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Mechanical Breath Mali Mathru, M.D., EC.C.P
ani;te?ham;aeologlc Support for a Failing Jacksonville, Florida
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3. Alveolar kapillerlerin mekanik olarak kompresyonu ile sol ventrikul preloadi duser.
Yiklenmis kalpte LVEDV azalma CQO’u artirir.

* 4. Transmural basing J LV afterload |

* 5. Kardiyojenik sok gibi oksijen sunumunun azalmis oldugu durumlarda, zaten sinirli
olan sunumun solunum kaslari tarafindan tiketilmesi dnlenmis olur.

* 6. Genellikle uygulanan sedasyon sempatik desarji dnleyerek sol ventriktli rahatlatir.



Solunum _ Dolagim

1. Mekanik (Hidrolik)
2. Noral
3. Humoral

Bitisik akciger |
Perikard - Volum ve kompliyans
Kalp -




‘Ventricular Interdependence’

Pericardium
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EFFECT OF MECHANICAL

VENTILATION ON HEART-LUNG

INTERACTIONS

Hernando Gomez
Michael R. Pinsky

Hemodynamic effects of changes in intrathoracic pressure

Increasing ITP Decreasing ITP
Decreases the pressure Increases the pressure
gradients for venous gradients for venous

return and LV ejection return and LV ejection



Mekanik ventilasyonun saglikli kalbe etkisi

Wiesen J, et al. Heart 2013;99:1812-1817.
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Mekanik ventilasyonun saglikli kalbe etkisi

Increased
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EFFECT OF MECHANICAL
VENTILATION ON HEART-LUNG

INTERACTIONS
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Frank-Starling

Stroke volume

End-diastolic volume
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Physiologic Goal-Directed Therapy in the Perioperative Period:
The Volume Prescription for High-Risk Patients

William T. McGee, MD,* and Karthik Raghunathan, MDT

Journal of Cardiothoracic and Vascular Anesthesia, Vol 1, No 1 (Month), 2013: pp a1l

Magnitude of SVW
Is Related to Location of Individual Patients on
Their Frank-Starling Curve
For the Same Change in LV Filling
SVV is High When SV is Low and Vice Versa
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Position on the Frank-
Starling Curve (A or B)
determines SVV with
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Hangisinde? Hangi Noktasinda?
Frank — Starling Egrisi
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Pozitif Basincli Ventilasyonun Kalp Debisine Etkisi
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‘Preload dependent’ vs ‘Afterload dependent’

Wiesen J, et al. Heart 2013;99:1812-1817.
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‘Preload-dependent’ ‘Afterload-dependent’

* Hipovolemi A. Sol ventrikal disfonksiyonuna

e iskemi bagl akut solunum yetersizligi

- Restriktif kardiyomyopati « Kardiyojenik Pulmoner Odem

* Tamponad

B. Solunum sisteminin indukledigi
kalp yetersizligi (sistolik
disfonksiyon varliginda)

e Kapak darlig

e Siddetli kardiyomyopati
* [skemik kalp hastalig|



Pozitit Basingh Ventilasyonun
‘Preload’, ‘Afterload’ ve Kalp Debisi Uzerine Etkileri

Likely effect on cardiac output

Haemodynamic effect of positive Preload Afterload
pressure ventilation dependent dependent
RV preload | 1 !

RV afterload 1 l |

LV preload | 1 t

LV afterload | ! 1

Wiesen J, et al. Heart 2013;99:1812-1817.
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Sistolik disfonksiyon varliginda PPV'nun etkisi



Hemodynamic Effects of Noninvasive
Bilevel Positive Alrway Pressure on
Patients With e Heart

Failure Wit stolic Dysfunction

Brick Acosta. MID: Robert DiBenedetto. MDD, FCCP: Ali Rahimi, MD: CHEST 2000; 118:1004
Maria Francesca Acosta, MD: Orlando Cuadra. MD:
An Van Nguyen. RRT, RCP: and I.ee Morrow,. MDD

* Agir sistolik disfoksiyona (EF<%35) sekonder KKY olan 14 hasta

0.008
KAH 85 75 0.002
SS 23 15 0.001
SVR 1671 1236 0.001
CcO 5.09 6.37 0.004
EF 28.7 34.4 0.001

LVED 224 246 0.045



Does Continuous Positive Airway Pressure by Face Mask Improve
Patients With Acute Cardiogenic Pulmonar o Left
Ventricular Diastolic Dysfunction?

