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Does the PA catheter improve survival in cardiogenic shock?
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A historical perspective of the PA catheter (PAC)

1972: Dr. Swan & Dr Ganz
(R Bradley, UK)
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PAC = 24 h in critically ill patients: worse survival

September 18, 1996
The Effectiveness of Right Heart Catheterization in
the Initial Care of Critically Il Patients

Alfred F. Connors Jr, MD; Theodore Speroff, PhD; Neal V. Dawson, MD; et al

2> Author Affiliations
JAMA. 1996;276(11):889-897. doi:10.1001/jama.1996.03540110043030

Case-matched, risk-adjusted study (N = 5735)
1 30-day mortality if PAC use < 24 h after ICU admission
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PAC-Man trial — Harvey et al. The Lancet 2005

Population: N = 1041 100
- multicenter RCT, UK
- patients admitted to general ICU
- high APACHEII score at admission 2
2
- 11% ADHF Z
o
- PAC to guide vasoactive drug therapy k]
- no standardized protocol )
- no data on how measurements were used |
Log rank test (stratified by stratum): x*=0-77, p=0-381
i i i : . o | | I | I |
Primary endpoint: in-hospital mortality (68 vs 66%) 0 15 30 45 60 75 %0
Time from randomisation (days)
Number at risk ’
Control 508 240 205 194 188 186 183
PAC 506 232 191 179 174 168 166
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ESCAPE trial — Stevenson et al. JAMA 2005

Population: N = 433

- multicenter RCT, US and Canada —
— PAC + Clinical Assassment (n=206)
- patients admitted with acute on chronic heart failure Clinical Assessment Only (n=207)

- LVEF = 30%, SBP < 125 mm Hg

- 1 sign + 1 symptom of congestion 15: -

- treated with GDMT = 3 months %D‘E'

- almost no cardiogenic shock (<1%) 2061
- main reason: to guide decongestion g 0.4-
- therapy according to physician 3 .
- no data on how measurements were used

0 30 60 90 120 150 180

Primary endpoint: days alive out of the hospital Days Well (Not Dead or Hospitalized), No.
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PAC in the critically ill population

No. of Deaths/
Total No. of Patients Favors : Favors
l | Odds Ratlo PAC i NoPAC

SOUmce PAC No PAC (95% CI)

Schultz et al,'s 1985 1/35 10/35 0.11 (0.02-0.63) =]

Shoemaker et al,'s 1988  11/58 7/30 0.76 (0.27-2.15) ——

Isaacson et al,'” 1990 1/49 /53 NA

Berlauk et al,'® 1991 1/66 2/21 0.18 (0.02-1.42) -

Guyatt,'® 1991 10/16 9/17 1.10 (0.29-4.22) o=

Bender et a,?® 1997 1/51 1/53 1.04 (0.11-9.95) ]

Valentine et al, 2! 1998 3/60 1/60 2.38 (0.35-16.29) .

Bonazzi et al, 2 2002 0/50 /50 NA

Rhodes et al,”® 2002 46/95  50/106 1.01 (0.58-1.76) E =

Sandham et al,* 2003  163/997  155/997 1.06 (0.83-1.35) B

Richard et a,% 2003 100/338  208/343 0.93 (0.68-1.26) B

ESCAPE, 1° 2005 457215 38218 1.25 (0.78-2.02) -

Harvey et al,'* 2005 346/506  333/507 1.13 (0.87-1.47) =

(PAC-Man)
Combined 1.04 (0.90-1.20) 5
001 0.1 1 10 100
Odds Ratio (95% CI)

Shah et al. Meta-analysis JAMA 2005
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PAC in the critically ill and high-risk surgery population

