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Introduction




Lung transplantation, How many?
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Lung transplantation: Diagnosis?
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Lung transplantation: Diagnosis?

IPF 268 (49.9)
Post-transplant BO 34 (6.3)
Bronchiectasis 28 (5.2)
Primary pulmonary hypertension 18 (3.4)
| ymphangioleiomyomatosis 14 (2.6)
Emphysema 5(1.0)
Eisenmenger syndrome 3 (0.6)
Asbestosis 3 (0.6)
Cystic fibrosis 2 (0.4)
Others 189 (35.2)

Y. H. Jeong, D. K. Kim, S. Choi Current Challenges in Thoracic Surgery (2022
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Lung transplantation, status
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PH in Lung Transplantation




Prevalence of Pulmonary hypertension in
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Pooled Prevalence of COPD-Related PH

Overall COPD-related PH
prevalence was
approximately 39.2%

study

Acharya et al. 2018
Aksu et al. 2013
Alkukhun et al. 2014
Andersen et al. 2012
Blanco et al. 2019
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Chen et al. 2015
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Sridhara et al. 2020
Stolz et al. 2008
Sunetal 2019
Takahashi et al. 2018
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Xiong et al. 2020
Yazici et al. 2019

Overall, DL (I = 97.6%, p = 0.000)

Effect (95% CI)

0.540 (0.402, 0678)
0.236 (0.148, 0.324)
0634 (0.555, 0.713)
0.487 (0.438, 0.535)
0.374 (0.302, 0.445)
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0.167 (0.134, 0.200)
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0.229 (0.186, 0.273)
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%
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2.34
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263
273
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27
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PH, poor prognosis in lung Transplantation

3362 COPD LTx recipient 1 year mortality
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PH, poor prognosis in lung Transplantation
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Management of PH, pre-transplantation

Contributory Heart

comorbidities failure

Thromboembolism

Adjunctive
Management

in PH-CLD Depression/

anxiety

Weight Pulmonary
management rehabilitation

Cardiol Clin 40 (2022) 77-88
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Management of PH, in ICU




Management of PH, in ICU

* Intubation

*VV vs. VA

* Post-op Care




Management of PH, in ICU

* Intubation
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Challenges and complications associated
with endotracheal intubation
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Peri-lntuletion | | [Pest=IntulLetion

Inadequate IV Access Local Trauma affecting view

Appropriate posiioning
Difficult IV Accesss Failure to recognize/treat

Difficult Airway A e

Inexperienced Proceduralisit e
Poor Positoning Pneumothorax
Insufficient hemodynamic monitoring

Repeat or Prolonged Attempt(s) B
Known/Anticipated Difficult Airway Aspiration

Worsening Hypoxia/Hypercarbia

Inadequate Pre-Oxygenation and/or Systemic Hypotension/Hypertension

Ventilation

Esophageal Intubation Seizures

Lack of Airway Evaluation
Worsening Pulmonary HTN
Comorbidities of Patient 8 b Arrhythmia
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Heart lung interaction

LV function curve
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Effects of mechanical ventilation on RV hemodynamics that lead to
systemic hypotension

T Trans-pulmonary
Pressure

T RV Afterload

d RV Stroke Volume
T RV Volume
d LV Preload

d LV Stroke Volume

{ Cardiac Output

pypetonsien Ann Am Thorac Soc . 2018 Mar;15(3):383-389
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PEEP or not

8 \ Very high PEEP/Palv

o [ will compress
A R = Pulmonary vessels
/ L \ and increase PVR

At low lung volumes
atelectasis can increase
PVR due to collapse of the
alveolar-capillary unit and
hypoxic vasoconstriction

PVR

Opening alveoli with
appropriate PEEP will
favorably tether
vessels and improve
PVR

Atelectasis Overdistension

-
Lung Volume (ml)

Eur Heart J Acute Cardiovasc Care. 2022 Jan 12;11(1):77-83.
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Pharmacological options for rapid sequence intubation(RSI)