Variables Baseline CPAP
RR. breaths/min 3 +5 98 + 41
Arterial blood pH 741 = 0.07 741 *= 0.04
Pao,, mm Hg 70 = 10 126 +:274
Paco,, mm Hg 39 =3 40 = 3
Spog, % 89 + 2 gy & 1§
Heart rate. beats/min 104 = 15 91 =18
MAP, mm Hg 76 = 16 B =T
LV end-diastolic volume, mL 128 + 23 113417
LVEF, % 39 =19 -
VTIAo. ecm Lo D ). + 2
E, cm 093 £ 0.5 083 04
A, cm 0.7 £ 0.18 0.7 £ 0.19
E/A ratio 1.4 =06 120

*Values given as mean = SD.
fp < 0.05 compared to baseline. CHEST /127 /3 /2005



Preserved LV Systolic Function (n = 4)

Decreased LV Systolic Function (n = 3)

[

Variables Baseline CPAP Baseline CPAP
RR, breaths/min 37x5 28 = 41 32:%:5 24 + 41
Arterial blood pH 7.41 = 0.07 741 = 0.04 7.38 = 0.03 7.39 = 0.02
Pa0,, mm Hg 71285 134 = 25¢ 69 = 12 120 = 30t
Paco,, mm Hg 39+*3 40=3 37x3 38 =2
SpoO,, % 89 = 2 97 + 1% 873 96 = 1t
Heart rate, beats/min 101 =19 83 =11 105 = 13 98 = 21
MAP, mm Hg 91 + 13 72 + 61 64 + 4 63 +3
LV end-diastolic volume, mL 107 + 4 98 =+ 3% 148 + 4 128 + 81
LVEF, % 9 T2 ol T 2 29 = 6 38 + 61
VTIAo. em 213 +46 179+ 2.4 14 + 2 W A
E. cm 0.59 = 0.17 0.66 =0.11 L19 £=:0:52 098 =05
A, cm 0.6 0.1 0.65 = 0.08 0.71 = 0.23 0.67 = 0.26
E/A ratio 1.0 1 *0.22 170 1.5+ 0.6

*Values given as mean = SD.

tp < 0.05 compared to baseline.



Sol Ventrikul Disfonksiyonu olan hastalarda PEEP Kullanimi

Patient Definition of LV Amount of PEEP
Study n Description of study groupings dysfunction (cm H,0) Cardiopulmonary changes with PEEP
Grace and 21 Medical ICU; titration of Divided by PCWP  AMI, CS or CHF 0-8 CO increase in 12/13 of patients
Greenbaum?® PEEP to maximal CO (<12, 14-18, requiring MV with PCWP >19
>19)
Mathruet a/,>* 290 Surgical ICU, post CABG; Divided by EF and  EF <60% (mean 34%) 5 Improvement in RAP, PCWP, Cl, SI
MV by CMV, IMV or IMV LVEDP and LVEDP >16 Tom
+PEEP (mean 19)
Dongelmans, 121 Surgical ICU, post CABG; High (10) versus None provided 5-10 Improved lung compliance, PaO; and
1986'° MV with high versus low Low (5) PEEP decreased need for supplemental O, on
PEEP discharge, but longer duration of MV
Malbouisson 10  Surgical ICU, post CABG; - Requirement of Up to 40 Improved Pa0,/FIO,, reduced
etal,” recruitment manoeuvres inotropic support for intrapulmonary shunting, no decrease
with high PEEP CS (Cl <2.5) in MAP or C
Kontoyannis 28 Medical ICU; patients with ~ IABP alone versus  Systolic blood pressure 10 mproved ability to wean mechanic?
etal* myocardial infarction IABP plus elective <80 mm Hg with end support (90% vs 56%), PCWP, CI, UO
complicated by CS requiring  MV+PEEP organ damage and discharge survival (80% vs 28%

IABP

Wiesen J, et al. Heart 2013;99:1812-1817.



Kardiyojenik Sok ve Sol Ventrikil Yetersizligi

Wiesen J, et al. Heart 2013;99:1812-1817.
can safely be Initiatec
Etiology of CS = LV failure? |— | Yes and titrated, with
l careful monitoring of
cardiac output

A

No

l

Is the patient hypovolemic |
or preload dependent?

