(use of bias fow)
(assisted ventilation) [23, 24]
6 DPI 3
DPI inspi-
ratory fow 1-45 (emitted dose)
( 6 ) [23]
[23, 24]
DPI L
nebulizer ~ pMDI -
spacer
3 dry powder inhaler [3]
L
2. (33n75Uaeeen e wsaviIn)
3.
4, mouthpiece
5. mouthpiece
6. mouthpiece
7. 1 15-30 4-6
8.
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nebulizer
pMDI -
spacer steroid
DPI
[29]
2. interface
nebulizer T - piece

tracheostomy mask( 10)
T - piece
reservoir [23, 24]
manual
self - infating resuscitating bag
manual self - infating
resuscitating bag
[26]

10 uamenaslsieamiu nebulizer #1n19 interface 199 A) tracheostomy mask B) T - piece  C) liflag

manual self - inflating resuscitating bag #11 reservoir tube
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[27]
[28] humidifed ar  tra-
PMDI - spacer cheostomy
spacer spacer nebulizer
(1)
manual self - infating resuscitating bag
)
manual self - infating resuscitating bag
[28-30]
3 inner tube /
inner tube L
30
[31, 32] fenes-
trate fenestrate nebulizer ~ pMDI - spacer
non - fenestrated inner tube
30 DP|
[32] 5-6

4, bias fow

11 uamenasliiginu pMDI s spacer Tuianidvienasane A) Dignmelaes B) vagmelasae

manual self - inflating resuscitating bag
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2.

inter-
face

[9, 33]
3. SN
fow meter
fow meter
pMDI
DPI

/ [2, 16, 34]

nebulizer
2.

(3% hypertonic saling), N - acetyl cysteine

3.
nebulizer
ventilation
- perfusion mismatch
4,

5.
, bruising
(cataract)
(glaucoma) [35]
6.
nebulizer  face mask
1. (Expose to second-

hand aerosol drug)

occupational asthma

interface

EAD
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j0A- 0 0AO%CION ACE T 4AD j0A; U
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(Conventional chest physiotherapy and

pulmonary rehabilitation in pediatric respiratory home care)

NAITTAN LDENMTA WNEYNAA

(tracheostomy tube)

conventional

-AC81 AP 0A; BEEAMADY 1~ [4-7]
L

2.

(1] 3,
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4

CCRDA- 0 0AA0%CICRI AC§T j4°° con-
ventional [4-19]

L (Postural
drainage)

(modifed
postural drainage)

3-15
1 2
(modifed
postural drainage)
3A-3C
2. (Positioning)

(functional residual capacity)

(functional
residual capacity)
TOINUUALYORITIE A3 UNITI postural

drainage Ua positioning

. (U n-
stable cardiovascular system)

pulmonary edema, pulmonary

embolism
pleural
effusion
3. / (Percussion
and/or vibration)

hypoxemia
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1

Apical segments of upper lobes

Posterior segment of right upper lobe

Posterior segment of left upper lobe

Anterior segments of upper lobes

L wanamsinnigiienianiiessvigiaumsuassumbilunisnisuasaulonnaus 199
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Lingula segment of left upper lobe

Right middle lobe

Right medial basal and left lateral basal
segments of lower lobes

Apical segments of lower lobes

1 wansnssangiaesnidniiiossugiaumzuassmmislunisinizuasaulonnausieg (7e)
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Anterior basal segments of lower lobes

Lateral basal segment of right lower lobe

Posterior basal segments of lower lobes

1 wansnissangiesmidniiiossugiaumzuasimmislunisierzuasaulonnausig (se)

/ - 2-3

1-3 ( 2 ( 4A 4B
1,2  3A-30C) )

Youuzivialy
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Apical segments of upper lobes

-

Posterior segment of right upper lobe

Posterior segment of left upper lobe

Anterior segments of upper lobes

2 uansmsvanigaednlaiiossuieaunsuassmidunsimizuasaudennausieg
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Lingula segment of left upper lobe

Right middle lobe

Apical segments of lower lobes

Right medial basal and left lateral basal
segments of lower lobes

2 uananssavgaednlmiiessueiauzuaziumislunsinziasauonnausieg (de)
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Anterior basal segments of lower lobes

Lateral basal segment of right lower lobe

Posterior basal segments of lower lobes

2 uananssavgaenlmiiessueauvizuaziumislunsinsuasauonnausieg (da)
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3C

3 uanInNITSAYTEUIBlaE UV ST sk T ST UIEkauvE TINAUNTTA Iz a U oA} upper lobe Ingly
wnegluveunaey fsvege (3 A), right middle lobe lnelitgneglurinzunsiaee (3 B) uay
lower lobe Inglisineglurmzunsiniy (3 C)

TONIUUASTOAITTZ T
- - acute infammatory pul-
( ) Monary process



56 0ACAGDA - 08ADoOL0A:” - BFFEEARLERA ¢

pulmonary edema, pulmonary

embolism
nsnsedulsinseuoy (Huff cough)
steroid
----- > S

4, (Huff - > w o
cough) Jormuazdomssy T

msnsedunsle - (hyperactive

18 ainway)
tracheal compression - (aneurysm)
18
----- > SRS

4B

4 uaneninmrwvinamsieniiossueaune lnenaideidugudaeasuinian (4 A) uasiinle (4 B)
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5, 5 B)
3-5
5.2 mstnmsmelalaelindnuiossni
(peripheral airways) 33 (Costal breathing exercise / Localized chest
(central airways) 2 expansion)
5.1 msAnmsmelelaglindmiidons sy extemal intercostal
(Diaphragmatic breathing exercise)
3 ()

- Upper costal breathing exercise
Middle costal breathing exercise
- Lower costal breathing exercise

(Fowler’sposition)(  5A)

5B

5 uamnsinnrsmelalaglinarsuidensviau lnednlgtaeeglun Fowler ‘s position (5 A) uazsfuvia
97279 (5 B)
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Upper costal breathing

Middle costal breathing

Lower costal breathing

6 uananistlnmsmelalaelinarndosewirdlaseamsugtaeiinulnuniveonusayain

6. chest trunk mobilization

3-5
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biomecha- n138nr1lsnsI99na1ue 9 (Lateral stretch
nic of respiratory movement chest wall)

n158nadansIeena 1) - %ad (Anterior-

posterior stretch chest wall)

2 7. Manual chest stretching

2 35n75%0n

Chest trunk mobilizations
anterior - posterior chest wal

-

Chest trunk mobilization.
lateral chest wall

8 wamenisinrfansavandude (Lateral stretch chest wall)
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transverse 8. Intercostal massage

process
sternum )
sternum
up- 25m98ln

per 9 A), middle ( 9B)  lower
chest ( 9C) 1 (intercostal space)

5

9 uams35n9v1 manual chest stretching aauus (9 A), d1unan (9 B) uazaua1d (9 C)
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3-5 (104
(intercostal
space)
3-5 (10
B)
VCGFEEER
skin graft

2
(active exercise)

(passive exercise)

10.

10 uans3snisvi intercostal massage Hrumidh (10 A) uagniuda / arunad (10 B)
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11 uansdsnisinnisn19v7 (11 A) wasnisnsesavaledy (11 B)

( 11A 24
(118 1

O OO B DO

15

18

24
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Chest trunk mobilization
Manual chest stretching
Intercostal massage

i 0AAK; CGDA - 05 0AA0Y:CIOREACST

\

Al jEOATEEO
1 . Individualized respiratory care for specifc respiratory problems: Management of the
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, , , : . Pediatric respiratory diseases in daily
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{08 0;0AA0vCdoRI AcsT 2™ A

AaaC

(Self-administered equipment for chest physiotherapy)

2 mucociliary escalator
(peripheral

airways) 2
(central

airways) [1]

mucociliary escalator

12

ventilation -
perfusion mismatch

3

') el

submucosal gland
, mucus
(compliance)
: functional residual capacity (FRC)

collateral airway channel [4]

(airway clearance therapy)
(lung expansion
therapy)
mucociliary escalator ~ /

(con-
ventional chest physiotherapy)
(postural drainage),
(percussion and vibration)
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(self - administered chest physio-
therapy equipment)
incentive spirometer, positive expiratory
pressure (PEP) therapy, high frequency chest wall
compression  cough assist device

Incentive spirometer

Incentive spirometer
(sus-
tained maximal inspiration)

(incentive)
[3-7]
Incentive spirometer 2 [3, 4]
1. Volume - oriented incentive spirometer

(1

piston  bellow  spirometer

1 uams volume - oriented incentive spirometer
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2. Flow - oriented incentive spirometer

(inspiratory fow rate)

inspiratory fow rate
indicator
( 1
)
( 2A 2B (

2 C) indicator
inspiratory fow rate

indicator

incentive spirometer
Tri - Flow™, CliniFlow™ (2B

2C

capacity

[3-8]

restrictive lung defects

inspiratory capacity

vital

2 uams flow - oriented incentive spirometer wilaiidlgnueagniaea (2 A), Tri - Flow™ (2 B) us

CliniFlow™ (2 C)
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[3,4]
L
incentive spirometry
4-6
2.
vital capacity 10 - 15
inspiratory capacity
1 3 predicted value
adap-
tor incentive spirometer
[6, 8]
3.
incentive spirometer
incentive spirometry
15-25 2
tidal volume
predicted vital capacity
[4,6,7]
incentive spirometer [5]
L semi - Fowler
position
2. mouthpiece
incentive spirometer
3.

nose clip

3-5 collateral

airway channel ( Pores of Kohn, Canals of
Lambert, Channels of Martin)

]

4. mouthpiece

2-3
huff ( “
”)
) incentive spiro-
metry 5 - 10 1 1
3-4
parameters
incentive spirometry parameters
[3-6]
hyperventilation
incentive spirometry
4, (breath sound)
5. inspiratory fow  volume
6.
target volume
1.
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incentive spirometer
incentive spirometry
[3]