Drug Mechanism Advantages Side effects Dose Duration of action
Sedatives
Etomidate Ultra-short acting o Little effect on » Suppresses adrenal 0.2-0.6 mg/kg  3-5 min (dose-dependent)
nonbarbiturate general hypotension cortisol production
anesthetic
Ketamine NMDA and glutamate o Catecholamine ® May increase blood 1-2 mg'kg 15-30 min
receptor antagonist o Bronchodilation pressure
» Raise ICP
Midazolam GABA receptor ® No reported advantage  « Dose-dependent 0.2-03mg/kg 1-6h

reduction in myocardial
contractility
» Hypotension
Propofol GABA receptor o Bronchodilation e Suppress myocardial 1.5 to 3 mg/kg 10 min
modulator contractility
o Hypotension
® Discolored urine (green
tint)
* Myoclonus

NMBAs
Succinylcholine Depolarizing agent act- » Shortest acting e Many contraindications 1.5 mg/'kg 6-10 min
ing on post-synaptic * Malignant
cholinergic receptors of hyperthermia
the motor endplate o Rhabdomyolysis
» Hyperkalemia
s Trismus/fasciculations
o Bradycardia
o Increased ICP
Rocuronium Nondepolarizing agent o Noeffects on heart rate e IgE-induced I-1.2mg/kg 45 min
acting on synaptic or blood pressure anaphylaxis
nicotinic receptors at the
neuromuscular junction
Vecuronium Nondepolarizing agent e Noreported advantage Bronchospasm 0.1-0.2 mg/kg  45-60 min
blocking the nicotinic * Hypotension
acetylcholine receptor * Sinus tachycardia
at the postjunctional e Erythema
membrane of the & Urticaria
neuromuscular junction  Flushing
» Pruritus

» Hypersensitivity

- Angphylasis Heart Fail Rev. 2022 Sep;27(5):1807-1817.
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RSI medication in PH

_ Sedatives .

Etomidate Less hemodynamic effects compared to propofol in rodent
models
Ketamine Minimize hypotension during RSl and improve coronary

artery and end organ perfusion

Propofol Recommended to avoid propofol due to vasodilator and cardiac
depressive properties

Midazolam In combination ketamine and rocuronium, have been utilized
successfully with vasopressors for intubation in stable
preoperative PH

Heart Fail Rev. 2022 Sep;27(5):1807-1817.
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Case A: PH-ILD

« M/52
e Post-ARDS fibrosis

e r/o unclassifiable ILD

» Resting hypoxia
« O2 3L/min

- PFT

 FVC 1.36(32%) FEV1 1.21(38%)
ratio 89 DLco 6.3(34%)




Case A: PH-ILD

Baseline TTE (2023.10.10)

1. Severe pulmonary hypertension (RVSP : 92mmHg) with poor
collapsible IVC (18mm)

2. Enlarged RA and RV with reduced RV systolic function (RV TDI S’ :
Tem/s, FAC : 27%)

3. Severe TR(GIII-IV/IV) with dilated TV annulus (40mm)

4. D-shaped LV (LVEDD/ESD : 39/25mm) with normal LV systolic
function (EF : 68%)

5. Dilated pulmonary trunk (MPA: 36mm, LPA: 20mm, RPA: 20mm)
6. Slightly dilated sinus of Valsalva (38mm) and ascending aorta
(37mm)

7. Minimal pericardial effusion

<Pulmonary HTN baseline>

1. TAPSE/sPAP ratio : 0.18

2. RV TDI S": 1lem/s

3. RV strain: - 14.0%

4. RA area: 20.9cm2

5. Geometry (LV eccentricity index) : 1.34

UNIVERSITY




Case A : Aggravation hypoxia
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CASE A: f/u TTE

2023.10.18, ECMO D1
== bed side ehco AR L CH

EF 208 =2 LV function H3IE 2
7|E2| RV failure &S| &5 AFEfQILICH

SEA-H C1X| shock desaturation status

CHOt |V function2 WA echmo fighting Ol 218 H
T S SHEULL

A&2 2 0I5 stressE 245 HX| & =

= = o
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CASE A: f/u TTE

Post ECMO TTE(2023.10.19) ECMO D2

ICU portable echo: Lung T Cl{ 7| X}, IPF, ECMO apply (2023.10.17-)
* compared with previous echo (2023.10.10) *

1. Severe pulmonary HTN (RVSP: 80mmHg)

2. Enlarged RA and RV with reduced RV systolic function (FAC: 28%)
3. Moderate TR (G -1V ->1I-111/1V, VCW: 0.58cm) with dilated TV
annulus (37mm)

