DIYAFRAGMA
ULTRASONOGRAFIS]

Dr Aslihan Yalgin

SBU Haseki Egitim ve Arastirma Hastanesi

Gogus Hastaliklari ve Yogun Bakim



SUNUM PLANI

e Diyafram anatomisi

* Diyafram fonksiyonunu etkileyen durumlar

* Diyafram degerlendirme yontemleri

* Diyafram USG teknigi

* Diyaframin USG ile degerlendirilebilen parametreler
* Diyafram USG ne zaman ve nasil kullanilmalidir?



DIiYAFRAM ANATOMISI

. . v' Periferik-Muskuler - Hareketli
v Santral —Centrum tendineum - Hareketsiz

v" Muskuler kismin kotlarda sonlandi§i bdlge - Zone of apposition

ZOA




 Diyafram disfonksiyonu(DD) yogun bakim hastalarinda sik gorulur

« Uzamis ventilator gereksinimi ile iligkilidir

« Uzamis yogun bakim yatis suresi ile iligkilidir

« Mekanik ventilator desteginin gereginden fazla olmasi DD sebebidir
« Mekanik ventilator desteginin gereginden az olmasi DD sebebidir

* Fonksiyonlarinin non-invazif, seri tekrarlar halinde takibi onemlidir



Mekanik Ventilatordeki Hastalarda Diyafram Disfonksiyonu
v" Siklikla bilateraldir

v' Kritik hastalik néromiyopatisi

v Non-miyopatik hastaliklar -KOAH

v Noéromuskuler hastaliklar

v" Ventilator iliskili diyafram disfonksiyonu( VIDD)

-Sepsis




DIYAFRAM YAPI VE FONKSIYONUNU DEGERLENDIRME YONTEMLERI

Floroskopi

v Diyaframin seklini ve mediyastinal sifti degerlendirmeyi saglar

v’ Paralizi ya da paradoks hareketi gérmek icin hasta solurken es zamanlh gortnti almak gerekir
v Hastayi tasimak gerekecektir, radyasyon maruziyeti vardir ve hasta uyumu gerektirir

v Fonksiyonel dederlendirme diyaframin kubbe lzerinden yapilabilir ki burasi en az hareketli kisimdir




Bilgisayarli Tomografi

v’ Diyafram yapisini degerlendirebilir v' Fonksiyonel dederlendirme yapamaz




Magnetik Rezonans Goruntuleme

v’ Hareketin kantitatif degerlendirmesini, senkronu and ve hizini degerlendirir
v' Pahalidir

v" Her klinikte bulunmaz

“lInspiration




v Transdiyafragmatik basin¢ élcimu v Diyafram EMG v" Frenik sinir stimilasyonu

Esophageal
‘ Balloon

Gastric
Balloon




DIYAFRAM ULTRASONOGRAFISI




DIYAFRAM ULTRASONOGRAFI TEKNIGi

B-Mod
v’ Diyafram yapisi ve kalinhgi degerlendirilir

v’ Plevra-asit sivisi

M-mod

v Ekskursiyon(yer degistirme, cm)

v’ Diyafram kontraksiyon hizi(slope, cm/s)
v Inspirasyon stiresi (Tinsp, s)

v" Siklus uzunlugu(Ttot, s)




DIYAFRAM HAREKETI

Sag hemidiyafram




Sol hemidiyafram

» Dalak akustik penceresini kullanir
« Sol taraf daha hareketlidir

 Her iki taraf arasinda variabilite %50’den azdir



DIYAFRAM KALINLIK OLCUMU
v' Sag hemidiyaframdan 6lgim oOnerilir

v Yuksek frekansli lineer bir prob ile B mod gorunta dasuaraltr

v' 7-9. interkostal araligin orta veya 6n aksiller cizgi ile kesistigi noktada- apozisyon bolgesinde







Dispheragm thicknass (memi

Folax Pirmiax

v" FRK’de iken tdi 1.8 - 3 mm
v' RV’den TLC’e gecis ile tdi %54 artar
v Pimax ile diyafram kalinlig1 2.6 kat artar