Ensure adequate
Yes —|intravascular

1 repletion
No s l
1 No
_ Euvolemia
~ | Initiate low (3-5 cm H,O) PEEP ana titrate as achieved?

indicated by oxygenation requirements and —— Yes
tolerated by blood pressure




Mekanik Ventilasyonun Kardiyak Etkileri

Preload-Related

Ventricular Dysfunction RV Dysfunction LV Dysfunction
Examples Hypovolemia Severe pulmonary Ischemic
Ischemia hypertension cardiomyopathy
Restrictive COPD Cardiogenic pulmonary
cardiomyopathy Acute PE edema
Cardiac tamponade RV Infarct

Valvular stenoses

Effect of mandatory | LVEDV (preload) 1 RV afterload | Afterload
ventilation on | Cardiac output 1RV O, demand | Myocardial O,
cardiac function demand

1 Cardiac output

Measures to Fluid loading Treat hypoxia and PEEP/CPAP beneficial
prevent adverse Minimize airway acidosis
cardiovascular pressure Ensure adequate

effects

coronary perfusion
Ensure adequate
intravascular volume



Effect of changes in intrathoracic pressure on cardiac
function at rest and during moderate exercise in health

and heart failure

Sophie Lalande, Charles E. Luoma, Andrew D. Miller and Bruce D. Johnson Exp Physiol 2012, 97, 248

Division of Cardiovascular Diseases, Mayo Clinic, Rochester, MN 55905, USA

e Saglikh 11 ve EF<%40 11 hasta, agizlik ile spirometreye bagli olarak
solutulmus

e Inspiratuar yiki ortadan kaldirmak icin BIPAP
* EKO ile SV
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Conclusion

In conclusion, inspiratory unloading improved SVI at
rest and during moderate exercise in patients with heart
failure, possibly due to a reduction in LV afterload.



RANDOMIZED TRIAL OF BILEVEL VERSUS CONTINUOUS POSITIVE AIRWAY
PRESSURE FOR ACUTE PULMONARY EDEMA

Timothy Liesching, mp,” David L. Nelson, rRrT,T Karen L. CGormier, rrT,T Andrew Sucov, MD,T
Kathy Short, rn, RRT,§ Rod Warburton, Ba,|| and Nicholas S. Hill, mp||

*Division of Pulmonary, Critical Care and Sleep Medicine, Lahey Clinic, Burington, Massachusetts, TDepartment of Respiratory Care,
TDivision of Emergency Medicine, Rhode Island Hospital, Providence, Rhode Island, §Department of Respiratory Care, University of North
Carolina, Chapel Hill, North Carolina, and ||Division of Puimonary, Critical Care and Sleep Medicine, Tufts Medical Center, Boston,

Massachusetts
The Journal of Emergency Medicine, Vol. 46, No. 1, pp. 130-140, 2014
p Value
CPAP BPAP
ICU admission 91.67% 38.46% 0.008"
Hospital length of stay 6.64 6.50 0.623

Hospital mortality 14.28% 7.69% 0.084




@ European Journal of Heart Failure (2011) 13, 1140-1146

EUROPEAN doi:10.1093/eurjhf/hfr103

SOCIETY OF
CARDIOLOGY®

Comparison of acute and chronic impact
of adaptive servo-ventilation on left chamber

geometry and function in patients with chronic

heart failure

Nobuhiko Haruki!, Masaaki Takeuchi®, Kyoko Kaku!, Hidetoshi Yoshitani?,
Hiroshi Kuwaki!, Masahito Tamura!, Haruhiko Abe!, Masahiro Okazaki,
Akizumi Tsutsumi?2, and Yutaka Otsuji?



Baseline ASY P value

Study subjects (n=30) I0imin

l Heart rate (bpm) 72+ 14 69 +13 <0.0001
Systolic blood pressure (mmHg) 124 +21 111 +20 <0.0001
Diastolic blood pressure 74 + 14 68 +14 <0.005

(mmHg)

Stroke volume (mL) 45+ 15 54 +18 <0.0001
Cardiac output (L/min) 31+10 36 +11 <0.0001
LV/LA volumes

LV end-diastolic volume (mL) 150 + 56 149 + 55 NS
LV end-systolic volume (mL) 102 + 52 96 + 52 <0.0001

- = LV ejection fraction (%) 34+ 11 39 +13 <0.0001
Successful chronic Unsuccessful chronic ASV due to Maximum LA volume (mL) 105446 100445 NS
A?’Yz?’so;'.p poo;':o:"'eg b Minimum LA volume (mL) 66 + 45 68 +44 NS
LV diastolic function
E wave (cm/s) 91 437 89 +38 NS
. A wave (cm/s) 62 + 37 61+34 NS
Lost during — :
Follow-up (n=4) e’ (cm/s) 42+14 42+14 NS
a’ (cm/s) 47+24 45+26 NS
Ee 233 +108 228 +10.1 NS
Mitral regurgitation vena IF3E1S 32114 NS
contracta width (mm)
Systemic arterial compliance 096 + 036 1.29 +0.51 <0.0001