3. 4]
1. Hyperventilation

2. Airway closure  bronchospasm

functional residual

capacity (FRC)

3. Hypoxemia oxygen
therapy incentive
spirometry nasal can-
nula

incentive spirometry

4. Barotrauma
emphysematous lungs

Positive expiratory pressure (PEP)
therapy

PEP therapy

(functional residual capacity)

collateral airway channel

9, 10]

17-28
collateral airway channels

terminal bronchioles respiratory

bronchioles [11]

PEP therapy

blowing games, PEP

devices PEP mask, oscillatory PEP
( Acapella™)

Blowing games

PEP device

blowing therapy

bubble PEP |
3A)

positive expiratory pressure

, pinwheel,
(3B
PEP device

(airway collapse) intra-
thoracic pressure
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3 uams blowing games ilngr199 19U Bubble PEP (3 A) kagnsithauiiuvionsen 1 (3 B)

]

PEP device
(- 4[10]
- One - way breathing valve
- Expiratory resistor small - exit
orifce adjustable expiratory resistor
Manometer expiratory pres-
sure
- Patient interface mask
mouthpiece
resistor
mid expiratory
phase 10 - 20

collateral airfow
collateral airway channel

dynamic airway
collapse air trapping
functional residual capacity (FRC)

[9-14]
PEP device
cushioned facemask

( )

mouthpiece one - way breathing
valve adaptor  endotracheal tube
25-3 adaptor
expiratory resistor ( 4)
PEP device
manometer  outletpart  one-way
valve adaptor

10-20
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4 yanegausenouiiaIAgves PEP device uszdwgias ldln T - piece 7l one - way valve (A gnes

%), expiratory resistor i small - exit orifice lunil#idu connector wag endotracheal tube No.

3.0 (B), manometer a1m3ultiin expiratory pressure (C) lag patient interface Fve791flu cushion

facemask 39 mouthpiece Alg (D)

PEP device
expiratory resistor
posi-
tive expiratory pressure
pressure indicator
tory pressure
meter
Oscillatory PEP (OPEP) therapy

monitor expira-
mano-

PEP device
13 - 30 Hz
viscoelasticity
spinnability

6-21
[9, 10] OPEP
Acapella™( 5 coun-
terweight plug
Acapella™ 3
expiratory fow
rate 15
expiratory fow rate 15
Choice model™
autoclave,
[10] Acapella™
gravity
- dependent PEP device
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5 uams Acapella™

expira- PEP device ~ OPEP therapy
tory fow rate  [9, 10]
PEP device ~ OPEP therapy L
resistor
4-6
(dlia- 2. 20
phragmatic breathing) huffng
[15] 3. hemodynamic instability
[14]
PEP therapy [16] 5. PEP mask
L air
trapping 6. active hemoptysis
1.
2. dynamic airway
obstruction 8. pneumothorax
bronchi-
ectasis PEP device ~ OPEP therapy
3. PEP device ~ OPEP therapy
[16]

absolute contraindication
PEP therapy inhaled bronchodilator



74 {0LOAGDA - 08ApoOL0A:” - BIFEIEANLERA ¢

PEP device OPEP therapy
nebulizer  PEP
device ~ OPEP therapy
[17, 18]
?fuﬁ)aumiﬁ PEP device [10, 13]
L

mask
mask
mouthpiece
nose clip
2. expiratory resistor (
positive expiratory pressure 10-20

)

mouthpiece

3.
tidal volume
total lung capacity
4,
FRC expiratory pressure
10 - 20
3
(I': E ratio 1:3)
5. - PEP device
12 - 15 mask
mouthpiece nose clip mask
mouthpiece
12 nose clip

FRC

]

6. forced

exhalation maneuver  huff2 -3
7 3-5 3-6

20

dunounsle Acapella™ [10, 19, 20]
L

PEP device
2. tidal volume
total lung capacity
2-3
3. mouthpiece
Acapella™ expiratory resistance/

frequency adjustment dial

4, FRC
counterweight plug

B,
Acapella™ 4 12-15
PEP
device [9]
6. Acapella™
huff 2 - 3
1. 2-5
4-8
20
8. inhaled bronchodilator

Acapella™
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pulse

[16]
parameters
PEP therapy
parameters
[16]
L
PEP therapy
2. vital signs
PEP therapy
bradycardia, irregular
PEP therapy
3.

PEP therapy

4,
PEP therapy
)

PEP therapy
PEP therapy
[16]

L
2. Barotrauma
3. Hemodynamic instability

High frequency chest wall compression
[ oscillation (HFCWC HFCWO)

(6

infatable jacket ( 7)
air pressure generator (

6 mma;z]nizzf high frequency chest wall compression Usznaugag airflow generator (aneAs A) kay
inflatable jacket (gnAs B) (1MilATUAIINOUATILVINGD TTUGUNINANUIYIFUN1T1F1)



76 0AOAGDA - 08ApoOL0A:” - BFFEEANLERA ¢

[ uanq inflatable jacket 7il4ruiATod high frequency chest wall compression gnﬂﬁtéﬁmﬁf?émﬁ\?

jacket 799U air pressure generator (7WIlA3UAIINOUATIZHINGDITUGYN IMANUAITIA

U97I5I71)
6) jacket
jacket 5-25Hz
(frequent repetitive cough ~ mini cough)

(cough assist)
[1, 9, 2]
acute hypoxemic respiratory
failure
HFCWC cerebral palsy

[22]

HFCWC 3 1,9 21
1
3 Hz shear force
2. 10 Hz
30 viscoelas-

ticity spinnability
cross linkages
DNA molecules
recombinant
human deoxyribonuclease 1

3 ciliary beat frequency
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FRC
PEP therapy

chest wall compression
HFCWC end expiratory lung
volume 10-15

obstructive lung diseases
end expiratory lung volume

lung volume [21]
HFCWC [23]

2-3 [14]

[l
[14]
HFCWC
L
cystic fbrosis, bronchiectasis, cavitating lung
disease
2.

[23]

Absolute contraindications

2. hemodynamic insta-
bility

Relative contraindications

3. Hemodynamic instability

4. Pulmonary edema
congestive heart failure

5. Bronchopleural fstula

6. Subcutaneous emphysema

1.

8. (active
moptysis)

9. Pulmonary embolism

10.

11

12. Bronchospasm

13,

14, transvenous
maker

15. Recent

16.

17. Recent skin graft

recent he-

subcutaneous pace-
acute spinal injury

skin fap

18. burn, open wound

19. Lung contusion

20. Osteomyelitis
21. Osteoporosis
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22. Coagulopathy
23.
HFCWC
HFCWC

HFCWC

gastrostomy tube
gastrostomy
3. jacket
iliac crest [16] infate
jacket

jacket jacket

10 - 20 Hz
[21]
infation pressure (
4-6 1-10)

6. HFCWC therapy
20 - 30 5

PEP therapy
HFCWC

[21]
hypoxemia

[

Mechanical insu®Fation - exsu®Fation
(MIE) (8

MIE
(central airway)
[
(positive
pressure)
(negative
pressure) expiratory fow
[1, 24]
length - tension properties  expiratory
muscles lung recoil
pressure
[25] MIE
(oscillation)

[26] MIE
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8 Aéﬂﬁ)ﬂ@‘dﬁmf mechanical insufflation - exsufflation W?’aﬂwﬁ’if)mmﬁﬁif@’fﬂw (gflﬂi‘?’)

3 126]

in - exsuffation pressure

+0-60
[24] +40
+ 30 exsuf-
fation pressure insuffation pressure
5-10 expiratory
fow rate
insuffation pressure 15 - 40
exsuffation pressure 20 - 50
[24] compliance  resistance
[1]
+15

tidal
volume [14]

insuffation - exsuffation
pressure [1]

1
insuffation pressure
barotrauma
exsuffation pressure
central airway collapse
1

6. Insuffation cycle mode

2 manual
(timed automatic cycle mode)
manual mode in - exsuffa-
tion pressure mode
timed automatic cycle
1. insuffation
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time, exsuffation time ~ pause time
exsuffation insuffa-
tion insuffation time ~ ex-
suffation time insuffation fow rate
insuffation time
exsuffation time
[24] insuffation time
exsuffation fow
exsuffation time
exsuffation fow
FRC [1]
MIE  endotracheal tube
tracheostomy tube insuffation time
pressure equili-
brium
lung mechanic 6
10 insuffation time
1
70 calculated vital capacity
tracheostomy tube internal dia-
meter 30,35 40
1 [27]
parameter
maximum expiratory

fow rate insuffation time,
insuffation pressure  exsuffation pressure [1]

exsuffation pressure maximum
expiratory fow rate insuffation pressure

1]
insuffation pressure
exsuffation pressure [1]
1

insuffation  exsuffation pressure

insuffation volume,
exsuffation volume  exsuffation fow [28]
MIE interface
mouthpiece, air - cushioned face mask ( 9),
endotracheal tube  tracheostomy tube
endotracheal tube  tracheostomy
tube  infate cuff [26]

glottis fow

exsuffation fow [24]
mouthpiece
[24]

in - line suction catheter
[24]
MIE

manually assisted
cough [1] American Association for Respiratory
Care  Canadian Thoracic Society
MIE
peak cough fow 210/
British Thoracic Society
bulbar muscle involvement

American Thoracic Society
MIE Duchenne muscular dystro-

phy [29]
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9 Aéﬁﬁ)\m75@5@717413’707051/271’/38/‘2@3?7?@1/0mf mechanical insufflation - exsufflation

2. MIE lung expansion
therapy chest
wall compliance manual
insuffation pressure 50

5-6 [24]
contracture
fhrosis
MIE quadriplegic spastic cerebral
palsy MIE
percussion  vibration [30]

Absolute contraindications [26]