4. Small sized, D-shaped LV (LVEDD/ESD: 37/22mm) with normal LV
systolic function (EF: 74%)

5. Dilated pulmonary trunk (MPA: 35mm, RPA: 22mm, LPA: 19mm)
6. Dilated sinus of Valsalva (41mm)




CASE A: Progress

TTE, 2wks after ECMO

Impression

*|CU portable echo: Lung T Cl{ 7| X}, IPF, ECMO apply (2023.10.17-)
*Cmpared with previous echo (2023.10.19)

1. Severe pulmonary HTN (RVSP: 80->130mmHg)

2. Enlarged RA and RV with reduced RV systolic function (FAC: 29%)
3. Moderate TR (GlI-llI/IV) with dilated TV annulus (40mm)

4. Small sized, D-shaped LV (LVEDD/ESD: 30/23mm) with normal LV
systolic function (EF: 69%)

5. Dilated pulmonary trunk (MPA: 35mm, RPA: 22mm, LPA: 23mm)
6. Dilated sinus of Valsalva (41mm) and ascending aorta (36mm)

_\\“‘““'@; YO N S E I
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CASE A: Progress

TTE, post lung Transplantation

ICU portable TTE : S/P Lung transplantation double (2023.11.02)
- Compared with previous echo (23.11.01)

**\lery poor echo window d/t dressing site = echo parameter0|
limitation L& LI Ct

**Only subcostal window was available

1. Decreased to normal range of RVSP (111->26mmHg) with poorly
collapsible IVC (177mm)

2. Enlarged RA and RV with normal RV systolic function (FAC : 26-
>37%)

3. Trivial TR (G lI-Ill->trivial)

4. Normal sized LA and LV with normal LV systolic function (LVEDD/
ESD : 41/24mm, LVEDD/BSA: 25mm/m?2, EF : 75%)

/ UNIVERSITY



Management of PH, in ICU

* Intubation : Be prepared for RV failure

* RSI medication : Etomidate or ketamine >> propofol
» Consider VA-ECMO stand-by
 Keep previous medication including PH-medication




Management of PH, in ICU

*VV vs. VA

%) YONSEI
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Management

End-stage ILD with PH

of PH in ICU : ECMO

VvV ECMO VA ECMO
p p
Variables Total A"AY) VA Value® Transplanted Deceased Value® Transplanted Deceased Value®
Number of patients 50 19 31 7 12 20 11
100
—hee WfA-ECMO 100
= 754 | i —— VV to VA-ECMO
2 h —= VV-ECMO L,
- o — s 7 L
g = == YY-ECMO
w 50+ 2 |
; | : : : ]
0 L] En- -
) | E I
o 254 M g ' ape
Lo *P=0.025 5 E— ' P2t
1 o 254 |
; :
u | ] | | | I
0 256 50 76 100 125 0 1
0 0 20 30 40 50 60
Survival Time {(Days) i )
No. at Risk Survival Time [{Days)
2 S No. at Risk
WW-ECMO 19 & 0 0 0 Vi to VA-ECMO: 7 6 5 4 3 0
VA ECMO 31 11 3 2 1 1 VV-ECMO: 12 3 1 0 0 0

*Comparnsons by Log Rank Test

UNIVERSITY

*Comparison by Log Rank Test.

Ann Thorac Surg 2018;106:1812-9




VV vs. VA

e Fitfalls of VA ECMO

* Bleeding
 Thrombo-embolic risk
« Harlequin syndrome

« LV distension

* Infections

* Limb ischemia




Case B: PH-ILD

* M/63
* |PF

* Resting hypoxia
« O2 L/min

- PFT

« FVC 1.60(39%) FEV1 1.50(52%)
ratio 94 DLco 4.1(25%)




CASE B: Baseline TTE

Pre lung transplantation evaluation : IPF

1. Enlarged RA and RV with hypokinesia of RV free wall (FAC: 30%)
2. Moderate pulmonary hypertension (RVSP: 61ImmHg) with well
collapsible IVC