(mLU/mmHg)

Systemic vascular resistance 2539 + 860 2026 + 702 <0.0001
(dyne/s/cms)

ASV group Withdrawal group
(n=15) (n=11) European Journal of Heart Failure (2011) 13, 1140-1146




Withdrawal group

49+ 15
335+ 088
0.63 +0.20
2338 + 600
105 + 46

75+ 41

40+ 12

56+ 20

46+ 20
272+ 100
171 + 60
117 + 58

33+ 11
100 + 36

61 + 31

3TE2%

20+ 08
67 +13
121 + 14
67 + 13
M4 E12
3.52 + 0.65
0.65 + 0.11
1991 +477
90 + 40
68 + 49
40+ 15
5.7+ 40
44 + 1.7
25.8 + 16.6
158 + 73
106 + 71
38 +£13
95 + 50
60 + 46
30+ 27

ASYV group
LR B SRS TSR35
BasellneFollow-uvaalue
NYHA class 24+05 1.5+05 <0.01
Heart rate (bpm) 74 + 16 70 +13 NS
Systolic BP (mmHg) 117 +22 123 + 31 NS
Diastolic BP (mmHg) 72+ 16 66 + 15 NS
Wume (mL) 43 +15 56 + 16 WD
Cardiac output (L/min) 313 + 1.06 3.83 +0.85 0.0037
SAC (mU/m?*/mmHg) 0.63 + 022 069 + 026 NS
SVR (dyne/s/cm?) 2483 + 965 1837 + 490 M
E wave (cm/s) 90 + 35 81 + 42
A wave (cm/s) 64 + 43 63 +45
e (cm/s) 38+ 15 53+ 15
a' (cm/s) 42+17 51+28
s’ (em/s) 3741 53439
Ele’ 27.1 + 161 163 + 8.7
LVEDV (mL) 169 + 66 129 + 61
LVESV (mL) 122 + 63 79 + 40
LVEF (%) 30+ 11 43 +14
Max LAV (mL) 113+ 54 85 + 61
Min LAV (mL) 70 + 56 50 + 49
MRVCW (mm) A4 35+13 1.6+ 24

European Journal of Heart Failure (2011) 13, 1140-1146
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Preload’un azalmasi Afterload’un azalmasi

T

1. Kalp hizinin azalmasi;

-Kardiyak sempatik aktivitenin azalmasi
-Pulmoner ‘stretch’ res.’lerin uyarilmasi ile
parasempatik aktivitenin artisi

2. ‘Reverse remodeling’



Circulation Journal RA PI D c 0 M M U N I CATI 0 N

Official Journal of the Japanese Circulation Society
http: //www. j-circ.or.jp

Short-Term Prognosis of Adaptive Servo-Ventilation
Therapy in Patients With Heart Failure

Takashi Koyama, MD: Hiroyuki Watanabe, MD: Gen Igarashi, MD:
Shigenori Terada, MD: Shin Makabe, MD: Hiroshi Ito, MD

Circulation Journal Vol.75, March 2011

Background: This study tested the hypothesis that adaptive servo-ventilation (ASV) therapy improves the prog-
nosis of heart failure (HF) patients, regardless of the severity of sleep-disordered breathing (SDB).

Methods and Resulis: 88 consecutive patients were divided into 4 groups based on ASV therapy and SDB
severity. The incidence of HF, brain natriureti i i jecti ion (LVEF

were follower HF events, together with an increase in and a decrease in BNP,
occurred in ASV-treated patients with both non-to-mild and moderate-to-severe SDB.

Conclusions: ASV therapy improves the short-term prognosis in HF-patients, regardless SDB severity. (Circ J
2011; 75: 710-712)




Sonuc

* MV ve PEEP uygulamasinin hemodinamik sonuclari
degiskendir ve hangi klinik kondusyondaki hastaya
uygulandiklarina bagldir.

* Agir sistolik kalp yetmeazligi, AMI, kardiyojenik sok
tablolarinda PEEP kullanilarak MV uygulanmasi hala
tartisilan bir konudur.

* Oksijenasyonun optimizasyonu icin kullanilmasinin bir
sakincasi olmadigi gibi LV fonksiyonuna faydali olabilecegi
bilinmelidir.