Thickness (mm)
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= CHEST

Volume 133, I1ssue 2, February 2009, Pages 391-400

Original Research

Ultrasonography

Diaphragmatic Motion Studied by M-Mode
Ultrasonography: Methods, Reproducibility,
and Normal Values

Alain Boussuges MD, PhD & & Yoann Gole MSc, Philippe Blanc MD
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Normal Soluk Derin Nefes Sniff Manevrasi

Kadin 1.6+0.3 cm 5.7£1.0 cm 2.6+0.5cm
Erkek 1.8+0.3 cm 7.0+£0.6 cm 2.9+0.6 cm







DiYAFRAM ULTRASONUN GECERLILIGI VE GUVENIRLIGI

:--g ( : H E S I ‘ CHEST
Volume 135, Issue 2, February 2009, Pages 391-400

Original Research

Ulirasonography

Diaphragmatic Motion Studied by M-Mode
Ultrasonography: Methods, Reproducibility,
and Normal Values

Alain Boussuges MD, PhD A &, Yoann Gole MSc, Philippe Blanc MD

v" Diyafram hareketi degerlendirmesinde ayni ve farkli uygulayicilar arasinda korelasyon %88-99



Intensive Care Med (2015) 41:642- 649

DOT 10.1007/00034-015-3687-3

Ewan C. Goligher
Franco Laghi
Michael E. Detsky
Paulina Farias
Alistair Murray
Deborah Brace
Laurent J. Brochard
Steffen Sebastien-Bolz
Gordon D. Rubenfeld
Brian P. Kavanagh
Niall D. Ferguson

ORIGINAL

Measuring diaphragm thickness
with ultrasound in mechanically ventilated
patients: feasibility, reproducibility and validity

Fig. 2 Diaphragm thickening
fraction is correlaied with
diaphragm elecirical activity
and transdiaphragmatic pressurc
during inspiratory mancuvers.
FAy; diaphragm electrical
activity, Py; transdiaphragmatic
PrEssure
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Intensive Care Med (2012) 38:796-803
DOT 10.1007/500134-012-2547-7

ORIGINAL

Emmanuel Vivier
Armand Mekontso Dessap
Saoussen Dimassi
Frederic Vargas

Aissam Lyazidi

Arnaud W. Thille
Laurent Brochard

Diaphragm ultrasonography to estimate
the work of breathing during non-invasive
ventilation

Table 3 Thickening fraction reproducibility

Intra-class Coefficient of
correlation repeatability,
coefficient %

Intra-analyser reproducibility 0.987 [0.945-0.99
[nter-analyser reproducibility  0.985 [0.939-0.99¢]
Intra-observer reproducibility  0.985 [0.943-0.99
[nter-observer reproducibility 0978 [0.916-0.995]

7.3
7.9
15.2
8




Giivenilir Olgiim Yapabilmek Igin

v Kalinlk élgimu icin bakilan yer isaretlenmelidir

v M-mod’a gecmeden 6nce diyaframin en iyi goéruldigi B-mod gorinttyu bulmak gerekir

v' M-mod olgimlerinde kirsér mutlaka diyaframa perpendikiler uzanacak sekilde prob tutulmalidir
(Prob rotasyonu yapilamiyorsa M-mod Uzerinden kursor dik agiya getirilir)

v Diyafram kalinligini 6lgmek icin yiksek frekanslh (>10 MHz) lineer problar tercih edilmelidir



DIYAFRAM ULTRASONUNDA GUCLUKLER

Olgularin %2-10’unda akustik pencere zayiftir, goruntu kalitesi olumsuz etkilenir.

Asiste modlarda hareket olgcumlerinde tetik+destek basincinin olusturdugu hareketin toplami goruldr.
Ne kadari aktif kontraksiyondan?

Ne kadari pasif kontraksiyondan?

Diyafram gucunu degerlendirmek igcin 5-10 dk boyunca hasta spontan solutulmali ve kayit alinmalidir.