Study or subgroup PAC Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Bender 1997 1/51 1/53 0.05% 1.04[0.07,16.18]
Berlauk 1991 1/e8 2/21 0.07% 0.15[0.01,1.62]
Guyatt 1991 10/16 9/17 L 1.14% 1.18[0.66,2.12]
Harvey 2005 346/506 337/507 . 53.51% 1.03[0.94,1.12]
Isaacson 1990 1/49 0/53 = 0.04% 3.24[0.14,77.71)
Joyce 1950 0/21 0/19 Not estimable
NHLBI 2006 140/513 128/487 - 9.34% 1.04[0.85,1.27)
Pearson 1989 1/152 1/74 0.05% 0.49[0.03,7.68)
Rhodes 2002 46/96 50/105 . 4,69% 1.01[0.75,1.34)
Richard 2003 199/335 208/341 » 26.12% 0.97[0.86,1.1]
Sandham 2003 T8/997 T7/997 -+ 4.3% 1.01[0.75,1.37]
Shoemaker 1988 11/58 T/30 — 0.56% 0.81[0.35,1.88]
Valentine 1998 3/e0 1/e0 0.08% 3[0.32,28.03]
Total (95% Cl) 2922 2764 ] 1009 1.01[0.95,1.08]
Total events: 837 (PAC), 821 (Control)
Heterogeneity: Tau’=0; Chi?=5.26, df=11(P=0.92); 1*=0%
Test for overall effect: 7=0.41(P=0.68)

Favours experimental  0-01 01 1 10 100 Favours control

Rajaram et al. Cochrane Database of Systematic Reviews 2013
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PAC in the critically ill population

Analysis 2.1. Comparison 2 PAC versus no PAC, Outcome 1 All types mortality (general intensive care patients).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Guyatt 1991 10/16 9/17 —1'»— 1.21% 1.18[0.66,2.12)
Harvey 2005 346/506 333/507 T 56.02% 1.04(0.95,1.14]
NHLBI 2006 140/513 128/487 9.95% 1.04(0.85,1.27)
Rhodes 2002 46/96 50/105 ' + ' ' 5% 1.01(0.75,1.34)
Richard 2003 199/335 208/341 . 27.82% 0.97(0.86,1.1)
Total (95% Cl) 1466 1457 100% 1.02[0.96,1.09]

Total events: T41 (Treatment), 728 (Control)
Heterogeneity: Tau’=0; Chi*=1.04, df=4({P=0.9); ’=0%
Test for overall effect: Z=0.64(P=0.52)

Favours treatment  0.01 Q.1 1 10 I Favours control

wwuw.paris-ecostcs.com



Trends in PAC use

E | Primary diagnosis category
351
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1999 2001 2003 2005 2007 2009 2011 2013 195 2001 2003 2005 2007 2008 2011 2013
Year Year

Incidende per 1000 AdmEsions
g
Incidence per 1000 Admissions

National Trends in Use and Outcomes of Pulmonary Artery Catheters Among Medicare Beneficiaries,
1999-2013 - JAMA Cardiology 2017
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Cardiac power output: hemodynamic variable measured by PAC

strongest independent correlation with survival in cardiogenic shock

CPO =CO x MAP /451

Estimated In-hospital Mortality (%)

| | T | T [ | T T T
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Cardiac Power Output

Post-hoc analysis from the SHOCK trial registry
Fincke et al. JACC 2004
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Contents lists available at ScienceDirect

CriticalCar:

Journal of Critical Care

journal homepage: www.journals.elsevier.com/journal-of-critical-care

Prognostic implications of pulmonary artery catheter monitoring

-
in patients with|cardiogenic shock:|A systematic review el
and meta-analysis oflobservational studies

Maurizio Bertaina et al. 2022

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Garan 2020 -0.451 0.2017 12.4% 0.64 [0.43, 0.95] .
Hernandez 2019 -0.0943 0.0229 24.1% 0.91 [0.87, 0.95] -
O'Neill 2018 -0.5075 0.0602 22.5% 0.60 [0.53, 0.68] = o
Ranka 2021 -0.3711 0.0305 23.9% 0.69 [0.65, 0.73] -
Rossello 2017 -0.5978 0.2306 10.8% 0.55 [0.35, 0.86] .
Sionis 2019 0.157 0.3493 6.3% 1.17 [0.59, 2.32] -
Total (95% Cl) 100.0%  0.71 [0.59, 0.87] s
Heterogeneity: Tau® = 0.04; Chi’> = 82.60, df = 5 (P < 0.00001); I° = 94% 1

05 07 1 15 2

Test for overall effect: Z = 3.31 (P = 0.0009) Favours PAC  Favours no PAC
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Current use and impact of PAC in cardiogenic shock in Europe

Kaplan-Meier survival estimates

1.00-
P=0.6

0.75- Cardshock study (N = 219)

.-y

PAC use in 37.4%

0.50-
0.25- e >70% AMI-CS
0.00, . | .  PAC group:
0 10 20 30 higher APACHEII-score
Days more aggressive treatment
Number at risk : .
non-PAC 44 36 39 29 No severe Compllcatlons
PAC 49 34 30 27

non-PAC  ===== PAC

Sionis et al. Journal of Intensive Care Medicine 2021

@ 4 //’
www.pnrls-ccostcs.com f;ﬁ/
o7




Complete PAC assessment — lower in-hospital mortality?