3. Small LV(LVEDD/ESD: 41/30mm) with normal global LV systolic
function (EF: 56%)

4. Relaxation abnormality of LV filling pattern (E/E": 8)

5. Concentric remodeling of LV

<H 1 S%>

1. TRV max: 3.75m/sec 2. RAP: 5mmHg 3. TR area:
0.25cm2 4. TV TDI S 12cm/s

5. TAPSE: 1.64cm 6. RVOT acceleration time: 231.8ms
7. RVOT VTI: 7.7cm

8. LVOT VTI: 10.2cm 9. Tei-index: 0.69

_\\“‘““'@: YON S E I
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CASE B: Aggravation hypoxia, ICU

2019.4.26 q 2019.4.26, MV+VV-ECMO




CASE B: f/u TTE(19.4.27)

Portable TTE for follow up : IPF (lung transplantation CH 7| & Eff), VV
ECMP insertion status
*Compared with previous echo (2019.01.08)*

1. Mild global hypokinesia of LV
2. Enlarged RA and RV with akinesia of RV freewall and reduced
global RV systolic function (FAC: 30 -> 27%)
3. Mild pulmonary HTN with decreased RVSP (61 -> 42mmHg)
4. No significant interval change of LV (LVEDD/ESD: 41/30 ->
43/32m)

with preserved global LV systolic function (EF: 56 -> 54%)
5. Relaxation abnormality of LV filling pattern (E/e: 8 -> 9)

N/ UNIVERSITY



CASE B: Progress

« 2019.4.28 VV-ECMO+HFNC




CASE B: Progress

19.5.13 TTE (ECMO D-17) 19.5.13 CXR

ICU limited portable echo F/U for RV function, EF, RWMA: IPF (lung
transplantation Ll 7[), VV ECMP inserted status
*Compared with previous echo (2019.05.08)*

1. Still borderline enlarged RV with still reduced RV systolic function
(FAC: 32 -> 34%).

- but preserved longitudinal motion of RV base (TV TDI S': 14->
13cm/s).
2. Moderate pulmonary HTN (RVSP: 59mmHg).
3. Normal sized LV, LA and normal global LV systolic function (EF:
65%), without interval change.
4. Relaxation abnormality of LV filling pattern (E/e’: 10).

UNIVERSITY




CASE B: Progress

19.5.19 VV-ECMO+HFNC, D-23 f/u TTE 19.5.20

ICU limited portable echo F/U for EF, RV function,RVSP: IPF (lung
transplantation CH 7[), VV ECMP inserted status
*Compared with previous echo (2019.05.13)*

1. Still borderline enlarged RV and RA with still reduced RV systolic
function (FAC: 34-> 34%)

- but preserved longitudinal motion of RV base (TV TDI S*: 13->
13cm/s)
2. Moderate pulmonary HTN (RVSP: 59-> 54mmHg) with D-shaped
LV
3. Normal sized LV, LA and normal global LV systolic function (EF:
72%), without interval change

UNIVERSITY




CASE B: Progress

*«19.5.21, ECMO D-25, MV+VAV d/t Cardiac arrest




CASE B: Progress

TTE 19.5.22 TTE 19.5.24

ICU portable echo: Lung T Cl{ 7|, IPF s/p VV ECMO insertion, post
ROSC
- Compared with previous echo (2019.05.22), (2019.04.27)
ICU limited portable echo for EF, RV function,RVSP evaluation: IPF (LT
CHZ|), post ROSC 1. Moderate pulmonary HTN (RVSP: 54-> 50mmHg) with poorly
collasible IVC
2. No significant change in enlarged RA and RV with RVH (5.8mm)
3. Akinesia of RV freewall with reduced RV systolic function (FAC: 27-

*Compared with previous echo (2019.5.20)*

1. Severe global hypokinesia of LV and RV. > 24%)
2. Normal sized LV with reduced global LV systolic function (EF: 72- but relatively preserved longitudinal motion (TV TDI S': 11cm/s)
>28% by biplane). 4. Improved to mild global hypokinesia of LV
3. Enlarged RA and RV with reduced RV systolic function (S': 5.8cm/ :éie;;ease;i “;’)rma' sized LV (EDD/ESD: 52/41-> 40/30mm, ESD/

. mmy/m
S)- . . . _ with improved to preserved LV systolic function (EF: 28-> 53%)
4. Mild TR(GI/IV) with moderate pulmonary hypertension (RVSP: 6. Relaxation abnormality of LV filling pattern (E/e’: 9-> 11)
54mmHaqg). 7. Small amount of pericardial effusion at RA (0.57cm), RV (0.54cm)