Sonuc

* Hasta secimi cok onemlidir.

* Mevcut klinik ve kardiak kondusyonu ne olursa olsun
hipovolemik, ‘preload dependent’ hastalarda ve sag
ventrikal infarkti olanlarda MV ve PEEP’in ciddi
hemodinamik negatif etkileri olabilir.

* RV disfonksiyonu olanlarda PEEP’e bagl afterload artisi
tolere edilemeyebilir.

* Alveolar rekruitment ve PEEP uygulanmadan 6nce preload
optimize edilmelidir.



Tesekkurler...
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LV disfonksiyonunda PPV’nun etkisi

* Stres altindaki ve disfonksiyone miyokard afterload artisina ve
metabolik ihtiyacin altindaki oksijen sunumuna oldukca duyarlidir.

* PPV:

e Oksijenasyonu duzeltir

* Transmural pulmoner basincin azalmasina bagh LV afterloadinda azalma
* LV preload’inda azalma, konjesyon yukunun azalmasi

* LV performansinin iyilesmesi

e Solunum isinin azalmasi

* inspiryumda ITP’nin asiri negatiflesmesini énler

* Hipoksiye bagli pulmoner vazokonstriksiyonun duzelmesi

* Miyokarda oksijen sunumunun artmasi

Heart. 2013;99(24):1812



* Kalp yetmezlikli hastalarda stres ile asiri solunum gayreti olusur, tidal
volumden daha ¢ok solunum frekansi artar.

* Azalmis kardiak rezerv ve artmlﬁ solunum yuku kalp akciger
etkilesimini olumsuz yonde etkiler.

* BUyumaus kalp toraks icinde yer kaplamasi kalp akciger etkilesiminin
daha da olumsuzlasmasina neden olur.

* ITP’de dalgalanma artar

* Kalp yetmezlikli hastalar derin solunum yapmaktan kaginarak end
ekspiratuar akciger volumiunu muhafaza etmeye calisirlar.

* Bu anormal solunum paterni kalp yetmezlikli hastalarda solunumun
kardiak neFatif etkilerini minimize etmek icin olusan bir fizyolojik
yanit olabilir.

Chest 117, 321, 2000,
Med Hypotheses 74, 416, 2009
Chest 130, 164, 2006



 Saglikli kalpte ITP’In daha da negatiflesmesi sistemik vendz donusu
artirarak LVED artirir ve SV artar

* Fakat LV kontraktilitesi bozulmus kalp yetmezlikli hastalarda LVED
artisi SV’'U artirmadigi gibi, LV transmural basinci artarak afterload
artisina neden olur. Sonucta negatif ITP ile SV azalabilir.

Prog Cardiovasc Dis 24, 375, 1982



e Akut sol kalp yetmezliginde siklikla mekanik ventilasyon (invazif ya da
non invazif) gerekir:
» Akut hipoksik solunum yetmezligi (Sant ve V/Q uygunsuzlugu)
e Artmis solunum is yukid (Azalmis kompliyans)
* Ritm bozukluklari
* Perkutan ya da cerrahi girisimler icin sedasyon gerekliligi

Am J Cardiol2006;97:13F-25F.



Invasive PPV in Severe Systolic Heart Failure

* PPV ve PEEP’in hemodinamik etkilerinden cekinildigi icin KKY’li hastalarda
solunum destegi olarak genel egilim NIMV’dur.

* Fakat agir LV disfonksiyonu olanlarda bile PEEP ve invazif MV’nun zararli
olmadigi hatt afaydali olabilecegine yonelik deliller vardir.

LV disfonksiyonlu 21 hastada (KKY’li AMI 7, kardiojenik sok 8, KKY 6) invazif MV
uygulanirken PEEP acilmasiyla hastalarin cogunda CO dusmus. Fakat olgular
PCWP ylksek ve normal olarak ayrildiklarinda PCWP> 19 mmHg olan 13
hastanin 12’sinde CO’un arttigi gozlenmis. Crit Care Med1982;10:358

 CABG sonrasi LV disfonksiyonu olan MV uygulanan hastalarda 5 cmH20 PEEP
acilmasiyla PCWP, Cl, SVI degerleri iyilesmis. Arastirmacilar: Agir LV
disfonksiyonu olan her hastada PEEP kullanilmasini 6nermisler Crit Care
Med1982;10:423

* CABG sonrasi MV uygulanan kardiyojenik soktaki hastalarda rekruitment
sonrasinda 10 cmH,O PEEP uygulanmasinin hemodinamik bozukluga neden
olmadan intrapulmoner santi azalttigi, akciger kompliyansini dizelttigi
bildirilmistir. Rev Bras Anestesiol2008;58:112



Invasive PPV in Severe Systolic Heart Failure

e PEEP kullanilarak uygulanan MV sadece LV fonksiyonlarini diizeltmekle
kalmaz klinik sonuclari da iyilestirebilir.