1. Tension pneumothorax

2. active hemorrhage  hemo-
dynamic instability ( pulmonary hemor-
rhage)

3. head
injury

4. Tracheo - esophageal fstula

C - spine

5. Uncontrolled asthma broncho-
spasm
Relative contraindications [26]

1. Emphysematous bullae, subcutaneous

emphysema
2. epidural space
spinal anesthesia
3. skin
graft
4, transvenous pacemaker

subcutaneous pacemaker
B
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6. Pneumothorax

1.
tracheobronchomalacia

8. Recent barotrauma

9. Recent lobectomy/ pneumonectomy

10. Severe obstructive lung disease
severe asthma

11. Cardiac instability

12. Increased intracranial pressure

external ventricular drainage

13. barotrauma

14,

15. 3

L

2. insuffation pressure, exsuffation

pressure, insuffation time, exsuffation time
pause time
insuffation pressure

2 (2§
3 in - exsuffation pressure
5 cycles
setting 20 - 30
hyperventilation
[14]
PEP therapy
MIE [1]

1. Barotrauma  pneumothorax

2.
3. Intermittent airway obstruction

upper airway collapse exsuf-
fation pressure
laryngomalacia
4, (cardiac arrhythmia)
)
6. Hemoptysis
7. Abdominal distension

self - administered chest physio-
therapy equipment

(conventional
chest physiotherapy) postural
drainage, manual chest percussion/vibration

[31]

self - administered equipment
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Acapella™, HFCWC

(cough assist device)  MIE

self - admi-
nistered chest physiotherapy equipment
PEP mask
2.
3
cough assist device
3
1 [14]

: 4,

bronchiectasis tracheobronchomalacia

(positive expiratory pres-
sure [PEP] device)  PEP mask, oscillatory PEP
( Acapella™)
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(Pediatric tracheostomy home care)

(tracheostomy tube)

') el

(decannulation)

[1-4]

1
(Upper airway obstruction)
(trachea)

(congenital anomalies) bilateral
choanal atresia, severe laryngomalacia, congeni-
tal subglottic stenosis
post extubation subglottic stenosis, laryngeal
diphtheria

2. (pulmo-
nary toilet)
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sive

(invasive mechanical ventilator)

non - inva-

(Fltering),
cilia

(ciliary clearance),

[1.9]

(warming and humidifying)

laryngeal blast

trachea
(larynx)
(epiglottis)

cuff (cuffed tracheostomy tube)
cuff hypopharynx

laryngeal refex

[

[1, 6, 7]

1. Metal tube ( 1)

bioflm
stomal tissue reaction

(inner tube)

trachea
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1 uanerionaonneviaiiviiomlans (metal tube) (1 A) uazaanidsenausneg laka inner tube (1 8) ua

obturator (1 C)

cuff
( 15 )
self - infating resuscitating bag

inner tube
(work
of breathing)
2 poly-
vinyl chloride (PVC), polyurethane,
Shiley tube™, Portex

tube™, Tracoe tube™ ( 2A28,2C
) PVC  polyurethane
2 -4
( inner tube

5 )

(resterilization)
Bivona™ ( 2 D)

colonization bioflm

magnetic resonance
imaging (MRI)
PVC

cuff (cuffed tracheostomy
tube) cuff (uncuffed tracheostomy tube)
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2 uanwviaviaesmewila Shiley tube™ (2 A), Portex tube™ (2 B), Tracoe tube™ (2 C) ua¢ Bivona™

2 D)
cuff

(high pressure)
cuff 3 [6]
- High volume - low pressure cuff  cuff
infate cuff
cuffed tracheostomy tube
Shiley tube™ , Portex tube™, Bivona Aire™

( 3A-3C) cuff
stoma tracheostomy
- Low volume - high pressure  tight
- t0 - shaft (TTS) cuff infate cuff
cuff
cuff pressure cuffed

tracheostomy tube Bivona TTS™
(4 cuff cuff

stoma
pressure cuff

tracheostomy high
defate cuff

foam cuff ( 5)
cuff polyurethane foam

tracheal injury

cuffed tracheostomy tube ( H
cuffed trache-
ostomy cuff pressure

20 - 30
6]
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3 uams cuffed tracheostomy tube wiln high volume - low pressure cuff 191 Shiley tube™ (3 A),
Portex tube™ (3 B), Bivona Aire™ (3 C)

4 uans cuffed tracheostomy tube ¥l low volume - high pressure %3 tight - to - shaft (TTS) cuff
@ Bivona TTS™ nau inflate cuff (4 A) uazvad inflate cuff (4 B)
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5 uane cuffed tracheostomy tube ¥ia foam cuff nau inflate cuff (5 A) uazvas inflate cuff (5 B)

6 wams dual - cannula tracheostomy tube (6 A) uagausznaus1eg lala inner tube (6 B) uae
obturator (6 C)

inner tube adjustable fange
metal tracheostomy tube, (7
dual - cannula tracheostomy tube ( 6)

customized tracheostomy tube (  8)
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[ uanwievasnmein adjustable flange ¥idnsng Taswnau (gnasd) lamsuUsunaineveseviaonne

Imsnzaurugiae
fenestrated
tracheostomy tube ( 9)
(decannulation)
cuff
de-
cannulation inner tube defate
cuff
vocal cord

(98]

1. edeineaivdgie

outer  inner diameter
trachea
tracheal wall injury
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8 uansonasanevin customized tracheostomy tube

9 uanwionaenmevila fenestrated tracheostomy tube (9 A) uazaaudsznoaun1vg lakn inner tube
(9 B) gnersiuansesliiauiiintuvas wasiuiuluds vocal cord vliiAndeswadu
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cuff
infate cuff cuff pressure
(internal diameter)
118]
stoma 2

tracheal carina 1 - 2
(x-ray neck, high KV)
(AP and lateral view) (
10A 108
(fberoptic bronchoscopy)

( )
( 108)

tracheal granulation, tracheo -
esophageal fstula, tracheo - innominate artery
fstula

cuffed tracheostomy tube,
customized
tracheostomy tube, adjustable

fange tracheostomy tube

PVC
granuloma

cuff cuff

1 (internal diameter)
<
/
(internal diameter)
25
1,000

1,000 - 2,500 30
0-6 30-35
6-12 35-4.0
1-2 40-45

2 [ ()+16)/4




@) g 05

10 uamenmaressdne (x-ray neck, hich KV) %sluyimse (10 A) uagvsiud (10 B) AaIue1Ive9ve
vaennaTiiIzauAe Ualeyeniseganain stoma ithlveg ey 2 wudiums uaveginile tracheal
carina 1 - 2 lwudiuns (10 A) uagdmiovasnnslasluniuuuivesiasnns (10 B)

cuff
fenestrated tracheostomy
tube
2. taseiheasuUseaunisalvesnmg e

2/

gauagire

3. tswinneiruvievasanelagssd L [10]

[9] 2
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(shallow suction tech-
nique)
(premeasure)

granulation
tissue

(normal saline)

self - infating
resuscitating bag
colonize

[10]

(negative pressure) 60 - 80
, 80 - 100
80 - 120 [11]
- end -
hole 1 side - hole 3
(internal diameter)
[11]
2. [7, 10]

mucociliary escalator

33-37 (



@ g o7

100) 32-34
tracheosto-
my mask
active humidifer
passover jet nebulizer
heated
humidifer
passive
humidifer (artifcial nose)
connector (11
pas-
sive humidifer dead space

desaturation
dead space 19-9%
meta - analysis
heated
humidifer  passive humidifer
[12]

meta - analysis

11 uanvgunsailimautuyidn passive humidifier (artificial nose) (gnAs®) ldamsunseuliviau

connector Yevo%agnne
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Passive humidifer 4
- Heat and moisture exchanger (HME)
- Heat and moisture exchanger flter
(HMEF)
- Hygroscopic heat and moisture
exchanger (HHME)
- Hygroscopic heat and moisture
exchanger flter (HHMEF)
flter  bacterial flter
hygroscopic condenser
calcium chloride lithium
chloride
American Association for Respiratory Care
active humidifer
33 - 44
100 34-41
passive humidifer
30
100 34
[13]

3.
(tracheostomy ties)

(critical
upper airway obstruction)
[14]
desaturation
(accidental
decannulation)
tracheal granuloma
tracheostomy stoma
cuffed tracheostomy tube [7]
innertube  silver trache-
ostomy tube
inner
tube Por-
tex™ tube inner tube inner
tube
3

silver tracheostomy
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tube
PVC
3-4
[7]
4 tracheal stoma
5.