CENTRAL ILLUSTRATION Frequency of Mortality Among PAC Use Overall and by SCAI Stage

PAC Utilization Study Definition PAC Utilization Among Study Cohort

Presence of NONE of the following invasive

hemodynamics:
. Pulmonary Artery Systolic Pressure
. Pulmonary Artery Diastolic Pressure
. Pulmonary Capillary Wedge Pressure
. Pulmonary Artery Saturation
C Right Atrial Pressure
Incomplete Presence of 1-4 of the following invasive
Assessment hemodynamics:
. Pulmonary Artery Systolic Pressure
. Pulmonary Artery Diastolic Pressure
. Pulmonary Capillary Wedge Pressure Association with Mortality Among Advanced Stage Patients

. Pulmonary Artery Saturation

Overall SCAl Stage D SCAlStage E
(N =1,279) (N =758) (N =212)
Complete Presence of ALL of the following invasive e
Assessment hemodynamics: 80 - 80 - p="t
. Pulmonary Artery Systolic Pressure
. Pulmonary Artery Diastolic Pressure 604  p<0.001 60 = p=0.05
. Pulmonary Capillary Wedge Pressure -

. Pulmonary Artery Saturation

% Mortality

AND presence of Right Atrial Pressure

il

Garan, A.R. et al. J Am Coll Cardiol HF. 2020;8(11):903-13.
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PAC in HF-CS: the earlier, the better?

Retrospective multicenter study (N = 1055)
Cardiogenic Shock Working Group Registry

100%

93% Bpac
0% - W No PAC
OR (95% C1) PVake 0% 1
[I'Ac <6 hours vs PAC >6 hours - 0321017, 0. oo ] T0% A
60%
PAC <12 hours vs PAC >12 hours - 0.64 1038 1.204 06 OR O 68
S0% - :
95%CI 0.50-0.93
PAC 224 hours vs PAC >24 hours ——— 1131064 2.000 0o 0%
PAC <48 hours vs PAC >48 hours —_—— 1.70 1090, 3.21) 0. 30% 4
20% A
PAC <72 hours vs PAC »>72 hours - 2061090 4.2 008
10% 1
00 85 10 15 20 25 30 35 40 45
0% -
Mor tality HRT NKS RRT Mechanica HCA
vertilation

Kanwar et al. Journal of Cardiac Failure 2023
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PAC use — lower in-hospital mortality?

Retrospective multicenter study

Critical Care Cardiology Trials Network North America

Variable site practice:
PAC use 1.1% - 34.9% per site

PAC: previous HF, LVEF<20%, valvular or congenital

heart disease, pulmonary hypertension
Less PAC in advanced age, multiple comorbidities

CENTRAL ILLUSTRATION Pulmonary Artery Catheter Use in CICUs and Association
With Mortality

Variability in PAC Use

& oo Range of PAC utilization
ooooool across centers among

oo shock admissions
Cardiogenic % oo OERC

Nih;;k% 34 CICU Sites 8.3% —w 73.2%

Top 3 Drivers

» Mechanical support
» Site-related variation
« Diagnosis of heart failure

In-hospital Mortality in Shock
P

AC No PAC

GHRS

28.4% 35.0%

Adjusted OR: 0.79
(95% Cl: 0.66-0.96), P = 0.017

Kadosh BS, et al. J Am Coll Cardiol HF. 2023;11(8):903-914.

CICU = cardiac intensive care unit; PAC = pulmonary artery catheter.




What do the guidelines say?