* |IABCP gerektiren kardiyojenik soklu olgular 10 cmH,O PEEP ile MV
uygulanan ve uygulanmayan olarak randomize edilmisler. MV
uygulananlarda idrar cikisi, PCXP, Cl, P/F orani daha iyi, inotrop ve
vazopressor kullanimi daha disuk IABCP’dan weaning daha kolay,
hastanede kalis daha kisa survive daha iyi. Intensive Care Med1999;25:835

* LV disfonksiyonu olan hastalarda PEEP’in hemodinamik yararli etkileri
olmadigini da bildiren calismalar var. Fakat bu calismlarda PEEP’in
hemodinamik zararh etkileri olmadigi ve kullanilabilecegi not edilmis. Intern
Emerg Med 2009;4:249



PEEP

* Kardiyojenik sokta

* PEEP LV oksijen tuketimini azaltir

* iskemik miyokarda oksijen sunumunu arttirir
Intrakardiak laktat Gretimini azaltir
LV preload’u azaltarak kalbin yukinu azaltir
Transmural basinci dusurerek LV afterload’u azaltir
Oksijenasyonu dulzeltir
Solunum isini azaltir
Hipoksik pulmoner vazokonstriksiyonu ortadan kaldirir
Metabolik gereksinimi azaltir

Clin Physiol1988;8:287



Clin Physiol. 1988 Jun;8(3):287-301.

Cardiovascular effects of positive end-expiratory pressure during acute left ventricular failure in dogs.
Hevrgy O, Reikeras O, Grundnes O, Mjgs OD.

Author information

Abstract

Haemodynamic and metabolic effects of ventilation with positive end-expiratory pressure (PEEP) were
studied in closed-chest dogs anaesthetized with sodium pentobarbital during normal cardiac function and
during acute left ventricular (LV) failure. LV failure was induced by embolizing the left coronary bed with 50
micron plastic microspheres causing a marked depression of LV function. End-expiratory pressure was set to
0, 5, 10 and 15 cm H20 both before and after coronary embolization. During normal cardiac function PEEP
above 5 cm H20 depressed cardiac output (CO) significantly. However, following coronary embolization after
which LV function was seriously impaired, CO was maintained as PEEP was applied. This is attributed to
reduced sensitivity to the LV pre-load reductions induced by PEEP during LV failure. PEEP reduced MBF both
during normal and impaired LV function. This did not result in ischaemic myocardial metabolism assessed by
lactate extraction either in normal hearts or following coronary embolization. The reduced MBF was,
however,daSﬁociated with reduced MVO2 both during normal cardiac function and during LV failure. It is
suggested that
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Positive end-expiratory pressure (PEEP) does not depress left ventricular function in patients with pulmonary edema.
Calvin JE, Driedger AA, Sibbald WJ.

Abstract

We evaluated the effects of positive end-expiratory pressure (PEEP) on left ventricular function in 15 patients with acute
respiratorY] insufficiency secondary to pulmonary edema with invasive (pressure; flow) measurements and radionuclide
angiography (RA). Using RNA allowed a definition of the left ventricular ejection fraction (LVEF), and then calculation of the left
ventricular end-diastolic vqumeéLVEDV), both before and after PEEP. With a mean PEEP of 14.2 +/- 1.8 cm H20 (mean +/- SD)
(range, 10 to 15), a fall in the cardiac index (4.34 +/- 1.5 to 3.84 +/- 1.4 L/min/M2; p less than 0.001) was accompanied by a
significant decrease in the stroke volume index (42 +/- 13 to 39 +/- 12 ml/beat M2; p less than 0.01) and pulse rate (103.4 +/- 14.3
to 98 +/- 13.5 beats/min; p less than 0.01). The decrease in the stroke volume index was primarily due to a significant decrease in
left ventricular preload (LVEDV) from 85.9 +/- 19 to 71.4 +/- 21.4 ml/m2 (p less than 0.01?. Simultaneously, the mean LVEF
increased from 0.47 +/- 0.10 to 0.53 +/- 0.08 (p less than 0.05), despite a significant increase in the systemic vascular resistance
(1,619 +/- 575 t0 1,864 +/- 617 dynes . s. cm-5/M2; p less than 0.01). We concluded that the use of PEEP in patients with acute
pulmonary edema, to the degree used in this study, may depress cardiac output by simply decreasing left ventricular preload. We
were unable to produce any evidence that would support a change in the contractile state of the left ventricle as a cause of
depressed forward flow with the use of PEEP.
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» Cardiac performance in response to PEEP in patients with cardiac dysfunction.
* Grace MP, Greenbaum DM.