(vastrostomy tube)
2 [13

msinwalaelvaunsaliasu

vocal cord vocal cord
vocal cord
vocal cord
speaking valve
[19]
- Vocal cord
- (speaking valve)
[7, 15-18] ( 12)
one -

way valve
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12 uamsmsldounsaldmsuilnge (speaking valve) (12 A) aauthiuvienaenmelaessd (12 B)

speaking valve

(outer diameter) 2 3
trachea
] (medically
stable)

defate tracheostomy cuff

laryngectomy
(anarthria)
- Bilateral adductor vocal cord paralysis
- Severe tracheomalacia
(Tracheal edema)

(End stage pulmo-
nary disease)

(Very
poor lung compliance)
(Serious illness)

speaking valve
Passy - Muir valve™  one - way speaking

valve opening

speaking valve
vocal cord
[19]
13 [20]
speaking valve

Sp0,
(medically stable)
speaking valve

speaking valve
10 2
speaking
speaking valve
speaking valve

valve
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trated tracheostomy tube

12

(

vocal cord
b.
1157191975
larynx
larynx

9)

PEEP
FiO, 0.6
fenes-
[15, 18]
epiglottis

n71597U17

U ETGIRIGR)

nsIANINssua TR guazNIIaeNYaNAY
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[21]

mslulsasyy
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[15]

- 70% )

+ Self - infating resuscitating bag

(oxygen
concentrator)
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[15]

24

(oxygen concentrator)

(Basic life support)

[7, 15]
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(Tracheitis)

' self - infating
resuscitating bag
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2-4

(fheroptic bronchoscopy)
granulation tissue

1 granulation
tissue

[

[7, 22-24]

L (Re-
current tracheitis/bronchitis)

2. (Bleeding per
tracheostomy)

3. (Tracheostomy tube
obstruction)

4, (Accidental decannula-

tion)
5. Suprastomal granulation/stenosis
6. Suprastomal collapse
7. Tracheal granulation
8. Tracheomalacia
9. Persistent tracheo - cutaneous fstula
10. Tracheo- esophageal fstula
11.Tracheo - innominate artery fstula

suprastomal granulation/stenosis, supra-
stomal collapse, tracheomalacia  persistent
tracheo - cutaneous fstula

accidental decannulation, tracheal ulcera-
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tion, tracheal hemorrhage, stomal irritation

tracheal granuloma, tracheo -
esophageal fstula ~ tracheo - innominate
artery fstula

tracheo - innominate
artery fstula

(low tube placement),
aberrant innominate artery

position [25] tracheo
- esophageal fstula
cuff pressure
nasogastric tube [25]
[26-28]
(Decannulation)
2 [7]

126]

[29]

_1 (Downsize tracheostomy tube) [8,
30]
1
(anatomical and func-
tional airway patency)

(anatomical obstruction)
(functional obstruction  tra-
cheomalacia)
2.

3. lwdnerguinnar 2
daytime capping trial
(capped tracheostomy tube)

capped tracheostomy
tube

nighttime capping trial
capped overnight sleep study
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capped tracheostomy tube
[30]
overnight polysomnography
nulation outcome
index

decan-
apnea/hypopnea
desaturation (SpO,
baseline 3%) [31]
ludinergioenar 2 U cap-
ping trial

__ 2 (One - stage decannulation proce-
dure) [7, 32
L
(anatomical and func-
tion airway patency)

3.
overnight polysomnography

apnea/hypopnea index,
(percent of total sleep time)

SpO, 90% Sp0, (nadir
Sp0y) [33]
admit
24 - 72 [7, 8, 29, 30]

24
2 2 comor-
bids [30]
decannulation failure 48 - 96
[29]
decannulation failure
functional airway patency
[34-35)
tracheal stoma
tracheal
stoma
24
[34] 3
[8]
1%)
tracheostomy
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(Pediatric home mechanical ventilation)

(ventilator
weaning failure)

1, 2]
chronic respiratory failure with ventilator depen-
dent
(long - term home
mechanical ventilation)

') el

chronic respi-

ratory failure ventilator
weaning failure

(

)

hypoxemia

hypoventilation
REM sleep
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[3 - 6]

chronic respiratory failure
[7, 8]
L,

spinal muscular atrophy (SMA), Duchenne
muscular dystrophy, congenital myopathy
cerebral palsy
, traumatic spinal cord injury

(invasive home mechanical
ventilation)

(
1)[9, 10]

1
tion)

congenital central hypo-
ventilation syndrome brain
stem tumor, brain stem encephalitis

MELAS disease

3.
severe bronchopulmonary dysplasia, severe
chronic lung diseases

4, severe
scoliosis, congenital thoracic dystrophy

restrictive defect
)
chronic respiratory failure

(obstructive sleep ap-

Congenital central hypoventilation syndrome
Spinal muscular atrophy (SMA) type |
Congenital myopathies

Severe chest wall defects

Airway diseases

Chronic congestive heart failure

Other neuromuscular diseases

nea)
non - invasive positive pressure
(invasive home mechanical ventila-
( .. 2545 - 2562)
()
5
3
3
2
2
1
14
30
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home mechanical ventilator)

(invasive home mechanical
ventilator) interface (non-invasive
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(Pediatric invasive home mechanical ventilation)

(advanced respiratory care)

non - invasive home
mechanical ventilator

(trouble
shootings)

') el

(Invasive
home mechanical ventilator) [1-3]

mode
(hospital ventilator)

(invasive positive pressure ventilator;
IPPV) interface
(non - invasive positive pressure ven-
tilator; NIPPV)
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(fow generator)
compressed air
fow generator
internal battery

internal battery

fow generator  turbine fow
internal battery fow
generator  piston ventilator
setting

Breathing circuit single
limbed, open system ( 1) dual
limbed, closed system inspiratory
expiratory limbs

single
limbed, open system
expiratory valve (
1) leak compensation

air leak  tracheostomy tube
monitor
parameters
dual limbed system
tidal
volume minute volume

expiratory valve

1 uama breathing circuit vounsesvgmelailaniuyidailisiumsevasnme (u single limbed,

open system 6717?2/1478/2@@9/‘77//7\7 expiratory valve (gnﬂﬁf')
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dual limbed
system setting
monitor  parameters
3]

invasive home mechanical ventilator (HMV)
single limbed, open system
double limbed, closed system

ventilator circuit
2 leakage valve
exhalation valve leakage valve
automatic leakage compensation
tidal volume  minute volume

Carina™

circuit leakage valve
non - invasive

invasive

interface

rebreathing
exhalation

leakage compensation
invasive ventilation

pressure
valve

rebreathing

tidal volume  minute volume
leakage

minute volume
leakage com-
Trilogy
breathing circuit leakage
passive positive airway pressure

exhalation valve active

valve tidal volume
pensation
100™
compensation
circuit

positive airway pressure circuit

invasive HMV [4-7]
Flow generator

fow generator
fow generator 3

Dual micro - pistons system
Newport HT™
- Turbine system

Carina™
Blower system
Trilogy™
Trigger system
2 pressure trigger ~ Fow trigger
invasive HMV Newport HT50™
pressure trigger
10
invasive HMV trigger
pressure  fow trigger
5
Trilogy 100™ trigger
Digital Auto - Track sensitivity sensitivity
leakage
Mode
invasive HMV
mode
mode invasive HMV
assisted/controlled (A/C) mode volume

controlled (VC)  pressure controlled (PC), SIMV
(SIMV - VC, SIMV - PC)  spontaneous mode
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support])
pattern
pressure (ramp, rise
time), pressure
mode CPAP (C - Flex) EPAP  mode
BiPAP (Bi - Flex)
C - Flex Bi - Flex
pressure
1
invasive HMV [4-7]
invasive HMV
mucociliary
esclator
mucociliary escalator
mid trachea
34
34 - 38
3-5 (39- 5™ generation
of bronchial trees)

37 44
8]

invasive HMV

active (heated) passive humidifer

active humidifer passive
humidifer
( 41
43
)
breathing circuit [8, 9]

Active  heated humidifer inva-

sive HMV passover ( 2)

heated humidifer
(3

wire breathing circuit
( 4) servo control

heated

(condensation)

humidifer
(9
active humidifer
[10]
- heated wire
breathing circuit
(water trap)

breathing circuit
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3 uamsszuurnFULUY heated humidifier ¥iafianuisonungamgilaieu
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5 uamimsldUsen (gnes) ilonsavaeveamgiivesineiioonaininTeriinaIugu
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breathing
circuit
alrway pressure
(sterile water)
(9
internal bat-
tery
internal battery
invasive HMV
3
- e
- unndgpua

- @S rgngla

invasive HMV

invasive HMV

[11, 12]
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“Care map

invasive HMV

2 invasive HMV (

24
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invasive HMV

congenital muscular dystrophy

invasive HMV

24

invasive HMV

inva-
sive HMV
[1, 13]
L
stable for discharge)

(Medically

(hospital readmission)
3
[14]

setting
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acute decompensation

2-3 2-3
( blood gases)
home ventilator setting
¢+ Fi0,<04
» PP<30-35
+ PEEP<8

Pressure support < 8
Respiratory rate < physiologic rate

(home respiratory
equipment trial)
24 - 48

24

24

checklist

2545
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(Troubleshooting)
invasive HMV
(trouble-
shooting)
1. Medical complications hyper-

capnia, hypoxemia, barotrauma, seizures, hemo-

dynamic instability, airway complications (
stomal tracheal infection,
tracheal erosion, tracheal stenosis )
[15]
2. Equipment - related complications
(malfunction),

[15]

3. (Psy-
chosocial complications)

[16-19]

invasive HMV 2 [15]
L

AT ITR9AUN I TRUAL U IgUAZIATEITIE
melo

L

4, (ventila-
tor setting)
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)
charge internal battery
internal
battery charge
6.
(Uninterruptible

Power Supply UPS system)

N199DUAUDIS DAY Y 10RO UYDIATONY I

mely

(alarm system)

(chronic pulmonary
diseases)

50
unexpected death

[20]

.. 2545 . . 2562

30 20
[20] 24
unexpected death

spinal muscular atrophy type
|2, congenital myopathy 1, brain stem
tumor 1, Leigh disease 1 chronic
heart failure (acute myocarditis S/P cardiac
transplantation) with hypoxic ischemic encepha-
lopathy 1

invasive HMV
chronic respiratory failure
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[4-7]

Low pressure -
alarm - Breathing circuit

- Exhalation valve

self - infating resuscitating bag
breathing circuit

exhalation valve

High pressure -

alarm self - infating resuscitating bag
self - infating
- Bacterial flter resuscitating bag
- Breathing circuit
breathing circuit
breathing circuit
circuit breathing circuit () bacterial
flter
Minute - Breathing circuit
volume (MV) self - infating resuscitating bag
low - Exhalation valve breathing circuit

leak
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non-invasive

(Home non-invasive mechanical ventilation)

non-invasive (non-
invasive ventilator, NIV)

(endotracheal tube) (tracheo-

stomy tube)

granulation tissue

L 2]

NIV 2
(positive NIV)