8. Slightly dilated sinus of Valsalva (36mm)
9. Dilated MPA (36mm), RPA (18mm), and LPA (19mm)

NIVERSITY




CASE B: Progress

* Lung transplantation, double 2019.5.25

ICU portable echo: S/P Lung transplatation (2019.05.25)

* Compared with previous echo (2019.05.24)

** Only available of subcoastal window £ 91510] H&tst 771 o
o LICH **

1. Mild pulmonary HTN (RVSP: 50->39mmHg) with poorly collapsible

IVC (15mm)
2. Still enlarged RA, RV with improved RV function (FAC: 24->33%)

3. Preserved LV systolic function (EF: 53->53%)




HO|4 Of &, MEEIAH
Ann Thorac Surg. 2017 Aug;104(2):412-419.

VV vs. VA

Need for bridging to lung transplantation

Hypercapnea (+)

Hypoxemia (-) Hypoxemia (+) Severe primary PH
PH (-)
Severe PH Hypoxemia
() ) (+) )

VV-ECMO VAV-ECMO VA-ECMO

4°)) YONSEI

N/ UNIVERSITY



Issues in ICU: General management

TABLE 2. RECOMMENDED MONITORING OF THE CRITICALLY ILL PATIENT WITH SEVERE PULMONARY ARTERIAL HYPERTENSION

Parameter

Modality

Treatment Goal

Renal function
Liver function

Cardiac function

Tissue perfusion/oxygenation
Neurohormonal markers
Myocardial perfusion

Urinary catheter
Serum creatinine
AST, ALT, bilirubin

Central venous line (central venous pressure, Scvp,)

Pulmonary arterial catheter (RA pressure,
cardiac index, PAPm, PVR, Svg )

Echocardiography

Lactate

Brain natriuretic peptides (BNP or NT-proBNP)
Systemic blood pressure (noninvasive or invasive)

ECG
Troponin

Maintain kidney function and diuresis. In general a net
negative fluid balance is required

Reduce hepatic congestion

Maintain hepatic perfusion

Improvement in cardiac function demonstrated by an increase in
cardiac output with improvement (reduction) in right atrial pressures

Scvp, = 70%

Svo, > 65%

Improve LV filling

<2.0 mmol/L

Reduction in BNP levels

Ensure adequate systemic diastolic pressure (=60 mm Hg)

Avoid/treat tachycardia/tachyarrhythmia

Optimize myocardial perfusion (negative troponin)

Am J Respir Crit Care Med. 2011 Nov 15;184(10):1114-24

NIVERSITY




Issues in ICU: PH monitoring

* Physical examination

 Elevated jugular venous pressure with a large v wave, a loud P2 component of the second heart sound, and

palpable RV heave
» Hepatomegaly, ascites, and peripheral oedema

» Low pulse pressure &cool extremities

* Echocardiography

« Laboratory exam
« BNP Troponin, liver enzyme

* Pulmonary artery catheter (PAC)

NIVERSITY



Issues in ICU: PH monitoring

TABLE 2. Echocardiographic Parameters of RV Function

View

Abnormal
Parameter TEE TTE Value
RV:LV area ratio ME four chamber Apical four chamber > 0.6

TG midpapillary Parasternal midpapillary

LV eccentricity index short axis short axis > 1
RVFAC ME four chamber Apical four chamber <35%
TAPSE Deep TG RV Apical four chamber <16cm
Peak velocity of systolic excursion
at the annulus Deep TG RV Apical four chamber <10 cm/s
Pulmonary artery flow Ascending aortic
acceleration time short-axis Parasternal RV outflow

< 100 ms
Chest. 2015 Mar;147(3):835-846.