* Abstract

* The effect of PEEP on cardiac performance was evaluated in 21 patients with left
ventricular (LV) dysfunction. Twenty-three data sets were divided into three
groups according to pulmonary arterial wedge pressure (PAWP). In three of four
group A data sets (PAWP = 12 mm Hg), cardiac output (CO) decreased when PEEP
was added. In four of six ﬁroup B data sets (PAWP = 14-18 mm Hg) and in 12 of 13
group C data sets (PAWP less than or equal to 19 mm Hg), CO increased with
addition of PEEP. In group C, the mean increase in CO was 500 ml/min, and the
mean level of best PEEP was 3.9 cm H20. When PAWP exceeded 18 mm Hg, PEEP
was safe and in many instances augmented CO.
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Cardiac failure: Mechanical support strategies

John P. Boehmer, MD; Eric Popjes, MD
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(Crit Care Med 2006; 34[Suppl.}:S268-S277)



PRESSURE (mmHg)

For heart Psur is pericardial pressure (Ppc)
Ttm = Pim — Ppc

Pericardium
high extensibility at low level of stress
with an abrupt transition to relative inextensibility at higher stress
therefore it exerts a restraining effect on volume of heart
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Physiologic role of normal pericardium
Matthew W. Watkins, Martin M. LeWinter, annu. Rev. Med 993;44:171-180



RV & LV mechanically coupled

common septum & circumferential fibres

expansion of both ventricles constrained by a common pericardium
(pericardial constraint)

Diastolic filling of one ventricle has to be at the cost of another
diastolic filling of one ventricle will affect the geometry and stiffness of another



Changes in RVEDV, changed LV diastolic compliance
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Heart lung interactions.
Pinsky MR, Textbook of Critical Care, 5™ edition, Elsvier Saunders

40



Output 0

SERIES INTERDEPENDENCE




Heart and great vessels
In cardiac fossa

TRAPPED AND COMPRESSED
Greater change in Ppl

Lateral chest wall moves outward
Less change in Ppl

Diaphragm most combliant
Least change in Ppl

Pleural pressure change
juxta cardiac > lateral chest wall > diaphragm



Surrounding Pressures of Circulatory System

Patm= 0
Ppl= -2 to -5
Pabd = <5
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Stroke Volume

Physiologic Goal-Directed Therapy in the Perioperative Period:

)

The Volume Prescription for High-Risk Patients

William T. McGee, MD,* and Karthik Raghunathan, MDT

Journal of Cardiothoracic and Vascular Anesthesia, Vol 1, No 1 (Month), 2013: pp a1l

Targeted Therapy
Based on Clinical Context

Less PPV or SVV

- : B variability.
. Personal Best W = S Hypervolemic
N . A Fluid Overload patients may have

volume removed;
at a minimum, fluid

therapy can be
withheld.

More PPV or SVV variability.

Hypovolemic patients may be volume-
resuscitated.

Preload



Sivi Yaniti

SVV - ‘Stroke Volume Variation’
PPV — ‘Pulse Pressure Variation’

* Sivi testine CO yaniti

* Mekanik ventilasyonla arterial basingta fluktuasyonlarin kuantifikasyonu
* Gereklilikler:

v" Mekanik ventilasyon sirasindaki tidal volumler > 8ml/Kg
v’ Sinus ritmi

Responsive Non-responsive

SVV 0-10%
PPV 0'10% Preload (GEDI)

Stroke volume index (SVI)

QG

SVW <10%
PPV <10%

63
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EFFECT OF MECHANICAL
VENTILATION ON HEART-LUNG

INTERACTIONS

Hernando Gomez
Michael R. Pinsky
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Type of
shock

PEEP ve Sok

Potential drawbadk to PEEP

Means of monitoring and compensating

Hypovolemic
Cardiogenic

Distributive
Obstructive

| RV and LV preload can lead to | CO and worsening of hypotension

Although the | LV afterload will 1CO, the | RV and LV preload may |
CO to a greater degree

| RV and LV preload can lead to | CO and worsening of hypotension
1 RV afterload may precipitously | CO in light of | RV and LV preload

Ensure adequate volume resuscitation; carefully monitor BP
Ensure that the patient does not have concomitant hypovolaemia

Ensure adequate volume resuscitation; carefully monitor BP

Vigorous hydration and vasopressor support may be necessary to maintain
haemodynamic regulation

Wiesen J, et al. Heart 2013;99:1812-1817.