NIV

Pulmowrap™, Chest shell™

J8u Y Iuamsne

positive NIV

home NIV

(work of breathing)
alveolar ventilation [3-5]
L. obstructive
sleep apnea, tracheobronchomalacia
2. restrictive lung defects  kypho-
scoliosis, chest wall deformity, lung hypoplasia

3 bronchopulmonary
dysplasia, cystic fhrosis, interstitial lung diseases,
bronchiectasis, bronchiolitis obliterans

4, spinal muscu-
|ar atrophy, myasthenia gravis, spinal cord injury,
diaphragmatic dysfunction, congenital muscular
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dystrophy 3.
5. congeni-
tal central hypoventilation syndrome, cerebral 4,
palsy, encephalitis, encephalopathy
NIV
0Xygen saturation pulse oximetry
(Sp0,) PaCo, arterial
blood gases
nocturnal hypoxemia nocturnal hypo-
ventilation 1
home NIV Sp0, 2.
94% PaCo, 3. (circuit tube)
45 (exhalation port)
4, (interface)
nocturnal hypoxemia  nocturnal hypoventila-
tion The American Thoracic Society 1.
European Consortium on Chronic Respira- 1.1 Volume - regulated ventilator
tory Insuffciency nocturnal me- Volume - regulated ventilator
chanical ventilatory support PaCo, (delivered
50 inhaled tidal volume) 2
sleep hypoventilation (PCO, > 50 tidal volume dead
) Sp0,<92% space fow sensor
exhaled tidal volume
[6]
" trigger
home NIV [3,4,7] pressure - targeted ven-
L tilator [2]
1.2 Pressure - targeted ventilator
2. Pressure - targeted ventilator (1A
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1 uams pressure - targeted ventilator i continuous positive airway pressure (1 A) Uag bilevel

positive airway pressure (1 B)

1B)
tidal volume compliance
resistance
fow
rate [2]
pressure - targeted ventilator
volume - regulated ventilator
tidal volume,
trigger  cycle, pneumotachometer
(trigger)

pressure - targeted ventilator
volume - targeting pressure ventilation  average
volume assured pressure support
tidal volume

tidal volume

tidal volume [2,7]

NIV

pressure - targeted ventilator

home NIV
invasive
(tracheostomy tube)
[2.3]
NIV
fow rate

FDA
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Q13 CHEST Ml

2B

2 uane passover heated humidifier uvvdadauiuaiusenavegluniestiemels (2 A) wazuvy

imsavimnsauisaiudlUluseuy (2 B)

NIV
2.1 Passover humidifer

2.2 Passover heated humidifer

minute ventilation

8, 9]
[ 2A
(28

heated humidifer [10]
- 34 - 37
33

100
(alarm) 41
32

temperature probe
probe

automatic feedback

3. (Circuit tube)
(exhalation port, vented port)
corrugate tube

dead space
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3 uansvesszurgaumelieanvudenavewonnainia (3 A gnasd) uazuwmininigUieaiuld
(3 B gnAsd)

( 3A (
3 8)

[5, 7]
NIV (4

1-2

[2,7]
NIV
4, (Interface)

NIV
NIV
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4 uansnrsaaulaaunsaldmsu NIV ludnediaeeieidn

4.2 Oronasal mask [3-5]
4.1 Nasal mask [3-5] (
5 B)
(58 203

213

(claustrophobia)

(chin strap)
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5B

5 uama nasal mask (5 A), oronasal mask (5 B) tag nasal pillow (5 C)
4.3 Nasal pillow [7] 4.4 Total face mask

(50

oronasal mask
4.5 Mouthpiece [7]
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3
1. Spontaneous mode (S)
trigger IPAP
cycle inspira-
tory time
exhalation sensitivity
EPAP
NIV 2. Timed mode (T)
NIV mode IPAP  EPAP respiratory
rate inspiratory time
volume - regulated ventilator mode trigger
3. Spontaneous/Timed mode (S/T)
pressure - targeted ventilator IPAP EPAP  trigger  cycle
spontaneous mode
2 mode respiratory rate trigger
(continuous positive airway pressure, timed mode
CPAP) (bi - level trigger spontaneous mode
positive airway pressure, BPAP) NIV
CPAP  BPAP
CPAP
functional residual capacity (FRC)
pulse oximetry P-CO, transcutaneous
BPAP CO, (T.CO,) tension monitoring polysom-
nography
CPAP [3-5, 7] CPAP 4
BPAP physiologic PEEP
(inspiratory positive airway pressure; IPAP) 1-2 [7,11]
(expiratory BPAP IPAP
positive airway pressure; EPAP) - mode EPAP EPAP
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CPAP IPAP
IPAP  EPAP tidal volume
4-6
15 [7, 11]
(6
fow rate oxygen
blender FiO,

respiratory rate, inspiratory time, L'E,
trigger
mode
(BPAP mode T, S/)

respiratory rate
respiratory rate

inspiratory time
IE 115 12
mode (BPAP
mode S, $/7) trigger trigger
auto - cycling
trigger
mode
(BPAP mode ) respiratory rate
back up respiratory rate
apnea trigger

[

pressure - targeted ventilator

- Back up respiratory rate
respiratory rate
- Alarm

6 uannsaeaseendivuasudilvlussuy lngseithiiinn (gnasd)
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, (leak),
- Rising time
EPAP  IPAP
- Ramp pressure, Ramp time 5
6.

- Auto - adjusted PAP, Auto - titrated PAP

- Exhalation relief pressure

1-3

home NIV

1.

NIV

somnography

overnight poly-
pulse oximetry PCO,

T.CO, monitoring

3.

6

home NIV [7, 12]

1

2.

3.

nasal mask  oronasal mask
4,
b, nasalmask  oronasal mask
(mid-face hypoplasia)
6. positive pressure

(air leak syndrome)
1. home NIV



144 0kCAGDA - 08iDoCE0A: - BEEIEANIEI: ¢

5-10
(
)
(obstructive, central, mixed
home NIV apnea/hypopnea)
)
home NIV
1
/
home NIV
L
2-4
2. [13] home NIV
overnight

polysomnography ~ overnight pulse oximetry

PsCO,  T.CO, monitoring home NIV

3-12
home NIV
3.
(blood gases analysis), 16-20

serum electrolytes, hematocrit inva-
chronic hypoxemia, chronic hypoventilation sive (tracheostomy tube) [14]
chronic respiratory acidosis, compensated meta- home NIV
bolic alkalosis, polycythemia (palliative care)

4, software
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(Caregiver training for pediatric respiratory home care

and maintenance of related home care equipment)

NV NN AN/

0 el

(Basic life sup-
port)
gastrostomy
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(
[internal diame-
ter] )
3. 2
( )
4, 1 1
(Vikon™ 1[5 ]
1 7 )
5 10
6. Virkon™(
)
1.
L
(clean
technique)

(premeasure technique)

self - infating resuscitating bag




NaAN A

30

4,
Virkon™ (

5.

15

24

2. 1

3. Self - infating resuscitating bag
4. fexible tube swivel

)

(three - way)
6.

self - infating resuscitating bag
1.
8. 5
9. Virkon™ (

)

(

)
10.
11 (

12,
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L
2.
8. self - infating resuscitating bag
3.
4,
10-15
( ) J
3-4
5 10.
(
)
6.
self - infating resuscita-
tinghag( 1) L Virkon™
7 (
6-8 )

1 wamenislvemuslegazeaanraovasnne



NaAN A

Virkon™
) 30 3

2% (2

70%

70% 10.

11.
70%

[EEN
o

11 (
cuff ) 12,
12.Self - infating resuscitating bag
13, (

(13 11)
14, cuff

r_a
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4 uansdumounislavievasnneadluniuuuivasiavasnne lngludoseanusia
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3-4 (
15. 5 D)
1 ( 5
1 (tracheal stoma)
2
L
2.
(
L )
2. ( 6A68)
3 3
4, (1A
(78
1
2
3.
4,
4 tracheal stoma
5, (Basic life support)
( 5A
.
.

( 5A-50)
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5 uandumounindeuareniievasnme (5 A ligvievienatnvesenaennelivivaesdruiieny
liliideungauazdeuaiesiisevarne; 5 B, 5 C gonaeiivosgonarenuinagun o1algunay
vaglunisaeaiton; 5 D dnvuvesarelilduteunetssaia 3 - 4 sou wubuSeunsegn; 5 E uan

nsynaIesnieviaeaneined aiusageniivla 1 i)

6 wanimmhewazemdamiauiiaaseu tracheal stoma deliiuardyuiunaevesia (6 A, 6 B)



1 wamimsaenssevsadldtnyiavasnne (7 A) uagnisdanalamasuieifioy (7 B)

1

self -

infating resuscitating bag
2

self - infating resuscita-

ting bag
. 2

2 1.

self - infating resuscitating bag
1-15 20 |/
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8 uansnrsnansaseniieviegiwitugnludneresing 1 T (8 A) uazinnir 1 T (8 B)

8.
gastrostomy
9.
1
)
1-15 2.
8 A) 1 (9
3
1 4,
1-15 8B) 5. 70%
100 / 6 10
10. self - 1. 5
infating resuscitating bag 7-10
15 2 8. ( )
30 -
2 1
11
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|| zasamesauiiludagu -’
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9 uansautsenavvasarelionsnieiiag

2 10 (128
( 104 (120
(108
3, 7
2
(1)
4,
360

5, 8
70%
6 (1)

2 ( 12A)
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10 uane3snisaravaeviaguarsmiely (10 A linssvendngmaradnuuin 10 #9 laaudaluluzes
nsavgourhlulagu iensivaeudagualasy, 10 B uaninIsgnauendINUaguauvun

11 uanarelviomisvasoiniaenutudnalendUuas
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12 uamaismslamelsiommsaulnidillugdadudonisias (12 A thaeliamms@ulmiimelils
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13 uanenislornsoswissadldutudnaienievaianlaaieasousa