@ ESC No clear recommendation on PA catheter
European Society cardiogenic shock

of Cardiolo _
W 2021 ESC guidelines on Heart Failure

4. In patients presenting with cardiogenic shock,
placement of a PA line may be considered to
define hemodynamic subsets and appropriate
management strategies.?3-%7

Under development:
“Consensus Statement on shock diagnosis
and haemodynamic monitoring in the ICU”
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The future... RCT in HF-CS

DI u.s. National Library of Medicine
Find Studies « About Studies «

ClinicalTrials.gov

Home > Search Results > Study Record Detail

Pulmonary Artery Catheter in Cardiogenic Shock Trial (PACCS)

« RCT

« PAC = 6h of randomization vs no or delayed PAC (>48h)

« Heart Failure related-CS (de novo or acute on chronic) (excl AMI)
* Primary outcome: in-hospital mortality

Equipoise based on current observational data?

16% PAC in US in CS
>95% at individual sites
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Shock teams / protocols might improve survival — PAC - guided?

Cardiogenic Shock Shock Team

Shock Team g Rapid Multidisciplina
Suspected Activation " e

Evaluation
» Critical care cardiology

» Advanced heart failure

* Interventional cardiology mmg '"vasive Hemodynamics

» Cardiac surgery

» ECMO service

= d Additional Diagnostics

0dds Ratio
(95% CI)

P Value

Therapeutic Intervention
AMI-CS —— 238(1.483.82) <0.001 Selection
Non-AMI-CS —— 162(1.23-213)  0.001
Overall e 1.86 (147-2.35)  <0.001 Shock Team No Shock Tasm
Clinical Course and Outcomes (n = 546) {n — 696) P Value
Advanced MCS Use Time from CICU admission to PAC, days 0.3 (0.08-1.00) 0.66 (0.15-158) 0.019
AMI-CS | I 262 (144-475)  0.002 Median number of inotropes administered 1(1-2) 201-2) 0.008
Mechanical ventilation 223 (40.8) 363 (522) <0.001
Non-AMIFCS et 1240822026 New renal replacement therapy 58 (10.6) 131 (18.8) <0.001
Overall —e— 173(119-251)  0.005 Duration of CICU stay, days 4.0 (2.0-7.5) 5.1 (2.4-10.5) <0.001
SRR CICU mortality 126 (23.1) 200(28.7) 0.025
MCS
AMI-CS 1 CLb el D Treated with any MCS 192 (35.2) 299 (43.0) 0.005
Non-AMI-CS —— 0.67(0.49-0.93) 0.017 MCS before transfer 47 (24.5) 88 (29.8) 022
Overall o 072(0.55-0.94) 0.016 MCS charing first 24 hours 115 (59.9) B4 519) -
MCS after 24 hours 30 (15.6) 55 (185) -

015 03 0507 1 152 3
Presence of Shock Team

Papolos, A.L et al. J Am Coll Cardiol. 2021;78(13):1309-1317.
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Shock team characteristics (n=110)

Members of the shock team include representation from:

Critical care cardiology 10/10 (100%)
Cardiac surgery 10/10 (100%)
Interventional cardiology 9/10 (90%0)
Advanced heart failure 8/10 (80%)
Extracorporeal membrane oxygenation service 710 (70%)
Is there a centralized way to active the shock team? 10/10 (100%0)
Is the shock team a 24/7 service? 10/10 (100%)
Is a there a shock team member in-hospital 24/77 6/10 (60%0)
What proportion of patients recerve pulmonary artery catheters prior
to shock team activation?
<1/37 4/10 (40%)
1/37d _ 2/3d 6/10 (60%)
»2/37d 0/10 (%0)
What proportion of patients receive pulmonary artery catheters after
shock team activation?
<1/34 0/10 (0%)
1/37d _ 2/3d 3/10 (30%)
=2/3rd 710 (70%)
Are specific hemodynamic algorithms used to guide management? 4/10 (40%0)
Are there regularly scheduled shock team meetings to review cases as 5110 (50%)

part of ongoing quality improvement efforts?

wwuw.paris-ecostcs.com




Take home messages

* Routine use of PAC in cardiogenic shock: no benefit on survival

7 use in cardiogenic shock

Assessment of PAC variables should be complete (exclude errors and pitfalls)

Guidance in use of fluids / vasoactive drugs / MCS, eg in mixed or biventricular shock

Monitoring tool, complimentary to other HD monitoring (echo) >< treatment

Awaiting further RCT’s!




It IS never the tool that decides.

It's the hands -and the heart- of the one who wields it.”
— Kevin Sands

Thank you!
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