Advantages to POCUS

- Augments a physical
examination

- Prevent hospital admission

- Direct management of new

symptoms

- Reduce health care system

resource utilization

- May allow patient to remain

athome

Issues in ICU: PH monitoring

Barriers to POCUS

- Language barrier

- Inability to transmit images

Inpatient/ED/
Outpatient/Virtual
Visit - POCUS
Evaluation

- Acquisition difficulty (probe

position, obesity)

- Diagnostic uncertainty

- Patient questions regarding

POCUS findings

- Training

- Access to expert echocardiographer

POCUS
Evaluation

*Sensitivity for new wall motion
abnormality is modest by
POCUS, especially with

inexperienced operator

**|n all case scenarios, even if
POCUS negative, if high
clinical suspicion, full TTE and/
or expert echocardiography
consultation is recommended

Wy w

52 Focal Wall
Q5 motion
Q=

T

P

] § - Myocarditis

2o - Cardio-

L g myopathy

Pericardial
Effusion

Qualitative
RV/LV >1
Effusion
McConnell Sign

Moderate to
- PE Large Size
- Pulmonary HTN
- CAD/MI
- Intracardiac shunt
- Congenital HD

Collapse

Inflammation

Infection
Malignancy

Post Procedure

YONSEI

UNIVERSITY

Differentiate
from Pleural

Dilated IVC
RV Diastolic

Valvular
Assessment

Mitral Valve
- Reduced
opening,
doming
pattern vs
calcified

Aortic Valve -
Reduced
opening,

I"::avily
calcified

sisouals

Mitral Valve
- Color jet
area
Structural
abnormality
(eg, flail)

Aortic Valve -
Color jet
area,
structural
abnormality

uoneybinbay

Mitral
Stenosis

Aortic
Stenaosis

Mitral
Regurgitation

Aortic
Regurgitation



Issues in ICU: Time is ticking
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Management of PH, in ICU

* Post-op Care

%) YONSEI
X/ UNIVERSITY



RV failure — LV wall mass | |

Health CTEPH patient with CTEPH patient with
volunte);r pre-operative RVF pre-operative RVF
(before PEA) (after PEA)

J Am Coll Cardiol 2011 Feb 22;57(8):921-8.

B VONSEL
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After lung transplantation

Chronic LV unloading and
impaired relaxation

Acute volume loading
of LV after

reperfusion of

allograft

Increased LA

pressure
Higher pulmonary venous
pressure
Increased capillary Primary
permeability after graft
lung transplant dysfunction

Am J Respir Crit Care Med. 2016 Jun 15;193(12):1392-400.




Prolonged ECMO after lung T

100+
E ttl B TR Y
.2 80+ -L"-'L _____________ e il e -
C
= 60
7]
o
5
O -+ intraoperative ECMO only
20+ : :
£ =~ intra + postoperative ECMO
o T L L] L 1
0 1 2 3 4 5

Years

intraop-only: 31 25 25 25 24 22
intra+postop: 41 38 38 26 18 14

number at risk

European Journal of Cardio-Thoracic Surgery 53 (2018) 178-185
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VA ECMO after transplantation in PH

Vienna ECMO weaning, when

- Hemodynamic stability
- Normal X-ray
- Adequate oxygenation

Intraop VA-ECMO(Central) - Normalized fluid balance

Prologned VA-ECMO (peripheral)
- continuous heparinization

- Swan-Ganz cath : PAP measurement

European Journal of Cardio-Thoracic Surgery 53 (2018) 178-185




VA ECMO after transplantation in PH

A . B 1-year survival
100% = Time —
Patient : 1 ICU asrival ¥ “ |
1 I 24haBerTx LT
W . I 48haker Tx oo{ }173
0% - 72h alter Tx ) ey
q. 80 i 1 nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn Ll
w —_ O I — -l
6 1 + £ 70+
o~ % & T )| ;
8 l | Z 601
o € 50
iy 1 3 : : —— BLTx-ECMO (n=23)
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G i D 40- BLTx-ECMO vs HLTx, p=0.19 == BLTx-ventilation (n=13)
o - =4« HLTx (n=17)
20% L=
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Treatment Days

Transplantation. 2015 Feb;99(2):451-8.
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VA ECMO after transplantation in PH

Hannover, Germany

A

Protocol of BLTx for severe PAH

Echo;
before Tx

Echo;
d2

Echo;
d5s

LTx + ECMO

Implant

Extubation

Awake V-A ECMO

ECMO

Explant

Echo;
discharge

Swan-Ganz and LA catheters for haemodynamic monitoring

Transplantation. 2015 Feb;99(2):451-8.

/ UNIVERSITY



Take home message

* Pulmonary hypertension is prevalent in lung transplantation
candidates

e In ICU

 During intubation and mechanical ventilation
 Prepared for cardiogenic shock, especially RV failure

« VA-ECMO should be considered in severe PH, not only as a bridging
strategy but also as post-operative care
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