5 7-10

silver nitrate
antibiotic oint-



NaAN A

ment 1-2
, self - infating
resuscitating bag, , humidifer, oxygen
concentrator, , ,
4 ,
30-45
5.
. 360
1

L. (Tracheostomy tube)
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PVC
(inner tube) 2
2-3
(Bivona™)
PVC
(inner tube)  Portex™
Shiley™ disposable

tracheostomy tube

(sterilization)

(inner tube)

inner tube

inner tube
1% hydrogen
peroxide (cleaning brush)

20

Portex™

(cleaning brush)

(

water) inner tube
(
Virkon™ 30

inner tube

inner tube

cleaning brush

inner tube

(inner tube)

inner tube

inner tube

sterile

inner tube
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Bivona™
1. obtura-
tor
(
)
2.
obturator
3.
obturator
4, obturator
obturator
2. (Nasopharyngeal air-
way)
(nasopharynx)

micrognathia, retrognathia
Pierre Robin Sequence

3. Nasal mask, full face mask  chin

strap non -
invasive
nasal mask facemask
1-2
mask
2 (Home

mechanical ventilator equipment)
invasive home
mechanical ventilator

L. (Home mecha-
nical ventilator)

2. Breathing circuit ,
: (water trap)
(heated wire)
(servo controlled
heated humidifer)
3 (Humidifer)
, (jar chamber),
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2

automatic temperature heated hu-

midifer (  14)  manual temperature hu-
midifer ( 15)

16)

(thermal injury) breathing circuit
4, (Bacteria flter)

14 uams automatic temperature heated humidifier



Vi

16 uamevseningamgiinsesinamuiu (gnast)
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breathing circuit, , exhalation
valve, ( 17, 18),
(19
(18 (
20)

70%
sensor
sensor

[Sa)

breathing circuit,

Virkon™ Virkon™ 1
G ) 1 [

30

(

70%
6 30
7.
(21
8. exhalation valve
18 B)
5
(
Virkon™
] 30
)

AN T 1011

17 Uanaya breathing circuit, TorRon N, TUFIUYE exhalation valve (3WNaU A), FUFIUYIIIEANI

(29 B)



18 uams exhalation valve (01 18 A) uagauusznay (0w 18 B) Feusenaudiernnseus 1uuen
(9nAs 1) uazusuaIn Ul (9nAs 2)

19 uansnrsuentuaundalaunnseernnIuy
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20 uansaemvaugamni

21 uansmsiniivdudiugunsaimevainisainiaiuare muaz i ikiadnug

(ultrafne flter)

( self
22) - infating resuscitatingbag  resuscitating mask
10.
( 23) L (24



NaAN A

23 uanesansovuuazuuniiseveunsetienigleileivu

Virkon™ (
) 30
70%
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24 UaAANTUAIUAINY o4 self - inflating resuscitating bag #ae resuscitating mask

L (calibration)

2. 3 (Porta-
ble suction machine equipment)



NaAN A

25 uansgunsalmstiaenniowmaauny Ussnousie daunsewmaiauny (gnas A), aigde (gnas B)
nIzveniUaUNY (§nAs C) haghInTaskuniiise (9nes D)

(bacteria flter)

4 (Home oxy-
gen equipment) “
(oxygen concentrator)
(connecting tube)

1 fow
meter
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(Aerosol generator
(oxygen con-  machine)

centrator)
air pump
1 (26
(Pulse oximeter)
1

R —

s

N\

26 uansgunsalmsligmurlogaseeeiiv Ussnausie saunsomiverlosasead (gnas A), a1eae (gnes
B), mouthpiece uaztase (gnas C), mhninwue (gnas D), uazyansziglaenu (39 £)



21 uansaunsalmsliuuuszemsiaawis syringe pump

(syringe pump)
( 21) (feeding pump)

jejunum

28 uansgunsalmsliuuuasemsiiaviegeiildiy feeding pump (gnAsd)
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29 uamsgunsainsliuunioemsiasviainivpusasinisivalulduiveu (gnasiawildusudns
mslvavesuumion M anad)

(29 sensor

feeding pump

(pulse oximeter)
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10. Browne NT, Flanigan LM. McComiskey CA, Pieper P. Nursing care of the general pediatric surgical patient.
34 ed, Sudbury: Jones & Bartlett Learning; 2012

11, Abdelhadi RA, Rahe K, Lyman B. Pediatric enteral access device management. Nutr Clin Pract. 2016; 31:
748-61.
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(Set-up for pediatric respiratory home care program)

') el

.. 2536
5 congenital
central hypoventilation syndrome

[1-3]
2559

4]
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.. 2560

(Pediatric respiratory home care center”

13
1
.. 2559 .. 2561 .. 2545
AA8%A0°0A
/
1 “ " .. 2559 -
2561
..2559 . . 2560 .. 2561
21 36 42
(tracheostomy) 74 96 108
24 26 28
non - invasive 47 59 73
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family coun-
[1,2] seling
: ( ) (
/
2 )
respi-
ratory home care
1. Family counseling - ()
( )
family counseling checklist 2.
( checklist
family counseling
12 )
1
[l
/ 3)
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( check-
() list
56 7 )
(
)
: ( )
3.
,self - infating resuscitatingbag ~ mask
, , - (maintenance)
check-
list
( checklist - ()
4)
5 24
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24

1 FANARPIERACE

( checklist

0 1 )

checklist

care map
family - centered base



182 0ACAEDA - 0§ipooE0A; - EIFFEIEARKRHRY ¢

[6,7] care map
(case
manager)

“Care map

42C- 08 0AYRP0ADO0 { 0AAEDA ™R} OA

FA@
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1

2,

3.

American Thoracic Society. Statement on home care for patients with respiratory disorders. Am J Respir
Crit Care Med. 2005; 171:1443-1464,

American Thoracic Society Documents; Statement on the care of the child with chronic lung disease of
infancy and childhood. Am J Respir Crit Care Med. 2003; 168:356-396.

Toder DS, McBride JT. Home care for children dependent on respiratory technology. Pediatr Rev. 2007;
18:273-281.

Simonds AK. Ethical aspects of home long term ventilation in children with neuromuscular disease. Pediatr
Respir Rev. 2005; 6:209-214.

Balfour - Lynn IM, Field DJ, Gringras P, Hicks B, Jardine E, Jones RC, et al. BTS guideline for home oxygen in
children. Thorax. 2009; 64 (Suppl Il):i1-ii26.

Hartnick C, Dierkcks G, De Guzman V, Hartnick E, Van Cleave J, Callans K. A quality study of family - centered
care coordination to improve care for children undergoing tracheostomy and the quality of life for their
caregivers. Int J Pediatr Otorhinolaryngol. 2017; 99:107-110.

Baker CD, Martin S, Thrasher J, Moore HM, Baker J, Abman SH, et al. A standardized discharge process
decreases length of stay for ventilator - dependent children. Pediatrics. 2016; 137. pire20150637.
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family counseling

N



AN NN

counseling

Jdono oodn goooodn
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family counseling

N



AN NN

2( )

counseling

OJooooooodn
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24




AN NN

3( )

I

(optional)

HEN
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[]
2-3
[]
1

[]
[] Oxygen concentrator
[] 1

2-3
[] 1
[]
[]
L 4-5
2.
3.
4,
5 2

)

6. 1
1. 2-5 2
8. 18 2-3
9. 1
10. 2-3
11, 2-3
12. 70%

13. 2

2 -

3



AN NN

14, 2-3
15.
16.
17.
1669

40)
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10

Virkon™ 1

(5




AN NN

5( )

Vikon'™1 (5 ) 1

Virkon™
30 (

24
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Virkon™1 (5 ) 1




AN NN

6( )

(
3-4
)
6-8
10- 15
Vickon™ 1 (5
)
Virkon™ 30
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24




AN NN
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O o
OO0 oon

O o good O



AN NN
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w

8( )
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HENpEEN
O0ood ooodn

O o ot
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[]
[] 1-2
[ ] nasal cannula  trach mask

[]

[] nasal cannula

0Xygen concentrator

oo ogn

9( )

1 oxygen concentrator

nasal cannula
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10

HN. oo
DISCNAIIE e ———————————
S
2. ovetsetssets st
S
000000000 OSSOSO
Setting L MOGE. ..o TV s
INSPIrALONY tiME..ovvevvvsvvvrrvsrrenn LE revvssssssssisenn RALe....oocvvrvrsrvnssssssssenn
O PIP...ovovesvssessssssssssssssnns PEEP.....ccovvvsvmsssrsssrnn
Alarm setting:
Pressure alarm: High ... LOW.covvvrvnrvssrsnnns
Minute volume alarm: High ... 0]V
Apnea alarm................ seconds
[ ] Silver tube  NO..oovvmmssssssisinn [ Jeuff [ no cuff
(] Portex tube without inner cannula No.........eeevsnnsn CTeuff [ no cuff
[_] Portex tube with inner cannula NO...........vovvrvrsrvsnn [Jeuff [_]no cuff
[ Shiley tube without inner cannula NO ... [ Jcuff []no cuff
[_] Shiley tube with inner cannula No..........c..ceoivnvene [ cuff [_] no cuff
(] Bivona tube NO...oovvvvcmssssssinn [ Jcuff [ no cuff

I N voeeveeesessssssssssessessens [Jeuff [ no cuff
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10( )

[]
] NG tube No.....
[ ] GastroStomy tUDE e s v

LSt traCh CRANGE......cccmcvvsvmssmsssmsssmssnsiinns s
LSt BIONCNOSCOPY...ovvvvrvvsrvnsvrsirsssssmmsssnses o
Last overnight SpO, and ETCO, monitoring — .vcvvvssvssnnn
L o] 0 O
L 50 R
Last EKG or Echocardiogram oo

[ CJRVH [ Pulmonary HT

3. PEUILIC SUIGEIY..ovcrvvsrvvrsssvsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses
A NEUIOSUTGRIY...ovvvvvrsvvrssessssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssees
IO 111 Y
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10( )
[]
[]
130
[]
L
11 L]
[]
12
I T
T
(] Tracheostomy site
LU0 O
LU 0! | Y
] cuff [] no cuff
[] Trachtie [] []
(] Trach stoma [] L] ——
[ ] NGtube [ ] Gastrostomy tube [_] Jejunostomy tube

[] [
[] tube [] Y
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2.2

2.3

24

10( )
e ———————————
[]
I
[]
L ———————
[l [] [l
[]
[ ——
[ ] Filter [ []
[ ] Nebulizersetup e sets
[] []
[] []
[ ] Setting:
................................ MOE.....ccorensrrnnssirnendFI Qg
RALe....ovcvvrvrsrrsrsnsrnn TVorsrsssssssssnsn INSPIrALOrY tiME..ovvvvvvsvvssrvrrves
LB PIP...oovvvscnvrnsssmisnssssrnsnns PEEP.......ovvvivrnssninns
[] [] [] []
(] e ————
[]



206 0ACAEDA - 08ApoOL0A: " - BFFEEANLERA ™ ¢

[ Humidifer [

25 e

10( )
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10( )

3.