Jiang JR, Chest,2004126:179-185



DIYAFRAM ULTRASONUNUN KLINIK KULLANIM ALANLARI

Diyafram Paralizisi

v Diyafram kalinli§i paralitik tarafta azalmistir
v' Inspirasyonda kalinlk artisi olmaz

v M-Mod’da normal solumada hareket yoktur

v Derin solumada hareket yoktur
v Sniff manevrasi ile hareket gbzlenmez

v' Paradoks hareket vardir




Diyafram Zayifliqi-Atrofisi

Ultrasound Evaluation of the Paralyzed Diaphragm

ERIC GOTTESMAN and F. DENNIS McCOOL

Department of Medicine, Memoarial Hospital of Rhode Island, Pawtucket; and Brown University Medical School,
Providence, Rhode Island
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Paralyzed Functioning
hemidiaphragm hemidiaphragm

* Kronik paralizi-atrofi-< 2 mm

Gottesman E Am J Respir Crit Care Med (1997) 155:1570-1574

Variability of Diaphragm Structure Among
Healthy Individuals

F. DENNIS McCOOL, JOSHUA 0. BENDITT, PAUL CONOMOS, LINDA ANDERSON,
CHARLES B. SHERMAN, and FREDERIC G. HOPPIN, |r.

Department of Medicine, Memorial Hospital of Rhode Island, Pawtucket; and Brown University
Medical School, Providence, Rhode Island
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Akut paralizide tdi tek basina yanlis negatif olabilir, atrofi yok

Kisa boylu kisilerde yanlis pozitif olur, boyla orantili

McCool FD et al. Am J Respir Crit Care Med155:1323-1328



Thickening Fraction-TF- Atdi

(tdiinq_tdim(ln) X 100 - 2l - » L

TF= ot Te-exp Te-insp

exp

v" %20 altindaki degerler disfonksiyonu ile uyumiu

v Diyafram zayifliginda iyilesmeyi degerlendirmek icin kullanilabilir

v' TF artisinin vital kapasite ve maksimum inspiratuar basing artisi ile direkt iliskisi gosterilmistir.

Summerhill EM. Chest133:737-743



Mekanik Ventilatorde Destek Modlarinda Tetik Degerlendirme

v" M-mod ile 6zofagiyal manometrinin korele oldugu

v" M-mod inspirasyonun tetiklenmesinden tim solunum siklusunu gosterebilir

v’ Ozofagiyal manometriye gerek kalmadan hasta izlenebilir.




Mekanik Ventilatorden Ayirma

v" Diyafram disfonksiyonu uzamis ventilator gereksinimi ile dogrudan iliskilidir

P

Variables SC F|C Value

" - §0n: PImax, cm H,O1 _463=106 - 350L153 0002

SELEEN : : VTspon, mLj 382 + 119 286 = 111 0.004
f:;lx_ A ~ RSBI, L/min X Li 73 £ 30 136 =43 < 0.001
g 5 MD, cmi 1.45 + 0.48 0.84 =039 < 0.001

*Data are presen’ced as mean = 1 SD.

Jp < 0.05.

Table 2—Comparisons of the Traditional Weaning Parameters and MD Between Groups*

Figure 2. Liver and spleen displacements in cranio-caudal aspect during SBTs measured by real-time ultrasound.

Published in Chest 2004
Ultrasonographic evaluation of liver/spleen movements and extubation outcome.

Published in Chest 2004 @

Ultrasonographic evaluation of liver/spleen movements and extubation outcome.
Y
&

v Karaciger ve dalakta 1.1 cm altinda yer degistirme ekstubasyon basarisizhigi
v Yeterli spontan TV olusturmak tek basina yeterli degil, ekstubasyon kriterleri gézden gegirilmels

Jiang JR, et al. Chest 2004 126:179-185



Diaphragm dysfunction assessed by ultrasonography: Influence on

weaning from mechanical ventilation*

Won Young Kim, MD; Hee Jung Suh, RT; Sang-Bum Hong, MD, PhD; Younsuck Koh, MD, PhD, FCCM:

Chae-Man Lim, MD, PhD, FCCM

Variables (n = 24) {n =58) n
Demographic faclors

Agie, yrs 70,1 = 11.1 645 + 124 06

Male 16 (67) 24 (59) i

Body mass index, kg/m?® 211+ 46 RO+ 48 A1
Comorbidity:

Dhiabeles 10 (42) 3 57) 23

Hypertension 11 (46) 35 (60) 33

Chronic obstructive pulmonary disease 9 (38) 19 (33) B0

Hypaothyroidism 2(8) 1i2) 20

Coronary artery bypass grafting 21(8) 1(2) 20

Acule respiralory dislress syndrome 4 (167) 12 (21) AT
Laboratory findings

PaCq, 426 + 83 373 =80 .0

Pal), 030+ 241 101.3 + 240 20

FiOy 358 + 65 BY LA A3

Crealinine L1+04 L2+ 1.0 A2

Sodium 1390 = 6.7 1384 + 5.4 .63

Potassium 37T+03 38+ 06 T

Calcium B1+09 B2 09 A

Magnesium 2 = 21+04 51
Ultrasonographic Mindings

DE, right, mm {IQR) 7.0 (1.8-13.5) 0 (14.5-22.7) =01

DE, right, mm (n = 11)° 30(0.0-7.0) 188 (12.2-22.4)

DE, left, mm (IGR) 7.9(2.1-189) JN(15.6-23.2) <.

DE, left, mm (n = 9)° 26 (0.0-6.2) 18.3§12.4-23.1)

Pleural effusion 14 (58.3) 27)46.6) AT
Rapid shallow breathing index 735 =235 6+ 26.9 il
Hospital length of stay, days (IQR) 660 (52.0-99.0) A2/ (30.0-T2.0) =01
Intensive care unit length of stay, days (IQR) J31.0(18.5-585) A 00-33.00 <01
Inhospital mortality 6 (25) 17 (29) .79

Dy, diaphragmatic dysfunction; DE, diaphragmatic excursion; 1QH, interquartile range.

“DNata of only diaphragms with DI, Values are expressed as mean = 50, median, and QR or no. (%).

> M-mod

» Eksursiyon <10 mm

Crit Care Med 2011 Vol. 39, No. 12



Ultrasonography evaluation during the s
weaning process: the heart, the diaphragm, the
pleura and the lung

P.Mayo'", G.Volpicelli?, N. Lerolle?, A. Schreiber?, P. Doelken® and A. Vieillard-Baron®’#

© 2016 Springer Verlag Berlin Heidelberg and FSICM

Table 2 Indices of diaphragmatic function of potential utility for weaning from mechanical ventilatory support

Diaphragmatic excursion during SB1 <11 mm Increased likelihood of failure of SB1
Best diaphragmatic excursion on right or left >25 mm Increased likelihood of success of SBT
Thickening fraction of diaphragm during SBT >30-36 % Increased likelihood of success of SBT
Right- and lefi-sided diaphragmatic excursion Rilateral absence of diaphragmatic excursion Increased likelihood of faillure of SBT
SBT spontancous breathing trial

Intensive Care Med (2016) 42:1107-1117



Table 4. Applicability of parameters by mode of ventilation

Controlled

Measurement: Mode of ventilation:
Spontaneous Assisted

Motion + -

Thickness + | +

¥ ; +

D-RSBI + I

Synchrony n.a. | +

TF: tickening fraction
D-RSBI: diaphragmatic rapid shallow breathing index
+: can be used -: can’t be used

nla.

Neth J Crit Care;26-2,2018



Hasta ventilator uyumunu degerlendirme
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Postoperatif Diyafram Disfonksiyonu

v Torakal, abdominal cerrahi sonrasi gelisen diyafram disfonksiyonu

v’ Diyafragmatik eksklrsiyon <24 mm

Lerolle N, et al. Chest135:401-407



SONUC

v USG diyafram yapi ve fonksiyonlarini degerlendirmede guivenilir, kolay uygulanabilir bir ydntemdir
v Guvenirligi artirmak icin teknik olarak dikkat edilecek hususlari bilmek gerekir

v' Diyafram zayifligi, paralizi tanisi ve tedaviye yanit izleminde rahatlikla kullanilabilir

v" Disfonksiyon, paralizi, ventilatér uyumu degerlendirmek icin M-mod kullaniimalidir

v" Atrofi degerlendirmek icin B-mod kullaniimahidir

v Solunum yetmezligi icin yapilan akciger USG’nin bir parcasi olmalidir

v Weaning kriterleri icerisinde diyafram USG faydali olabilir