Heart lung interactions during mechanical

ventilation

Michael R. Pinsky

Curr Opin Crit Care 2012, 18:256-260
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EFFECT OF MECHANICAL
VENTILATION ON HEART-LUNG
INTERACTIONS

Hernando Gomez
Michael R. Pinsky

Effect of varying Vy during hypovolemia Effect of varying V during normovolemia
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Nerden Baslasam?
Nasil Anlatsam?

Lancet, 1936
Frank-Starling
Preload-dependency ve Afterload-dependency

. PEEP

CPAP vs BIPAP vs ASV



SVI (ml m™2)
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¥ . Inspiratuar yik dinlenme ve egzersizde
her iki grupta da SV degistirmedi !
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Conclusion

In conclusion, inspiratory unloading improved SVI at
rest and during moderate exercise in patients with heart
failure, possibly due to a reduction in LV afterload.
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Conclusion

In conclusion, inspiratory unloading improved SVI at
rest and during moderate exercise in patients with heart
failure, possibly due to a reduction in LV afterload.



Non-invasive PPV in Cardiogenic Pulmonary Edema

* Non-invasive PPV, either via continuous positive airway pressure or bilevel
Eositive pressure support ventilation has been shown to improve
aemodynamics, respiratorY function and oxygenation in patients with acute
systolic heart failure and pulmonary oedema compared with oxygen therapy
alone.

* the use of non-invasive ventilation in randomised prospective trials was
associated with lower rates of intubation and improved 30-day mortality
compared with oxygen therapy alone.

* Results have been similar in patients with systolic heart failure secondary to
acute Ml or heart failure with preserved ejection fraction.

* Thus, non-invasive PPV has found widespread acceptance in the management of
acute symptomatic left heart failure, and would ostensibly have similar
haemodynamic effects as its invasive counterpart.

Chest1985;87:158
Crit Care Med2004;32:2546—-8
Curr Opin Crit Care2008;14:531



EFFECT OF MECHANICAL
VENTILATION ON HEART-LUNG
INTERACTIONS

Hernando Gomez 6 1
Michael R. Pinsky

Cardiac output (L/mg)
w 4 (83}
w

N
/

Control PHIPS Control
with permission, from Pinsky MR, Summer WR. Cardiac augmenta-
tion by phasic high intrathoracic pressure support (PHIPS) in man. ne=7
Chest. 1983;84:370-375.)
*p 0.05




Preserved LV Systolic Function (n = 4)

Decreased LV S_\.’stolic Function (n = 5)

Variables Baseline CPAP Baseline CPAP
RR, breaths/min 87x5 28 + 4% a2E'5 24 + 4%
Arterial blood pH 741 = 0.07 741 = 0.04 7.38 = 0.03 7.39 = 0.02
Pao,, mm Hg 7L 85 134 + 251 69 = 12 120 =+ 301
Paco,, mm Hg 39%3 40 = 3 37*x3 38 =2
Sp0,, % 89 + 2 97 + 1} 87 +3 96 + 11
Heart rate, beats/min 101 =19 83 + 11 105 %= 13 98 = 21
MAP, mm Hg 91 + 13 72 * 61 64 =4 63 =3
LV end-diastolic volume, mL 107 = 4 98 + 3t 148 = 4 128 = 8t
LVEF, % B B ) = 29 + 6 38 = 61
VTIAo, cm 213+ 46 179+ 24 4 X2 P
E, ecm 0.59 = 0.17 0.66 =0.11 L.19 =052 0.98 = 0.5
A, cm 0.6 £0.1 0.65 = 0.08 0.71 = 0.23 0.67 = 0.26
E/A ratio 1.=0 1+ 0.22 1.7 0:7 1506

*Values given as mean = SD.
ip < 0.05 c()mpared to baseline.

In summary, the present study shows that CPAP should be used for the management of CPE
in patients with diastolic LV dysfunction. In patients with preserved systolic function, CPAP
decreases LV end-diastolic volume. Moreover, our data confirm that in patients with altered
systolic function, the benefit of CPAP is due to both an increase in LVEF and a decrease in

preload.