[]

[]

[]

[]

[]

[]

L]

[]

[]

[]

4,

4.1 Basic life support

L] L]

4.2
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4.3

[] []
4.4

[] []
45

[] []
4.6 chest physiotherapy

[] []
4.7

[] []
4.8

[] []
4.9

[] []

[] []

10( )



AN NN

10( )
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Care map

(Care map for preparing a child and family for respiratory home care)

NV NN AA 7

Pediatric Respiratory Care Management
Team .. 2557
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care map

care map

1-3

113

(Pediatric respiratory home care
center)” .. 2559

(

care map
care map
12

checklist



Care map

NAaA N A




216 0AOAEDA - 08ApoOL0A:” - BFFEEANLERA ™ ¢

1 checklist

1. Equipment class

2. Tracheostomy class
o Tracheostomy class 1

( tracheal stoma,

)

o Tracheostomy class 2

( , ,
, )

o Tracheostomy class 3

)

o Tracheostomy class 4

( )

3. HMV class
0 HMV class 1

0 HMV class 2




NAaA N A

Care map »IPAEAGAC 217
1 checklist
()
0 HMV class 3

4. Physiotherapy class

5. Gastrostomy - tube class

6.
0
7 24
0 1 24
0 2 24
8.

1
0 2
10.
0
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2 care map

Phase
Phase 0 Pre discharge management
PICU/Ward -

PICU
( 1,2
H)
PICU

Phase 1
Transfer to Ward
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2 care map
()
Phase /
J 2
Respiratory home
care program
( 34
")
Phase 2
(4
) / :
Pedia- |-
tric respiratory home care center
13
checklist
( 3
")
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2 care map
()

Phase
Phase 3
(4

) 2
Phase 4 - 2

24
(2 24
3-7
)
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2 care map
()
Phase /
Phase 5
(1 checklist ( 1,
) 9
11)
Phase 6
2-4
(2-4
) 24
10,11~

24

")
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i OACAGDA - 03ADOOE0AY "EIEAN
VR ¢- BIPED - 08ADOO»APED - 44D j AL &

(Respiratory care for children with neuromuscular diseases)

') el

(invasive home me-
chanical ventilation)
L 2]

.. 2562 83

progressive neuromuscular
disease

50
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glBootti alpiooo T e
VI ¢+ BRIPEO - 03ADOC»ADED - 4AD
AL

3 [3,4]
L
paradoxical
breathing
scoliosis pectus excavatum
low
tidal volume
[>-7]
2.
60  total lung capacity (TLC)
bulbar weakness (tra-
cheostomy) glottic closure
-7l
(increased work of
breathing)
3.

spinal muscular atro-
phy (SMA) type |

Duchenne muscular dystrophy (DMD)
(mid -
adolescence) [5]

REM sleep

sleep - related hypo-

hypoventilation frequent
sleep fragmentation

Xemia
arousal

persis-
tent nocturnal hypoventilation, sleep fragmenta-
tion  sleep deprivation

(blunted central chemoreceptor
arousal , REM sleep

hypoventilation

desaturation non -

response),
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REM sleep
Sis renal compensation

nocturnal hypoventilation

chronic respiratory failure [5, 6,
8-10]
hypercapnic respiratory failure
(nocturnal mechanical ventila-
tion) [5]

myelomeningocele, Chiari malforma-
tion periodic breathing, hypoxemia

[10]
myotonic dystrophy

reticular activating system
gliosis
bulbar poliomyelitis [10]

brainstem

obstructive sleep apnea (0SA)

metabolic alkalo-

pharyngeal dilator muscles
upper
airway obstruction
nocturnal hypoventila-
tion [9]

]

i 0A»ADAAD 03ADOCE0AT 4L/ ¢- 8D
»DEQ- 08pC0x»ADE] - 44D ; A1 &

(respiratory muscle strength),
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, Sleep -
disordered breathing [4, 6]
progressive skeletal
muscle weakness
myotonic dystrophy
[10]
polysomnography
overnight oximetry CO, monitoring
[10]
The American Thoracic Society
DMD
[11]

neuromuscular diseases

chronic respiratory failure

scoliosis, pectus excavatum
restrictive chest wall defect
restrictive defect

[6] chronic hypoxemia
chronic hypoventilation clubbing
fngers S2
N15ATI9AUTINNINUaN
spirometry  lung volumes
6
spirometry forced vital
capacity (FVC) obstructive lung disease
FVC
respira-
tory failure [12] maximal

inspiratory pressure (MIP) ~ maximal expira-
tory pressure (MEP)
[12] FVC
(
50  baseline) [13] scoliosis

[14]
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FVC 45 % predicted

[14]

FVC 80% pre-
dicted FVC

FVC 20
- 25
[10, 15]
FVC 60 - 70% predicted
FEV, 65% predicted

sleep - disordered breathing

[4, 10]

FVC 40% predicted
nocturnal hypoventilation

20% predicted daytime hypercapnia
8]
inspiratory vital capacity
(IVC) spirometry
MIP

sleep - disordered breathing

FVC
[10] IVC
60% predicted sleep -
disordered breathing hypercapnia
IVC 40% predicted

hypercapnic respiratory failure
[10]
lung volumes
TLC
functional residual capacity (FRC)

[14] expiratory
residual volume (RV)
RV/TLC

muscle

MEP [14]
n15UsUdUAIILTISIYaena 1o o1y

nswela MIP
MEP
FVC MEP
[12]
MIP 1
80 - 120 [14] MIP
80 MEP 90

[13]
MEP 45

MIP 60
7]

MEP
[14]

msUssdudszansnmlunisle
MIP, MEP, peak cough fow  FVC
peak cough fow
TLC
(forcibly expire) facemask
piece pneumotachometer
meter fow
fow peak fow meter
pneumotachometer

mouth-
peak fow
peak cough
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[16] peak cough fow

recurrent respiratory infection

respiratory
failure
[7, 16,
17] peak cough fow 210
/
[18]
peak cough fow 210/
[7] cut - off
value
peak cough fow [10]

AI5USHUTUAIIUAAUNFYDINTSHANUAEUN Y

luvaszvay sleep - disordered breathing

wheelchair dependent
sleep -
related respiratory disorder [10]
0Xygen saturation
pulse oximeter (Sp0,) PaCo,
arterial blood gases
nocturnal hypoxemia
nocturnal hypoventilation
Sp0, 95%
PaCO, 45
noc-

turnal hypoxemia ~ nocturnal hypoventilation

[5, 10]
noctur-
nal desaturation/hypoventilation sleep -
disordered breathing 2 [4, 10, 15]

overnight polysomnography
(PSG)  gold standard

sleep - disordered
breathing

overnight pulse oximetry
end - tidal CO, (P5CO,) transcutaneous
CO, (T,CO,) monitoring
PSG
sleep - disordered

breathing central apnea, central hypo-
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ventilation 0SA [11]

PSG
- FVC 60% predicted
e Ak [ MIP/MEP 60
¢EES2E1 5 0A»ADAAD 08APCOE0AY 42 3.4
. A L chest x-ray, MIP/MEP 6
»ADEQ- 4AD{ A1 & 612
elective
[9, 20]
FVC < 80% predicted (counseling)
2
3-6 [19]
multidisci-
plinary approach
FVC MIP/MEP [14]

- FVC 60% predicted
/ MIP/MEP 60
6 chest
x-ray, MIP/MEP
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- Assist expiratory muscles

3
severe spastic cerebral palsy 1. Airway clearance therapy
vegetative stage SMA type |
1-2
[4, 12, 15, 18]
palliative care - Physiotherapy - assisted coughing
[6, 21-23] chest/abdominal thrust

- Assisted insuffation self - in-
|0AaEqE\°A.A 0§AD°°EOAa EOEARl  fating resuscitating bag chest/
1/4@%& - BIPE(- 034D°O»ADEC- 4AD  abdominal thrust, intermittent positive

p&@ﬁlﬁ pressure breathing (IPPB) device

- Mechanical in - exsuffation
mechanical insuffator/exsuffator (Cough - assist™)
- Non - invasive positive pressure ventila-

tion
- Mucus mobilization device high
nocturnal mechanical ventilatory support frequency chest wall compression
mechanical insuffator/
[11, 24] exsuffator [10, 26-29]

[23]
- Maintain pulmonary compliance, lung
growth  chest - wall mobility
- Maintain normal alveolar ventilation 4-5
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high airfow
positive pressure
vital capacity

fow negative
negative pressure
expiratory fow
[13,30]
[31]

2. Respiratory muscle training

repetitive respira-
tory efforts against closed glottis, voluntary
hyperpnea, voluntary hyperventilation

respiratory muscle training
inspira-
tory threshold load 70 - 80
maximal inspiratory mouth pressure pres-
sure  fow generating capacity

[13]

alveolar hypoven-
tilation [13]

ventilatory drive
hypoventilation
[30]

[13]
Usglonfaanislainsosraenelalugiae

[10, 12, 13, 15]

innguil

restoration ~ chemoreceptor sen-
sitivity

Respiratory muscle endurance

Lung compliance

Exercise tolerance

pulmonary hyper-
tension

elective

(nocturnal me-



j 0ACAGDA - 08iDOCE0AT EFEARLERA: ¢- EEDED- 034po0»ADED- ahpj A& R 0 EAGIIGHAS 231

chanical ventilatory support)
24 (diurnal mechanical
ventilatory support)
?TQU'W%QMWZ‘Z? nocturnal mechanical

ventilatory support
[5, 10, 12, 13, 15]

physiologic criteria
» PaCo, 45

» sleep - related hypoventilation
(PCO, 50 ) desatura-
tion (SpO, 92%)
* Progressive neuromuscular diseases
MIP 60 FVC
50% predicted
- PSG
* Apnea - hypopnea index 10

+ Sp0, 92% 4
(total sleep time)
» Sp0, 92%
4
(< 4% of total sleep time)
- Non - symptomatic nocturnal hypercap-
nea/hypopnea
- Failure to thrive

PSG setting
(normal SpO,  PCO, [
TcCO,))
nocturnal hypoxemia/hypoven-
tilation
5{7&71/\7777:118\#775273’ diurnal mechanical venti-

latory support

diurnal mechanical venti-
|ator
[11]
diurnal hypercapnia
nocturnal ventilatory support

nNI5taenTInYeunsaIgmela

non - invasive home mechanical ventilation

interface invasive home
mechanical ventilation
2
“ non-invasive "

non - invasive ventilation
(NIV) NIV
1 [32-34]



232 0AOAEDA - 08ApoOL0A:” - BFFEEANLERA ¢

NIV nasal mask
8 multiple
craniofacial anomalies ~ central hypoventila-
tion

NIV

invasive [10]

NIV invasive
[10, 12, 13, 15]
(severe hypoxe-

mia)
(Upper airway
obstruction)
- moderate - to - severe bulbar involve-
ment aspira-

tion pneumonia

non - invasive positive
pressure ventilation

nasal mask  full face mask
non - invasive
extremely ventilator dependent
16-20 /

non - invasive
invasive
[10]
NIV
1[35]
map
, pneumococcal vaccine

A

" “Care
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1 non - invasive [10]
interface interface
interface face mask  nasal prong
interface interface
interface
Midface hypoplasia
maxillomandibular growth
Gastric insuffation
gastrostomy tube ( gastro-
stomy)
Nasal congestion, epistaxis
intranasal steroid
interface  nasal mask  oronasal
mask
Eye irritation interface
artifcial tear
Rebreathing carbon dioxide interface
interface  oronasal  total face mask

Pulmonary air leak

Cardiovascular complications

single ventricle
hypovolemic stage
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9%
20-22, 29

87

20-22, 29

105,106,107
107

198, 200
188
202

107
106

122,129
190

103, 149

131,132
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9%
98, 99, 105 20-22,29
139, 163 201
29
191 138
106 20,22, 136

20

190



A

accidental decannulation 107

active exercise 61

active humidifer 97,98, 122

active positive airway pressure circuit 120
adjustable fange 91, 92, %4

aerosol mask 34

aerosol therapy 32

aiway clearance therapy 229

alveolar dead space 9

anatomic shunt 10

anatomical dead space 9
anterior-posterior stretch chest wall 59
arteriovenous shunt 9, 10

auto - cycling 142

average volume assured pressure support 121, 136

B

basic life support 153

bi - level positive airway pressure 141
bilevel positive airway pressure 136, 141
bleeding per tracheostomy 107
blower system 120

blowing games 70, 71

breath - actuated nebulizer 34, 36
breath - actuated pMDI 37

breath - enhanced nebulizer 34, 35
bubble humidifer 20, 24

bubble PEP 70, 71

C

capped overnight sleep study 108
capping trial 109
care map 213

Index
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chest physiotherapy 47

chest trunk mobilization 58, 63

chin strap 139, 163

chronic respiratory failure 7, 13, 112-114, 224, 225
collateral airway channel 66,70,71

continuous positive airway pressure 136,141

costal breathing exercise / localized chest expansion 57
cuff pressure 89, 94, 108

cuffed tracheostomy tube 88-90, 94, 98

customized tracheostomy tube 91, 93, %4

D

daytime capping trial 108

daytime hypercapnia 226

dead space 9,10

decannulation 92, 108, 109

demand - oxygen delivery 27
diaphragmatic breathing 57, 73

diffusion limitation 9

digital auto - track sensitivity 120, 121
diurnal mechanical ventilatory support 231
dry powder inhaler 33, 39-41

dual

- cannula tracheostomy tube 91

dual limbed, closed system 119
dual micro - pistons system 120

E

exhalation port 137

exhalation sensitivity 141

exhalation valve 120, 121

expiratory positive airway pressure 141
expiratory resistor 71,72, 74
expiratory valve 119

exsuffation pressure 79, 80, 82
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exsuffation time 80, 82
exsuffation volume 80
extrapulmonary shunt 10

F
fenestrated tracheostomy tube 93, 95, 101
fxed performance oxygen delivery 19
fow - oriented incentive spirometer 68
fow generator 119-121
fow meter 21-23
fow trigger 120, 121
foam cuff 89, 91

G

granulation tissue 96

H

heat and moisture exchanger 98

heat and moisture exchanger flter 98

heated humidifer 122, 123, 137

heated wire 122, 124

high frequency chest wall compression 67, 75, 76, 229
high pressure alarm 131

high pressure gas requlator 22, 23

high volume - low pressure cuff 89, 90

home oxygen therapy 28

home mechanical ventilation 8, 12, 112, 114
home mechanical ventilator 114, 115

home oxygen therapy 18-20, 27, 29, 30

Huff cough 56

hybrid ventilator 121

hygroscopic heat and moisture exchanger 98
hygroscopic heat and moisture exchanger flter 98
hypercapnic respiratory failure 224, 226

in - exsuffation pressure 79
incentive spirometer 67, 69, 70

Inspiratory positive airway pressure 141
inspiratory vital capacity 226
insuffation cycle 79

insuffation fow rate 80

insuffation pressure 79-82

insuffation time 82

insuffation volume 80

intercostal massage 60, 61, 63
interface 24, 42

intermittent - fow regulator 27
intrapulmonary shunt 10

invasive home mechanical ventilation 113, 118

J
jet nebulizer 33, 35, 97

L

large volume jet nebulizer 20, 24
lateral stretch chest wall 59
leakage valve 120, 121

liquid oxygen 21

low pressure alarm 131

low pressure gas regulator 22
lower costal breathing exercise 57
lung expansion therapy 66, 81

M

manual chest stretching 59, 60, 63
mass median aerodynamic diameter 32
maximal expiratory pressure 225
maximal inspiratory pressure 225
maximum expiratory fow rate 80
mechanical insuffation - exsuffation 78, 79, 81
mechanical insuffator/exsuffator 229
metal tube 87, 88

mid-face hypoplasia 143, 233

middle costal breathing exercise 57
minute volume low 131
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minute volume high 132
modifed postural drainage 48

N
nasal cannula 24, 25, 29
nasal mask 139, 143
nasal pillow 140
nebulizer 41-44, 74
nighttime capping trial 108
nocturnal mechanical ventilatory support 135, 231
non - invasive positive pressure ventilator 114, 118
non - invasive mechanical ventilation 134

0
oronasal mask 139, 143
oscillatory PEP 70, 72, 83
0xygen concentrator 21, 104
OXygen conserving device 27
oxygen tank 20
oxygen toxicity 28

P

passive exercise 61

passive humidifer 98, 122

passive positive airway pressure circuit 120
passover humidifer 20, 22, 97, 123, 137

peak cough fow 80, 226, 227

PEP device 70-74

percussion 48

physiologic PEEP 141

physiologic shunt 9, 10

physiological dead space 9

PMDI - spacer 38, 41-43

positioning 48

postural drainage 48

pressure - targeted ventilator 135, 136, 141, 142
pressure trigger 120, 121

pressurized metered - dose inhaler 33, 36, 37

pressurized metered - dose inhaler with spacer 40
pulmonary shunt 10
pulse - dose oxygen delivery 27

R

ramp pressure 143

ramp time 143

respiratory drive 12
respiratory muscle training 230
retinopathy of prematurity 28
rising time 143

S
shallow suction technique 96
shunt effect 9
silver tracheostomy tube 98
single limbed, open system 119
small - exit orifce 72
small volume jet nebulizer 33-35
spacer 38-40
speaking valve 99, 100
sprint weaning 14
sustained maximal inspiration 67

T
temperature probe 137

tight - to - shaft (TTS) cuff 89, 90

total face mask 140

tracheal stoma 109

tracheitis 106

tracheo - cutaneous fstula 107

tracheo - esophageal fstula 94, 107, 108
tracheo - innominate artery fstula 107, 108
tracheo - innominate artery fstula 94
tracheostomy mask 25, 26, 42, 97
tracheostomy ties 98

tracheostomy tube obstruction 107

trigger system 120



242 0ROAEDA - 08ApoOL0A:” - BFFEIEANLERA ™ ¢

troubleshooting 129 \
turbine system 120 valved holding chamber 38
variable performance oxygen delivery system 19
_ U . vibrating mesh nebulizer 33
ultrasonic nebulizer 33 vibration 48
uncuffed tracheostomy tube 88 volume - oriented incentive spirometer 67
upper costal breathing exercise 57 volume - regulated ventilator 135, 141

volume guarantee pressure support 121






